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Preface

“A long habit of not thinking a thing wrong, gives it a superficial appearance of 
being right” was written by Thomas Paine in his pamphlet entitled Common Sense 
circa 1776. And while the context of this statement involved fighting for a demo-
cratic government and not fighting disease, the same philosophies hold true for 
much of our “practice” of medicine. Acute brain dysfunction during acute illness 
has, unfortunately, proven this concept time and time again throughout the history 
of medicine. It has long been associated with severe and critical illness, but for 
practitioners and even patients, it was typically considered an expected and often 
insignificant consequence – one that we now know is dangerous and costly in its 
own right and that should not be underestimated.

Patients with critical illness commonly demonstrate acute brain dysfunction sec-
ondary to their disease processes and as a consequence of the therapies required to 
treat their disease. This brain dysfunction and altered mental status can present in a 
wide collection of signs and symptoms, ranging from coma to hyperactivity and 
psychosis. Though this brain dysfunction has historically been described in many 
terms, the medical community has converged on “delirium” as the construct to 
advance clinical care, communication, and research.

Evidence over recent years from numerous disciplines has pointed us not only to 
the importance of diagnosing, preventing, and treating delirium during critical ill-
ness but also to the need to educate clinical care providers, patients, and families 
about its significance and bearing. Delirium in and of itself is unpleasant, unsettling, 
frightening, and often dangerous. Further, it is independently associated with worse 
patient-centered outcomes both in the short term and years after its presentation, 
including cognitive impairment and dementia. In order to improve both survival and 
survivorship of our patients with critical illness, we need to limit the prevalence and 
impact of delirium. As expected from its complicated origins and clinical presenta-
tions, this is not a simple task.

With the contents of this book, we summarize current knowledge, provide valu-
able clinical insights and strategies, emphasize the importance of multidisciplinary 
efforts, and stimulate future patient care and research. Thus, this book provides a 
comprehensive, state-of-the-art overview of delirium and acute brain dysfunction in 
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the critically ill. It covers the basic pathophysiology of delirium, epidemiology, risk 
factors, outcomes associated with delirium, prevention and treatment of delirium, 
and challenges and techniques for improving delirium awareness. The chapters of 
the book were written by experts in the field (to which we owe our gratitude, respect, 
and admiration) to provide one of the most in-depth resources on delirium in the 
critically ill.

GL Engel and J. Romano in their article “Delirium, a syndrome of cerebral insuf-
ficiency” in the Journal of Chronic Disease in 1959 wrote “The physician who is 
greatly concerned to protect the functional integrity of the heart, liver, and kidneys 
of his patient has not yet learned to have similar regard for the functional integrity 
of the brain. This is a serious and, perhaps, tragic omission.” We, and the evidence, 
agree! Advancing awareness and knowledge of delirium is an individual and public 
health imperative. It is our conviction that empowering readers with this valuable 
resource on delirium will help guide patient management and stimulate investiga-
tive efforts.

Nashville, TN, USA Christopher G. Hughes 
  Pratik P. Pandharipande 
  E. Wesley Ely  

Preface
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Chapter 1
Delirium Definitions and Subtypes

Christina J. Hayhurst, Bret D. Alvis, and Timothy D. Girard

 Introduction

Delirium has long been recognized as a pathologic syndrome, but as our under-
standing of it continues to evolve, so does the way we define it. In ancient Greece, 
Hippocrates used the term “phrenitis” when describing patients with cognitive and 
behavioral disturbances, agitation, and restlessness and used the term “lethargus” to 
describe those with memory impairment, somnolence, and listlessness. The term 
“delirium” was first used by the Roman physician Celsus, who described patients’ 
delusions and perceptual disturbances in association with fever as delirium (the root 
word “delirare” means to go out of the furrow). In the nineteenth century, a French 
psychiatrist, Philippe Chaslin, coined the term “confusion mentale primitive” to 
indicate “an acute brain disorder, consecutive to a significant organic disease, with 
cognitive impairment associated with delusions, hallucinations, psychomotor agita-
tion, or reciprocally, with psychomotor retardation and inertia” [1]. Thus the com-
plex and changing nature of delirium has been long recognized, and the inconsistency 
of symptoms and variable clinical presentations have led to multiple attempts to 
define delirium throughout the modern era. Such changes in definition and termi-
nology are one of the multiple reasons delirium can be difficult to diagnose, study, 
and treat. Prior to the Diagnostic and Statistical Manual of Mental Disorders (DSM- 
III, 1980) introduction of the term delirium, there were multiple terms used to 
describe acute generalized brain dysfunction. These terms included “acute confu-
sional state, encephalopathy, acute brain failure, ICU psychosis, and even subacute 
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befuddlement.” These terms referred to delirium resulting from acute illness or 
intoxications and presenting in different treatment settings or patient populations 
(e.g., intensive care unit [ICU] vs hospital ward). Combining all of these clinical 
constructs under the unifying term delirium has resulted in a more coherent approach 
to clinical practice and research but leads to further questions about specific defini-
tions and subtypes commonly encountered in the critically ill. Even among medical 
professionals, there remains scientific “confusion” around the topic, and only 54% 
of the healthcare professionals surveyed used the term accurately [2]. This chapter 
will review the current definitions and clinical subtypes of delirium most often 
encountered in the ICU.

 Current Definition

Though controversy over how to define delirium persists in some circles, most 
experts and authoritative bodies consider the American Psychological Association’s 
definition of delirium to be the reference standard (Table 1.1). In the DSM-V, delir-
ium is defined by the following criteria: “A. Disturbance in attention (i.e., reduced 
ability to direct, focus, sustain, and shift attention) and awareness (reduced orienta-
tion to the environment). B. The disturbance develops over a short period of time 
(usually hours to a few days), represents an acute change from baseline attention and 
awareness, and tends to fluctuate in severity during the course of a day. C. An addi-
tional disturbance in cognition (e.g., memory deficit, disorientation, language, visuo-
spatial ability, or perception). D. The disturbances in Criteria A and C are not better 
explained by a pre-existing, established or evolving neurocognitive disorder and do 
not occur in the context of a severely reduced level of arousal such as coma [3]. 
Though these criteria are an important reference standard and are used by psychia-
trists in their daily practice, non-psychiatrist providers frequently rely on delirium 
assessment tools that have been validated against the DSM criteria. These tools facil-
itate rapid and reliable diagnosis of delirium in multiple settings, including the ICU.

Table 1.1 DSM-V diagnostic criteria

A.  Disturbance in attention (i.e., reduced ability to direct, focus, sustain, and shift attention) and 
awareness (reduced orientation to the environment)

B.  The disturbance develops over a short period of time (usually hours to a few days), represents 
a change from baseline attention and awareness, and tends to fluctuate in severity during the 
course of a day

C.  An additional disturbance in cognition (e.g., memory deficit, disorientation, language, 
visuospatial ability, or perception)

D.  The disturbances in Criteria A and C are not better explained by another pre-existing, 
established, or evolving neurocognitive disorder and do not occur in the context of a severely 
reduced level of arousal, such as coma

E.  There is evidence from the history, physical examination, or laboratory findings that the 
disturbance is a direct physiological consequence of another medical condition, substance 
intoxication or withdrawal (i.e., due to a drug of abuse or to a medication), or exposure to a 
toxin or is due to multiple etiologies

C. J. Hayhurst et al.
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 Diagnosis of Delirium in the ICU

Delirium is highly prevalent in the ICU, with some studies reporting occurrence in 
up to 80% of patients [4, 5]. Unfortunately, delirium is often underdiagnosed in the 
ICU without regular screening using a validated assessment tool [6]. Several factors 
likely contribute to failure to recognize delirium in the ICU, including lack of 
awareness that delirium during critical illness is often the hypoactive subtype and 
misattribution of delirium signs and symptoms to sedation and/or sleep.

A reliable yet more easily administered tool than the DSM definition was needed 
to help care for ICU patients and detect delirium efficiently. Several tools have been 
developed to rapidly diagnose delirium in the ICU; the most studied and best vali-
dated include the Confusion Assessment Method for the ICU (CAM-ICU) and 
Intensive Care Delirium Screening Checklist (ICDSC) [7, 8]. Details about delirium 
monitoring using these tools are provided in the following chapter.

Based on assessment of psychometric properties and performance in the ICU 
clinical setting, the CAM-ICU and ICDSC are the screening tools recommended by 
the Society of Critical Care Medicine guidelines on pain, sedation, and agitation 
from 2018 [9]. Delirium diagnosis is now being expanded upon to consider severity, 
motoric subtypes, and clinical phenotypes (Fig. 1.1).

Unlike the Delirium Rating Scale-Revised-98, which was validated as a measure 
of delirium severity in non-ICU patients, the CAM-ICU and the ICDSC were origi-
nally validated to assess delirium presence but not measure delirium severity. Both 
tools, however, have subsequently been used in this way, and recent studies found 
severity of delirium to be correlated with outcomes. The ICDSC is scored from 0 to 8, 
with a score 4 or above indicating clinical delirium. However any score above zero has 
been associated with an increase in mortality. When a diagnosis of clinical delirium 
does not exist, patients can still demonstrate subsyndromal delirium (SSD). This clas-
sification is typically made when the subject demonstrates cognitive and attentional 
deficits without meeting all the diagnostic criteria for delirium [10]. There is still not 
a clear definition in the literature of SSD, but it is often considered if the ICDSC score 
is between 1 and 3 or if 1–2 of the features on the CAM-ICU are positive [11]. In one 

Subsyndromal
Delirium

Evaluate Mental Status

Normal Acute Brain Dysfunction

Delirium Coma

Unarousable to VoiceMeets full delirium criteriaSome, but not all, features of delirium

Fig. 1.1 Severity of delirium

1 Delirium Definitions and Subtypes
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study, ICU mortality rates were 2.4% for those patients with a ICDSC score of 0, 
10.6% with a score of 1–3 (SSD), and 15.9% in those with a score between 4 and 8 
(delirium) [12]. There are conflicting data regarding the outcomes of SSD compared 
with delirium. One study showed increased ICU mortality in those with SSD com-
pared with those without any delirium symptoms [12], while another found no differ-
ences in outcomes [13]. SSD was associated in several studies with increased length 
of stay [11]. The distinction between SSD and no delirium is sometimes difficult, and 
more studies are required to explore neuropsychological tools that will help identify 
SSD and to determine whether it has important outcome consequences.

Due to interest in severity of delirium and not only a positive/negative assess-
ment value, the CAM-ICU was adapted to include a numbered scale (0–2) for each 
delirium feature. This severity scale, known as the CAM-ICU-7, was found in one 
study to correlate with an increase in mortality [14]. More research is needed, how-
ever, before the CAM-ICU-7 or any delirium severity measure can be recommended 
for routine use in clinical practice.

 Motoric Subtypes

Delirium, according to the DSM-V, must involve disturbances in both attention and 
cognition with an acute onset and organic etiology. As recognized by the ancient 
Greeks, these symptoms can be accompanied by a variety of psychomotor presenta-
tions. Importantly, several studies have found that the expression of these motoric 
subtypes of delirium is associated with differing outcomes [15–18]. In prior medical 
literature, hyperactive delirium was often termed “ICU psychosis,” while the neu-
rology literature called the hyperactive presentation “delirium” and termed hypoac-
tive delirium “acute encephalopathy.” There is suggestion to classify all delirium 
into clinical subtypes based on motoric symptoms and level of arousal [19, 20]. 
Lipowski first suggested categorizing delirium based on psychomotor presentation, 
using the terms hyperalert-hyperactive and hypoalert-hypoactive, and later added a 
mixed phenotype [21, 22].

The definitions of hyperactive and hypoactive delirium have traditionally included 
a listing of associated symptoms to distinguish the two subtypes. Hyperactive delir-
ium is typically identified by increased activity levels, increased speed of actions or 
speech, involuntary movements, loss of control of activity, restlessness, abnormal 
content of verbal output, hyperalertness, irritability, and/or combativeness [22–25]. 
Patients with hyperactive delirium often receive the most clinical focus in the ICU 
due to their disruptive behavior and, in some cases, the danger they pose to them-
selves by pulling at intravascular lines, catheters, and monitors.

Hypoactive delirium, alternatively, involves symptoms such as reduced activity, 
apathy, listlessness, decreased amount or speed of speech, decreased alertness, 
withdrawal, unawareness, or hypersomnolence [22–25]. Patients with hypoactive 
delirium are less likely to draw attention to themselves, and the diagnosis of delir-
ium may be missed entirely unless they are actively screened, as they do not exhibit 
overtly disruptive behavior.

C. J. Hayhurst et al.
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A mixed subtype, wherein a patient fluctuates and exhibits both motoric features 
at different times, may be the most common motoric subtype in the ICU. It is diffi-
cult to precisely quantify its frequency, however, due to the often rapidly changing 
nature of the symptoms. Some studies have determined hypoactive to be the most 
common form of delirium and mixed to be the second most common. One thing is 
clear—pure hyperactive delirium is rare in the ICU—and as described later in the 
chapter, is generally associated with better outcomes than the other two motoric 
subtypes. What is not clear, however, is whether the association between hyperac-
tive delirium and better outcomes reflects a biological difference in the mechanisms 
underlying the motoric subtypes of delirium or the effects of the sedative medica-
tions that are frequently given to ICU patients which can heavily influence the motor 
features exhibited during delirium.

In the ICU, a patient’s level of arousal is often determined using a validated seda-
tion scale, such as the Richmond Agitation and Sedation Scale (RASS) [26]. 
Originally developed by Sessler and colleagues [26], the RASS was initially 
designed as a monitoring tool for sedation related to medications given in the ICU. It 
was further validated for use in goal-directed sedation protocols [27]. It can, how-
ever, also be applied to patients who are not pharmacologically sedated as an assess-
ment of their level of arousal. The RASS includes the following criteria, numbered 
between −5 and +4: unarousable, deep sedation, moderate sedation, light sedation, 
drowsy, alert and calm, restless, agitated, very agitated, and combative (Fig. 1.2).

COMBATIVE
VERY AGITATED
AGITATED
RESTLESS
ALERT & CALM
DROWSY

LIGHT SEDATION

MODERATE SEDATION

+4
+3
+2
+1
0
–1

–2

–3

DEEP SEDATION

UNAROUSEABLE

–4

–5

No response to voice, but movement or eye opening 
to physical stimulation

No response to voice or physical stimulation

Verbal
Stimulation

Physical
Stimulation

Procedure for RASS Assessment 
1. Observe patient 
 a. Patient is alert, restless, or agitated. (score 0 to +4)

2. If not alert, state patient's name and say to open eyes and look at speaker. 
 b. Patient awakens with sustained eye opening and eye contact. (score –1)
 c. Patient awakens with eye opening and eye contact, but not sustained. (score –2)
 d. Patient has any movement in response to voice but no eye contact. (score –3)

3. When no response to verbal stimulation, physically stimulate patient by 
    shaking shoulder and/or rubbing sternum. 
 e. Patient has any movement to physical stimulation. (score –4)
 f. Patient has no response to any stimulation. (score –5)

Briefly awakens to voice (eyes open & contact <10 sec)

Movement or eye opening to voice (no eye contact)

Not fully alert, but has sustained awakening to voice
(eye opening & contact >10 sec)

Spontaneously pays attention to caregiver
Anxious, apprehensive, movements not aggressive
Frequent non-purposeful movement, fights ventilator
Pulls to remove tubes or catheters; aggressive
Combative, violent, immediate danger to staff

Fig. 1.2 Richmond Agitation-Sedation Scale (RASS)
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In many studies of ICU delirium, patients with delirium and a concomitant RASS 
>0 (which would include restless, agitated, and combative patients) were consid-
ered hyperactive. Patients with RASS ≤ −1, which described drowsy, light, or mod-
erate sedation, were considered hypoactive, and patients with RASS ≤ −4, deep 
sedation or unarousable, were considered coma [28]. Patients with a RASS 0, indi-
cating normal arousal level, at time of positive delirium assessment have most com-
monly been classified as hypoactive delirium due to the lack of hyperactive 
symptomatology. Other methods of determining the motoric subtype include motor 
subtyping from delirium checklists and visual analogue scales. However, the RASS 
is already commonly used in the ICU, making it a more accessible option.

In recent studies, it has been shown that the outcomes of hypoactive delirium 
compared to hyperactive delirium are generally worse. Liptzin and Levkoff suggest 
this might indicate the severity of the underlying illness. Healthier patients might be 
the ones who are physically able to become agitated or combative [29]. However, 
more recent work that has adjusted for severity of illness has still found hypoactive 
delirium as an independent risk factor for worse outcomes [30]. Hypoactive delir-
ium is associated with increased short- and long-term mortality after critical illness. 
A prospective study of 1613 patients found in-hospital mortality to be the highest 
for patients with hypoactive or mixed subtypes [30]. In a study of 1292 ICU survi-
vors, those with hypoactive delirium had a higher mortality rate at 18 months [31]. 
Interestingly, compared to the group with mixed or hyperactive phenotypes, they 
scored better on their healthcare-related quality of life questionnaires, which may be 
due to survivor bias. Patients with hypoactive delirium after surgery had a higher 
6-month mortality compared to those with mixed delirium [15]. Patients in a pallia-
tive care ward were noted to have increased mortality at 1 month if their predomi-
nant motoric subtype was hypoactive [32]. Patients with hypoactive delirium are 
also at increased risk for pressure ulcers and hospital-acquired infections [15]. In 
patients with intracerebral hemorrhage, hypoactive delirium was associated with 
longer length of stay and worse functional outcomes and quality of life than hyper-
active delirium [33]. Further study is needed to elucidate whether the hypoactive 
phenotype is merely representative of a more severe critical illness or whether it is 
a causative factor in outcomes.

 Clinical Phenotypes

Most studies on subtypes of delirium in the ICU have focused on motoric subtypes, 
but delirium can also be examined according to clinical phenotypes in an effort to 
identify clinical risk factors and potential underlying causes of delirium that may be 
useful to guide therapy or predict outcomes. To date, only one study has taken this 
approach in the ICU, identifying five clinical phenotypes in a large multicenter 
cohort: metabolic, hypoxic, septic, sedative-associated, and unclassified [34]. 
Notably, these phenotypes were not considered mutually exclusive and, in fact, 
were found to frequently coexist [34] (Fig.  1.3). Girard et  al. evaluated 1040 
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Propotion of ICU patients according to delirium subtypes (%)
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subjects and found rates of hypoxic, septic, sedative-associated, metabolic, and 
unclassified delirium to be 71%, 56%, 51%, 64%, 25%, and 22%, respectively [34]. 
They also demonstrated that the median duration was similar (3 days) no matter the 
phenotype, with only the “unclassified” being 1 day shorter [34].

Hypoxic delirium was defined as delirium concurrent with hypoxemia or shock 
[34]. Hypoxemia was defined as two or more 15-min intervals during which the 
lowest blood oxygen saturation level was <90%, and shock was defined as a lactate 
>4.4 mmol/L or two or more 15-min intervals during which lowest mean arterial 
pressure was <65 mmHg [34]. The duration of hypoxic delirium was found to pre-
dict long-term outcomes, with longer durations of hypoxic delirium being associ-
ated with worse cognitive deficits at 3-month and 12-month follow-up [34]. 
Intermittent hypoxia has been shown to cause cortical, subcortical, and hippocam-
pal injury to rodent brains [35]. These changes are possible mechanisms to explain 
the long-term cognitive effects.

Septic delirium was defined as delirium in the presence of a known or suspected 
infection and ≥2 systemic inflammatory response syndrome criteria [34]. The 
effects of sepsis on the brain have only recently begun to be elucidated in animal 
models [34, 36]. The systemic inflammation that characterizes sepsis leads to mono-
cyte and neutrophil infiltration in the brain with the activation of pro- inflammatory 
cytokines and chemokines within the microglia [36, 37]. This has been shown to 
lead to cortical and subcortical neuronal loss—a mechanism for cognitive impair-
ment [34, 38]. Longer duration of the septic delirium phenotype, like hypoxic delir-
ium, was associated with worse 12-month cognitive outcomes [34]. Much like the 
other phenotypes, the treatment of septic delirium is based on the general manage-
ment of sepsis [36].

Sedative-associated delirium was defined as delirium in the setting of adminis-
tration of at least one of the following commonly used sedatives: benzodiazepine, 
propofol, opioid, and/or dexmedetomidine [34]. There has been a strong interest in 
this particular phenotype because, unlike the other clinical delirium phenotypes, 
the clinician has direct control over the patients’ exposure [34]. Prolonged dura-
tions of sedative-associated delirium, after adjusting for covariates, were associ-
ated with worse cognitive function at 3 months and 12 months [34]. Additionally, 
when specific classes of sedatives were examined (e.g., benzodiazepine-associated 
delirium, propofol-associated delirium), no specific class was more or less likely to 
 predict long-term cognitive decline—delirium in the setting of any sedative, regard-
less of drug class, was associated with long-term cognitive impairment [34]. One 
study divided sedative-associated delirium into two forms: rapidly reversible and 
persistent sedative-associated delirium [39]. Rapidly reversible sedative-associated 
delirium was defined as delirium that abates shortly after sedative interruption [39], 
whereas persistent sedative-associated delirium continued after cessation of seda-
tives [39]. Patel et al. found that patients with rapidly reversible sedative-associated 
delirium had fewer ventilator, ICU, and hospital days than those with persistent 
delirium, but rapidly reversible sedative-associated delirium was much less 
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 common (only 12% of patients compared to 77% with persistent delirium) [39]. 
Persistent delirium was also associated with an increased 1-year mortality, whereas 
rapidly reversible delirium was not [39]. Whether sedative exposure, which can 
have effects that last longer than 2 h after discontinuation, played a role in persis-
tent delirium could not be determined, and no evidence exists regarding the rela-
tionship between these two subsets of sedative-associated delirium and long-term 
cognition.

Metabolic delirium was defined as delirium concurrent with any of the following 
metabolic derangements that represent renal or hepatic dysfunction: blood urea 
nitrogen greater than 17.85 mmol/L, glucose <2.5 mmol/L, international normal-
ized ratio >2.5, aspartate transaminase or alanine transaminase >200 U/L, sodium 
<120 mmol/L, and sodium >160 mmol/L [34]. The pathophysiology of metabolic 
delirium is poorly understood and could differ significantly from that of the other 
phenotypes. Recent experimental data indicate that acute kidney injury can lead to 
inflammation in the brain and other remote organs and a reduction in the clearance 
of medications, metabolites, and/or other potential neurotoxins—any or all of these 
conditions may explain the findings of a recent study showing that acute kidney 
injury is a risk factor for delirium during critical illness [40]. Mechanisms of delir-
ium in the setting of liver failure have not been defined but similar conclusions have 
been drawn with regard to a reduction in the clearance of medications and metabo-
lites with hepatic failure [41]. In the study of 1040 ICU patients, duration of meta-
bolic phenotype was not associated with cognitive outcomes assessed at 3-month 
and 12-month follow-up [34]. This may indicate that the mechanisms of delirium 
during acute kidney and liver dysfunction do not cause lasting brain injury, but 
additional research is needed to test this hypothesis.

In their study of clinical phenotypes of delirium, Girard et  al. labeled a fifth 
phenotype as “unclassified”—delirium in the absence of hypoxia, sepsis, sedation, 
and metabolic dysfunction [34]. Regarding cognitive deficits at 3 months and 12 
months, the unclassified phenotype behaves similar to the sedative-associated phe-
notype [34]. Longer durations of unclassified delirium predicted worse cognitive 
function at 3 and 12 months [34]. In fact, a prolonged period of this phenotype was 
one of the strongest predictors for worse long-term cognitive impairment [34]. 
Given the generic nature of this phenotype, characterizing this further into more 
detailed subsets could prove prudent. One example of this would be to separate out 
surgical phenotypes. Cavallari et al. demonstrated that microstructural brain abnor-
malities predispose subjects to delirium under the stress of surgery [42, 43]. This 
study  identified a significant relationship between brain abnormalities and postop-
erative delirium incidence and severity independent of age, vascular comorbidities, 
gender, and preoperative cognition [44]. These findings support that surgery alone, 
in some patients, could be a separate phenotype for delirium. Significantly more 
research needs to be performed to identify the utility of making this a separate phe-
notype and whether or not there are cognitive deficits associated with surgical 
delirium.

1 Delirium Definitions and Subtypes
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 Conclusions

As our understanding of delirium during critical illness continues to evolve, our 
definitions must as well. The current practice of using validated tools in the ICU to 
diagnose delirium has provided an easy framework for clinical care and research. 
These tools have also led to an increase in delirium diagnoses, leaving fewer patients 
unrecognized. Delirium diagnosis must be expanded upon in the future to consider 
severity, motoric subtypes, and clinical phenotypes. These additional classification 
systems have demonstrated important outcome differences between the subtypes 
and may guide treatment options for them.
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Chapter 2
Monitoring for Delirium in Critically Ill 
Adults

Annachiara Marra, Leanne M. Boehm, Katarzyna Kotfis, and Brenda T. Pun

 Introduction

Delirium is the most common manifestation of acute brain dysfunction and is increas-
ingly understood as a serious medical event during hospitalization. It is most com-
monly precipitated by underlying medical conditions, iatrogenic causes (e.g., 
administration of deliriogenic medications), sensory impairment (e.g., removal of eye 
glasses or hearing aids), immobilization, and alterations of sleep cycle. It is a preva-
lent complication in people receiving care throughout the hospital, especially in older 
people, those with dementia, and patients admitted to intensive care, postoperative, 
geriatric, and palliative care units [1, 2]. Delirium during the ICU period is a strong 
predictor of increased length of mechanical ventilation, longer ICU and hospital stays, 
increased risk of falls, increased health care cost, mortality [3–7], and is linked to 
negative outcomes long after hospital discharge such as increased mortality and cog-
nitive impairment [4, 8, 9]. The first step in managing ICU delirium is systematic 
monitoring with a validated delirium assessment tool. Current recommendations 
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focus on valid assessment of pain, sedation, and delirium in tandem [10, 11]. This 
highlights the fundamental interconnectedness of delirium and other patient symp-
toms and interventions in the ICU. Delirium assessment is so fundamental to critical 
care management that it is now a core feature in the evidence- based organizational 
approach referred to as the “ABCDEF bundle” (awakening and breathing coordina-
tion, choice of sedatives, delirium monitoring, early mobility, and family engagement 
and empowerment) [10–14]. Currently, there are enormous variations in practice, with 
most patients not routinely monitored for delirium in hospital wards and ICUs around 
the world and with most delirium going undiagnosed [15].

This chapter describes the most common delirium assessment tools for the ICU 
and outlines how to use those tools to inform delirium prevention and management 
strategies.

 Definition of Delirium

Delirium is an acute neuropsychiatric disorder that is characterized by a loss of 
attention and accompanied by cognitive change, perceptual disturbance, and/or 
change in level of consciousness (LOC). Delirium first appeared in medical writings 
over 2000 years ago [16], and today the term is widely used in medicine and in 
everyday language and pop culture. There are bands, movies, and beers that bear the 
name. As a result, there is widespread variation in defining the term [17]. In this era 
that demands ICU clinicians to practice in multiprofessional teams, it is important 
that each team member uses medical terms accurately and consistently in order to 
maximize the care and treatment for patients and families. The primary source for 
defining delirium has become the Diagnostic and Statistical Manual of Mental 
Disorders (DSM). The DSM details explicit diagnostic criteria for delirium and thus 
serves as the reference standard (see previous chapter for further details). The most 
recent revision, the DSM-5, outlines the core criteria for delirium providing more 
detailed descriptions of each feature and differentiates it from severe neurocognitive 
disorders and coma [18]. According to DSM-5 criteria, delirium is defined as an 
acutely developing deficit in attention (reduced ability to direct, focus, sustain, and 
shift attention) coupled with a change in cognition (memory deficit, disorientation, 
or perceptual disturbance) [18]. While no major criteria were changed in the revi-
sion, it did include some minor changes that prompted some to criticize that the new 
criteria could be interpreted too narrowly [19]. Meagher and colleagues compared 
the DSM-IV and two versions of the DSM-5, a strict version (all DSM-5 criteria in 
their most explicit forms) and a relaxed version (delirium features in all possible 
forms) with more general interpretation of the criteria. The strict application of 
DSM-5 criteria interpretation excluded cases with substantial delirium symptoms, 
but the relaxed version included these patients, thus leading the authors to recom-
mend the relaxed interpretation [19]. The European Delirium Association and the 
American Delirium Society both endorse a relaxed approach to the criteria interpre-
tation [20]. This debate underscores that, while the DSM-5 provided more detailed 
explanations of the delirium criteria, it still requires psychiatric training to navigate 
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and interpret. This complexity does not lend itself to widespread application; thus, 
valid and reliable assessment tools are needed for general bedside practitioners.

 Delirium Assessment Tools for the ICU

Despite the high prevalence of delirium, delirium goes undetected by bedside nurses 
and medical practitioners in up to three out of four patients when structured assessment 
tools are not used [21–23]. This is, in part, because symptoms of delirium are often 
“quiet” (hypoactive rather than hyperactive), challenging to recognize in patients who 
are sedated or nonverbal [24–27], and frequently fluctuate during the day. Bedside 
critical care clinicians need delirium assessment tools that, while validated against the 
DSM standards, are easy to use, are easy to communicate, and have good inter-rater 
reliability. While many tools have been developed over time, they do not all have strong 
psychometric properties. In 2013, the Clinical Practice Guidelines for the Management 
of Pain, Agitation, and Delirium (PAD) in Adult Patients in the ICU evaluated a myriad 
of ICU delirium assessment tools and identified two tools satisfying the threshold for 
recommendation: Confusion Assessment Method for the ICU (CAM-ICU) [28, 29] 
and Intensive Care Delirium Screening Checklist (ICDSC) [30]. Gelinas and col-
leagues reproduced the PAD guideline psychometric evaluation using updated data and 
again concluded only the CAM-ICU and ICDSC met the acceptable threshold for 
delirium monitoring [31]. Other tools evaluated for psychometric and feasibility prop-
erties that did not meet the acceptable threshold include the Cognitive Test for Delirium, 
the Delirium Detection Score, and the Nursing Delirium Screening Scale. In 2018, the 
updated version of the guidelines confirmed the role of validated screening tools, 
including CAM-ICU and ICDSC to improve delirium recognition [10].

There are a variety of other tools developed for use outside the ICU (e.g., Confusion 
Assessment Method [CAM], 4 A’s Test [4AT] [32], Nursing Delirium Screening Scale 
[Nu-DESC] [33], Delirium Observation Screening Scale [34], Single Question in 
Delirium [SQiD] [35], Recognizing Acute Delirium As part of your Routine [RADAR] 
[36]). However, this chapter focuses on tools developed and validated for use in criti-
cally ill patients. The following sections provide an overview of the two guideline-
recommended and validated ICU delirium monitoring tools.

 CAM-ICU

The CAM-ICU scale (Fig. 2.1a) was designed as an adaptation of the original CAM 
[37] in order to evaluate delirium objectively in a largely nonverbal population due to 
mechanical ventilation [28, 29]. It is a point-in-time assessment tool. The CAM- ICU 
evaluates for delirium by assessing four diagnostic features: (1) sudden changes/fluc-
tuations in mental status, (2) inattention, (3) altered levels of consciousness, and (4) 
disorganized thinking. The patient is considered CAM-ICU positive (i.e., delirious) if 
he/she manifests both features 1 and 2, plus either feature 3 or 4. The original 
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CAM-ICU validation study was conducted with 111 patients being evaluated by two 
independent observers. The observer CAM-ICU evaluations were compared with an 
assessment conducted by a psychiatrist employing the DSM-IV criteria for delirium 
diagnosis. Analysis revealed a specificity of 93% and 100% for both raters, respec-
tively, and a sensitivity of 98% and 100% for both raters, respectively [28]. Further 
studies have demonstrated the usefulness of the CAM-ICU in routine clinical assess-
ment of delirium in ICU patients in other critical care environments to include surgery, 

Fig. 2.1 Assessment of the content of consciousness: (a) Confusion Assessment Method for the 
ICU (CAM-ICU) (Ely et al. [28, 53]); (b) Intensive Care Delirium Screening checklist (ICDSC). 
(Used with permission from John Devlin. Sessler et al. [54], Ely et al. [55])

CAM-ICU Worksheet

Feature 1: Acute Onset or Fluctuating Course Score Check here 
if Present

Is the patient different than his/her baseline mental status?
OR

Has the patient had any fluctuation in mental status in the past 24 hours as 
evidenced by fluctuation on a sedation/level of consciousness scale (i.e.,

RASS/SAS), GCS, or previous delirium assessment?

Either 
question Yes 

Feature 2: Inattention
Letters Attention Test (See training manual for alternate Pictures) 

Directions:  Say to the patient, “I am going to read you a series of 10 letters.
Whenever you hear the letter ‘A,’ indicate by squeezing my hand.”  Read  
letters from the following letter list in a normal  tone 3 seconds apart.

S A V E A H A A R T or C A S A B L A N C A  or A B A D B A D A A Y

Errors are counted when patient fails to squeeze on the letter “A” and 
when the patient squeezes on any letter other than “A.”

Number of 
Errors  >2 

Feature 3: Altered Level of Consciousness

Present if the Actual RASS score is anything other than alert and calm (zero) 
RASS

anything other 
than zero

Feature 4:Disorganized Thinking
Yes/No Questions (See training manual for alternate set of questions)

1. Will a stone float on water? 
2. Are there fish in the sea?
3. Does one pound weigh more than two pounds? 
4. Can you use a hammer to pound a nail? 

Errors are counted when the patient incorrectly answers a question.   

Command
Say to patient:  “Hold up this many fingers” (Hold 2 fingers in front of patient)   
“Now do the same thing with the other hand” (Do not repeat number of 
fingers) *If the patientis unable to move both arms, for 2nd

 part of command ask  
patient to “Add one more finger”

An error is counted if patient is unable to complete the entire command. 

Combined 
number of 

errors  >1

Overall CAM-ICU

Feature 1 plus 2 and either 3 or 4 present = CAM-ICU positive

Criteria Met 
CAM-ICU
Positive

(Delirium Present)

Criteria Not Met 
CAM-ICU
Negative

(No Delirium)

Copyright © 2002, E. Wesley Ely, MD, MPH and Vanderbilt University, all rights reserved 

a
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trauma, burn, cardiovascular, and neurological ICU settings [38]. A meta-analysis 
performed by Gusmao-Flores et al. demonstrated excellent accuracy of the CAM-ICU 
with pooled sensitivity of 80% (95% confidence intervals (CI): 77.1–82.6%) and 
specificity of 95.9% (95% CI: 94.8–96.8%) for detecting delirium [39]. Evaluation of 
CAM-ICU features is conducted through objective evaluation. The CAM-ICU has 
been translated in over 30 languages which can be found at www.icudelirium.org/
cibs-center along with training materials and videos.

There is one recent adaptation of the CAM-ICU to highlight [10]. The CAM- 
ICU- 7 is a severity rating scale based on the CAM-ICU assessment. Specific points 
are assigned for each feature. The CAM-ICU-7 scores are categorized as 0–2, no 
delirium; 3–5, mild to moderate delirium; and 6–7, severe delirium [40] (Table 2.1). 
A recent observational study using the CAM-ICU-7 suggests an association between 
delirium severity and worse outcomes (i.e., ICU and hospital length of stay and the 
probability of returning home) [40].

•     Score your patient over the entire shif. Components don’t all need to be present at the same tme. 
•     Components #1 through #4 require a focused bedside patient assessrnent. This cannot be completed when the 
      patient is deeply sedated or comatose (ie. SAS = 1 or 2; RASS = -4 or -5). 
•     Components #5 through #8 are based on observations throughout the entire shift. information from the prior 24 hrs 
      (ie, from prior 1-2 nursing shifts) should be obtained for components #7 and #8.

1.   Altered Level of Consciousness
      Deep sedation/coma over entire shift (SAS= 1, 2; RASS = -4,-5]   = Not assessable 
      Agitation [SAS = 5,6, or 7; RASS= 1-4] at any point                       = 1 point
      Normal wakefulness [SAS = 4: RASS = 0] over the entire shift      = 0 points
      Light sedation [SAS = 3; RASS= -1, -2, -3]:                                    = 1 point (if no recent sedatives)
               = 0 points (if recent sedatives)
2.   Inattention
      Difficulty following instructions conversation, patient easily distracted by external stimuli. 
      Will not reliably squeeze hands to spoken letter A: S A V E A H A A R T 

3.   Disorientation
      In addition to name, place, and date, does the patient recognize ICU caregivers?
      Does patient know what kind of place they are in? 
      (list examples: dentist's office, home, work, hospital)

4.   Hallucination, delusion, or psychosis 
      Ask patient if they are having hallucinations or delusions. 
      (e.g. trying to catch an object that isn't there 
      Are they afraid of the people or things around them?

6.   Inappropriate speech or mood 
      Patient displays; inappropriate emotion; disorganized or incoherent speech; 
      sexual or inappropriate interactions; is either apathetic or overty demanding

7.   Sleep-wake cycle disturbance 
      Either; frequent awakening/< 4 hours sleep at night OR sleeping during much of the day

8.   Symptom Fluctuation 
      Fluctuation of any of the above symptoms over a 24 hr period.

0 Normal
Subsyndromal Delirium

Delirium

1-3

4-8

TOTAL SHIFT SCORE:
(0 – 8)

Score Classification

5.   Psychomotor agitation or retardation 
      Either: a) Hyperactivity requiring the use of sedative drugs or restraints in order to control 
      potentially dangerous behavior (e.g. pulling IV lines cut or hitting staff) 
      OR b) Hypoactive or clinically noticeable psychomotor slowing or retardation

Intensive Care Delirium Screening Checklist Worksheet (ICDSC)

NO 0 1  Yes

1  Yes

1  Yes

1  Yes

1  Yes

1  Yes

1  Yes

1  Yes

0

0

0

0

0

0

0

NO

NO

NO

NO

NO

NO

NO

b

Fig. 2.1 (continued)
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 ICDSC

Intensive Care Delirium Screening Checklist (ICDSC) is an 8-item checklist 
(Fig. 2.1b) validated in 2001 by Bergeron et al. [30]. The ICDSC incorporates both 
a point-of-care focused evaluation by the bedside clinician and evaluation of other 
delirium features manifesting during the remainder of a specified time period (e.g., 
12-h nursing shift). The eight predefined diagnostic criteria as per DSM-IV include 
altered LOC, inattention, disorientation, hallucination or delusion, changes in psy-
chomotor activity (agitation and retardation), inappropriate mood or speech, sleep/
wake cycle disturbances, and symptom fluctuation [30]. Patients are given one point 
for each delirium symptom manifesting over the course of a shift. The ICDSC is 
positive for delirium when at least four out of eight criteria are present. The valida-
tion study performed by Bergeron et al. compared ICDSC to a psychiatric evalua-
tion and reported sensitivity of 99% and specificity of 64% in detecting ICU 
delirium. According to the meta-analysis by Gusmao-Flores et al., the ICDSC has 
good accuracy (area under ROC 0.89) with pooled sensitivity of 74% (95% CI: 
65.3–81.5%) and pooled specificity of 81.9% (95% CI: 76.7–86.4%) [39].

 Incorporating Delirium Assessment into Clinical Practice

Regular monitoring of delirium with a valid and reliable tool allows for enhanced 
detection of delirium and facilitates a coherent clinical plan in which specific man-
agement of the patient’s delirium is planned alongside other aspects of care, thus 
coordinating care and optimizing therapeutic interventions [41–46]. Moreover, 
delirium monitoring can reveal early signs of acute and serious physiologic 

Table 2.1 The confusion assessment method for the ICU-7 delirium severity scale

Items (assessed using CAM-ICU criteria) Grading

1.  Acute onset or fluctuation of mental 
status

0 for absent
1 for present

2. Inattention 0 for absent (correct: ≥8)
1 for inattention (correct: 4–7)
2 for severe inattention (correct: 0–3)

3. Altered LOC 0 for absent (RASS: 0)
1 for altered level (RASS: 1, −1)
2 for severe altered level (RASS: >1, <−1)

4. Disorganized thinking 0 for absent (correct: ≥4)
1 for disorganized thinking (correct: 2, 3)
2 for severe disorganized thinking (correct: 0, 1)

Score 0–2: no delirium
3–5: mild to moderate delirium
6–7: severe delirium

Adapted from: Khan et al. [40]
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problems (e.g., acute disruption to homeostasis, adverse drug effects, organ dys-
function) and stimulate rapid and responsive medical care. Routine delirium moni-
toring can help overcome delirium miscommunications between the multidisciplinary 
team [47] and improve precision of diagnostic understanding and language. This 
enhanced communication is achieved by counteracting the numerous misnomers for 
delirium (ICU psychosis, confusion, and terminal agitation) which downplay the 
significance and severity of delirium and contribute to its under-recognition, poor 
assessment, and inadequate follow-up care [48].

 Assessment Recommendations

Delirium assessment should be performed serially in order to obtain the best picture of 
the patient’s mental status. Delirium assessment can be performed by any healthcare 
professional, although nurses most commonly perform the assessment and should be 
included as part of standard care. The role of nurses in this process is critically impor-
tant due to the nurse’s consistent close patient contact and interaction. Since a key 
feature of delirium is fluctuation, the guidelines recommend delirium evaluation be 
performed at least every shift (e.g., every 8 or 12 h) and each time a change in mental 
status is noted [10, 49]. Delirium assessment can most often be completed in <1 min. 
The result of delirium assessments should be recorded in patient medical record docu-
ments to enable its use for members of the multidisciplinary team.

The assessment of delirium is an important element of general assessment of the 
state of consciousness and is conducted in two stages. The first step is to assess the 
LOC, via either the Richmond Agitation-Sedation Scale (RASS) (see previous chap-
ter for figure) or Sedation Agitation Scale (SAS) (Fig. 2.2). The next step is to assess 
the content of consciousness (i.e., delirium). In cases of coma (e.g., RASS −4, RASS 
−5 or SAS 1, SAS 2), it is impossible to assess for delirium because the patient is 
unresponsive to external stimuli. Coma disqualifies the patient from delirium evalua-
tion. However, a patient can be assessed for delirium if there is any responsiveness to 
verbal stimulation (e.g., RASS −3 to +4 or SAS 3–7). When it is possible to obtain at 
least the beginnings of meaningful reactions (e.g., any response to voice), the content 
of consciousness should be evaluated, and delirium can be assessed.

 Implementation Recommendations

Implementation of routine delirium monitoring requires not only appropriate practi-
cal training (e.g., expert lectures, workshops, case-based scenarios, visual aids, 
mnemonics, bedside teaching) in the ICU environment but also institutional support 
and acknowledgment of the necessity for delirium screening [50]. Implementation 
trials have shown that great importance must be put on follow-up teaching, rein-
forcement, and audits of delirium screening in order to maintain high levels of com-
pliance and reliability many years after implementation [51].
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A “delirium vigilance approach” can enhance implementation success by 
employing altered LOC as a trigger to perform delirium assessment [52], brain 
roadmaps for multiprofessional communication, mnemonics for risk identification, 
and structured documentation systems for quality improvement performance track-
ing [20, 47]. Clinical dashboards can trigger delirium assessment if a patient’s LOC 
meets criteria for delirium assessment (i.e., RASS −3 to +4, SAS 3–7) but delirium 
status has not been documented. The brain roadmap (Fig. 2.3) provides the script for 
communicating delirium assessment results in addition to relevant information to 
guide delirium management discussion during interdisciplinary rounds. Components 
of the brain roadmap communication framework are pain assessment, target and 
actual LOC, delirium assessment, and sedative/analgesic/antipsychotic medications 
received in the previous 24 h [50]. Mnemonics (Table 2.2) [e.g., Dr. DRE, THINK, 
DELIRIUM(S)] can then be applied to guide discussion of predisposing and pre-
cipitating factors contributing to delirium and, thus, determine a patient-centered 
therapeutic management approach. Finally, quality improvement feedback can be 

Pulling at ET tube, trying to remove catheters, climbing 
over bedrail, striking at staff, thrashing side-to-side

Requiring restraint and frequent verbal reminding of 
limits, biting ETT

Anxious or physically agitated, calms to verbal instructions

Calm, easily arousable, follows commands

Difficult to arouse but awakens to verbal stimuli or gentle 
shaking, follows simple commands but drifts off again

Arouses to physical stimuli but does not communicate or 
follow commands, may move spontaneously

Minimal or no response to noxious stimuli, does not 
communicate or follow commands

Dangerous Agitation

Very Agitated

Agitated

Calm and Cooperative

Sedated

Very Sedated

Unarousable

Riker Sedation-Agitation Scale (SAS)

Score

7

6

5

4

3

2

1

Term Descriptor

Fig. 2.2 Sedation Agitation Scale (SAS). Guidelines for SAS Assessment: (1) agitated patients 
are scored by their most severe degree of agitation as described. (2) If patient is awake or awakens 
easily to voice (“awaken” means responds with voice or head shaking to a question or follows 
commands), that’s a SAS 4 (same as calm and appropriate – might even be napping). (3) If more 
stimuli such as shaking are required but patient eventually does awaken, that’s SAS 3. (4) If patient 
arouses to stronger physical stimuli (may be noxious) but never awakens to the point of responding 
yes/no or following commands, that’s a SAS 2. (5) Little or no response to noxious physical stimuli 
represents a SAS 1. This helps separate sedated patients into those you can eventually wake up 
(SAS 3), those you can’t awaken but can arouse (SAS 2), and those you can’t arouse (SAS 1)
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created using data from the medical record. Structured delirium documentation and 
recording delirium components in addition to only the overall assessment result can 
provide data for tracking process and outcome measures for quality improvement 
initiatives to reduce delirium prevalence in addition to monitoring assessment 
reliability.

Drug exposures 

Brain Road Map for Rounds 
(Script for Interdisciplinary Communication)

Skipping any of these steps could leave the clinical team wanting 
more information!

Investigate 
(Ask these questions)

Where is the patient going?

Where is the patient now?

How did they get there?

Report 
(only takes 10 seconds)

Target level of consciousness (RASS, SAS)

Actual level of consciousness (RASS, SAS) 
Delirium assessment (CAM-ICU, ICDSC) 
Pain assessment (NRS, CPOT, BPS)

Fig. 2.3 The brain roadmap for rounds. (Adapted from www.icudelirium.org)

Table 2.2 Mnemonics for delirium

Dr. DRE
Strategies to consider when 
delirium is present

Dr Diseases (sepsis, COPD, CHF)
DR Drug removal (especially sedatives)
E Environment (immobilization, sleep, day/night variation, 
hearing aids, glasses)

THINK
What to THINK about when 
delirium is present

T Toxic situations (heart failure, shock, dehydration, 
deliriogenic meds [especially sedatives], new organ failure)
H Hypoxemia
I Infection/sepsis, immobilization
N Nonpharmacological interventions (sensory aids, 
reorientation, sleep, music, noise control, ambulation)
K+ or electrolyte problems

DELIRIUM (S)
Differential diagnosis for 
patients with delirium
(Remember: delirium usually 
has more than one cause)

D Drugs
E Eyes, ears, other sensory deficits
L Low O2 states (heart attack, stroke, pulmonary embolism)
I Infection
R Retention (urine or stool)
I Ictal state
U Underhydration/undernutrition
M Metabolic causes (diabetes, postoperative state, sodium 
abnormalities)

Used with permission from www.icudelirium.org
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 Interprofessional Approach to Delirium Management

The PAD-IS guidelines recommend using a multidisciplinary ICU team approach to 
facilitate pain, agitation, and delirium management [10, 49]. The ABCDEF bundle, 
a group of evidence-based critical care practices, provides a framework for imple-
mentation of this recommendation. This bundle emphasizes essential routine patient 
assessments (i.e., pain, LOC, delirium) and prioritizes key interventions (e.g., seda-
tion cessation, spontaneous breathing trials, early mobility). Implementation of the 
ABCDEF bundle maximizes the likelihood of successful patient engagement in 
each individual bundle component. Outcomes associated with ABCDEF bundle 
implementation include reduced duration of delirium and mechanical ventilation 
and a higher likelihood of early mobilization and hospital survival [11–14].

 Conclusion

Delirium monitoring should become part of routine clinical care for every ICU 
patient. Validated simple and quick assessment tools are available for routine use 
by non-psychiatric personnel. The choice of which validated delirium assessment 
tool and implementation process to use is dependent on patient needs, goals of care, 
and organizational structure. Regular monitoring of delirium allows an enhanced 
detection of delirium that could facilitate the clinical management of the patient 
leading to improved patient outcomes and increased awareness of early signs of 
acute and serious physiological problems, thus stimulating rapid and responsive 
medical care.
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 Introduction

Delirium is common in critically ill patients. It is characterized by a transient, fluc-
tuating, altered mental state and thought to be a manifestation of acute brain dys-
function [1]. Symptoms of delirium include disturbances or disruptions in 
consciousness, attention, and thinking [2]. Delirium has multiple interacting etiolo-
gies, resulting in a multitude of risk factors that predispose or precipitate delirium 
in vulnerable patients. While this clinical syndrome may resolve in the hospital, 
patients who develop delirium are at a significantly higher risk for adverse events 
during hospitalization and following hospital discharge [3]. This chapter provides 
an overview of the prevalence, incidence, risk factors, and outcomes of delirium in 
critically ill adult patients.

 Prevalence

Patients admitted to the intensive care unit (ICU) experience acute brain dysfunc-
tion which can manifest as the clinical syndrome of delirium. The overall preva-
lence of delirium in critically ill patients varies across different populations studied 
and ranges from 16% to 89% a [4, 5]. The clinical presentation of delirium is varied 
from patient to patient or often in the same patient on different days. Motoric and 
other delirium subtypes are described in more detail in Chap. 1; however, the most 
common motoric subtypes of delirium are hypoactive (symptoms of drowsiness, 
inactivity [~40% of cases]) and mixed (~50%); sole hyperactive (e.g., symptoms of 
restlessness, agitation) delirium is the least common. [3] Major contributing factors 
for differences in delirium prevalence include patient precipitating factors (e.g., 
baseline vulnerability, severity of disease), the ICU case mix (patient type: medical, 
surgical, trauma), and severity of ICU stressors (e.g., mechanical ventilation dura-
tion, sedation/analgesia), which are described later in this chapter. Prevalence and 
incidence estimates are also affected by the delirium screening tool used, frequency 
of screening, and administrator competence. The delirium screening and assess-
ment tools recommended for use in critically ill patients are described in more detail 
in Chap. 2.

As the North American population continues to age, increasingly older (age 
>65 years) and vulnerable adults are admitted to the ICU, constituting more than 
half of all ICU admissions and ICU days [6, 7]. By extension, there are more 
patients being admitted to the ICU with multiple, interacting, chronic conditions. 
Pre- existing cognitive decline is common among older ICU patients which may 
result in a higher prevalence of delirium among this age group. In a study of 304 
patients admitted to a medical ICU who were at least 60 years old, patients were 
considered to have dementia if they scored >3.3 with the Short Form of Informant 
Questionnaire on Cognitive Decline in the Elderly (IQCODE) by a patient proxy 
[8]. The authors found that 86 of 92 patients (93%) with dementia experienced 
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delirium within the first 48 h of their admission. However, another study demon-
strated that only 41% of patients with dementia (n = 36) experienced delirium, 
while 26% of patients without dementia had delirium (n  =  83) [9]. The small 
sample sizes of the studies could account for these differences. Even so, it appears 
that significant cognitive vulnerability at baseline results in a higher delirium 
prevalence when critical illness develops.

Delirium is common in mechanically ventilated patients, although accurate 
delirium diagnosis is hindered by limited communication between the patient and 
healthcare provider or the researcher. The Confusion Assessment Method for the 
ICU (CAM-ICU) [10] and Intensive Care Delirium Screening Checklist (ICDSC) 
[11] are the two best studied and most widely utilized scales in clinical practice 
(described in more detail in Chap. 2) [1]. Earlier studies have reported a higher 
prevalence of delirium in mechanically ventilated patients (80%) [12–14] com-
pared to those not requiring mechanical ventilation (20–50%) [1]. In a study that 
assessed delirium using the CAM-ICU, the prevalence of delirium was over 80% 
among mechanically ventilated patients (N  =  111). However, delirium was 
detected in approximately 40% of nonventilated, alert patients, who were initially 
considered cognitively intact [10]. Other reports have observed slightly higher 
estimates of patients who were not mechanically ventilated, approximately half of 
medical ICU patients [15]. The need for mechanical ventilation could be a surro-
gate of severity of illness such that delirium is a consequence of higher morbidity. 
The multicenter Delirium Epidemiology in Critical Care (DECCA) study is a 
large cohort of patients who evaluated ICU patients using the CAM-ICU screen-
ing test [1]. The study population (N = 975,497) consisted of 64% of patients with 
a medical condition, 22% with an elective surgical procedure, and 14% with an 
emergent diagnosis [1]. After excluding the deeply sedated and unarousable 
patients with a Richmond Agitation- Sedation Scale (RASS) score of −3 to −5, 75 
of 232 (32%) patients were diagnosed to have delirium [1]. This finding is in 
agreement with the results from a previous systematic review and meta-analysis, 
which included studies evaluating ICU, non- cardiac surgical patients who were 
assessed with a validated delirium screening tool. A meta-analysis of 16,595 
patients (n = 42 studies) identified that the prevalence of delirium was 32% [16]. 
These large-scale studies provide a real-world picture of delirium prevalence 
across different critical care settings.

 Risk Factors

Risk factors for delirium are typically separated into predisposing factors, (which 
increases a patients’ risk for developing delirium (e.g., older age, disease burden, 
functional status) and precipitating  factors  (e.g., surgery, mechanical ventilation, 
sleep disturbances). Risk factors described in this chapter are provided in Table 3.1 
and Fig. 3.2.
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 Predisposing Factors

Older age of critically ill adults (>65 years old) is associated with an inflection point 
of an increase in incidence of delirium [3, 17, 18]. Indeed, hospitalized patients who 
are 65 years or older have more than twice the risk of developing delirium compared 
to their younger counterparts [18]. This finding is not necessarily surprising as 
comorbidity burden, which also contributes to delirium risk, increases with older 

Table 3.1 Associations between risk factors and delirium

Risk factor
Deleterious 
association

Protective 
association

No 
association

Predisposing risk factors

Older age [3, 17, 18]a

Sex (male) [20]b [17]b

Severity of illness [19]a

Hypertension [17, 18]b

Hypercholesterolemia [20]b

Alcohol consumption [18]b [23]
Smoking [17, 18]b

Hypoalbuminuria [24]
Frailty [25, 26, 27]
Dementia/cognitive impairment [3, 17, 19]a

Depression [28]
Psychotropic drug use [28]
Precipitating risk factors

Emergent event [3, 17, 19]a, b

Length of surgical operation [20]b

ICU length of stay [20]b

APACHE II score [18]b

Sedatives/analgesics
Benzodiazepine use [30, 33]
Long-term drug exposure [23]
↑Nighttime sedatives [31, 32]
Sedative-induced coma [17]b

Short-action sedatives (e.g., 
dexmedetomidine)

[3, 17, 36, 37]a, b

Statins [21]a [22]b

ICU sleep quality [3, 19]a [29]
Sleep aids [29]
Physical restraint use [19]a

Pain [3]a

aIndicates non-systematic review
bIndicates systematic review and/or meta-analysis
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age. In fact, overall comorbidity and severity of illness are shown to increase the 
risk of delirium by 1.3 to 5.6-fold in the non-cardiac critically ill population [19]. 
Hypertension has been associated with a risk of delirium in the ICU, with almost a 
doubling in the observed incidence of delirium [17, 18]. Conversely, hypercholes-
terolemia was previously shown to reduce the risk of delirium in vascular surgery 
patients [20]. This counterintuitive finding could be due to the proposed delirium- 
protective effect of statin use among vascular surgical patients having higher ath-
erosclerotic burden in the vascular surgical patients, rather than the burden of high 
cholesterol [21], although this hypothesis is controversial [21, 22].

The evidence is conflicting whether there are differences in delirium risk between 
males and females among critically ill patients. This may be related to specific patient 
populations (e.g., older medical patients vs. younger trauma patients) and subtypes of 
delirium. A systematic review examining non-cardiac surgical, critically ill adults 
found no differences in the risk of delirium between males and females [17], whereas 
a meta-analysis of 11 studies (n = 2777 patients) admitted for vascular surgery revealed 
a 30% increased odds of developing delirium for males [20].

There are limited data regarding the impact of behavioral factors prior to hospital 
admission on delirium risk. Alcohol abuse and/or dependence is associated with a 
more than twofold increased risk of delirium in the critically ill patients [18]. A 
multicenter observational study of patients admitted to medical, surgical, cardiac, 
neurologic, and trauma ICUs, however, did not confirm this association [23]. 
Similarly, while low brain oxygen saturation is thought to be a plausible mechanism 
that leads to delirium, smoking has not been consistently associated with increased 
delirium risk [17, 18].

Severe hypoalbuminemia, defined as serum albumin of ≤30.0 g/L, a surrogate 
measure of a poor nutritional state, was significantly associated with a threefold 
higher odds of delirium risk compared to patients admitted to the ICU after non- 
cardiac surgery [24]. While there are limited data on what mechanisms drive 
the delirium risk among patients having a poor nutritional state, it is thought that 
malnutrition negatively impacts cerebral function [24].

Low physiologic (e.g., functional and cognitive) reserve is associated with an 
increased risk of delirium in patients with a critical illness. Frailty, depending on the 
measurement tool used, resulted in a three-(measured by a frailty index) to eightfold 
(measured by the Short Performance Physical Battery) increased risk of delirium in 
the ICU among patients who underwent elective cardiac surgery [25, 26]. Single 
markers of frailty including slow gait speed and weak grip strength were also shown 
to be associated with a higher delirium risk independent of age, activities of daily 
living (ADL), and previous cardiovascular disease among patients admitted to an 
acute geriatric unit [27]. Clinical diagnosis of dementia and cognitive impairment 
prior to hospitalization increase the risk of delirium in the older general medicine 
and surgical (cardiac and non-cardiac) population [3, 17, 19]. There is also emerg-
ing evidence that depression or use of psychotropic drugs is linked with a higher 
delirium risk in the ICU [28]. The pathophysiological link between low functional 
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and cognitive reserve, as well as psychopathology (i.e., depression and psychotropic 
drug use), is likely due to the interference of neurotransmission through a system-
atic activation of pro-inflammatory cytokines, at least indirectly, that may already 
be impaired at baseline [19].

 Precipitating Risk Factors

There are a multitude of contributing factors that precipitate delirium in acutely ill 
hospitalized adults [17]. Generally speaking, more significant insults such as inva-
sive surgery compared to elective procedures or events requiring mechanical ventila-
tion are associated with a higher risk of developing delirium [3, 19].

 Severity of Illness

Factors relating to severity of illness and medical and surgical treatment require-
ments impact delirium risk. A meta-analysis revealed that every additional point in 
the Acute Physiology and Chronic Health Evaluation II (APACHE II) score was 
associated with a 1.13 (95% CI 1.06–1.21) increased odds of developing delirium 
among patients admitted to the ICU [18]. The length of operation for vascular surgi-
cal patients was not associated with delirium; however, the length of time spent in 
the ICU was significantly associated with delirium, and each additional day increase 
in ICU length of stay was associated with a higher delirium risk (mean difference of 
1.06 [95% CI 0.39–1.73]) [20].

 Pharmacological Agents

Sedation and analgesic agents impact the risk of delirium in the ICU. Continuous 
benzodiazepine and opioid infusions in critically ill patients are significantly associ-
ated with a higher odds of delirium transition (OR 4.02 [95% CI 2.19–7.38]) [29]. 
Further, higher doses of benzodiazepines increased the risk of transitioning to either 
delirium or a coma by 1.2-fold, independent of demographics, comorbidity, and 
severity of illness [30]. Prolonged drug exposure (≥48 h) to benzodiazepines (HR 
1.08 [95% CI 1.04–1.12]) per 5 mg midazolam-equivalent increment) and anticho-
linergic drugs (HR 2.45 [95%CI 1.08–5.54]) has been shown to increase delirium 
risk [23]. Increasing the dose of benzodiazepine during nighttime may also be haz-
ardous (2.5-fold increased odds of delirium), and this practice is estimated to occur 
in 40% of patients (23.3 mg higher than daytime doses) receiving mechanical ven-
tilation [31, 32]. Delirium risk is increased while in the ICU by the number of days 
spent in a sedative-induced coma [17], and early deep sedation within the first 48 h 
was significantly associated with increased risk [33–35]. A plausible mechanism for 
increased delirium risk is prolonged drug exposure leading to drug accumulation 
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due to changing volumes of distribution and renal or hepatic insufficiency com-
monly seen in critically ill patients.

Other non-benzodiazepine and opioid agents such as dexmedetomidine have 
been associated with a lower risk of developing delirium in surgical and in general 
medical conditions [3, 17], with a strong relative risk reduction among cardiac 
surgery patients (0.35 [95% CI 0.20–0.62]) [36]. A multicenter randomized trial 
found that mechanically ventilated patients receiving dexmedetomidine had a sig-
nificantly lower prevalence of delirium compared to patients receiving midazolam 
(54% vs. 77%) [37]. Another randomized trial found that dexmedetomidine led to 
a decreased incidence and duration of postoperative delirium compared to propo-
fol in patients after cardiac surgery [38]. The protective effects of dexmedetomi-
dine on delirium risk are thought to be due to decreased sympathetic tone, 
decreased inflammation, and less disturbed sleep [36], although it has been sug-
gested that dexmedetomidine administration simply attenuates delirium risk 
because of a reduction in exposure to gamma-aminobutyric acid (GABA) agonist 
agents (i.e., benzodiazepines, propofol) [17, 39].

The evidence is less clear regarding the role of HMG-CoA reductase agents 
(a.k.a. statins) and their association with delirium risk. Previous reports have sug-
gested that statins may have a protective effect through reductions in oxidative 
stress and apoptosis [21]. In a study by Mather and colleagues, patients admitted to 
a medical ICU who were propensity matched for comorbidities determined that 
statin users had a significant decreased odds of developing delirium (OR 0.47 [95% 
CI 0.38–0.56]) compared to those who did not use statins [21]. Two additional pro-
spective cohort studies also found benefit with statin administration [40, 41]. 
However, this protective association is not consistently demonstrated in critically ill 
patients. Three randomized controlled trials found no difference in delirium between 
statin and placebo [42–44]. A meta-analysis (n = 4382 patients) demonstrated no 
association of delirium risk with exposure to statins in cardiac surgery patients and 
in otherwise critically ill patients (n = 289,773 patients) [22]. The authors of that 
meta-analysis also discuss that the doses of statins administered in the included 
studies were significantly lower than what is recommended for the prevention of 
cardiovascular disease events [22]. Therefore, it is plausible that statins have a dose- 
dependent effect on delirium risk reduction, but this has not been fully established 
in the extant literature.

 Sleep Deprivation

Other factors related to the care of critically ill patients may impact delirium risk. 
There is some evidence to suggest that sleep quality in the ICU has an effect on 
delirium risk [3, 19]. However, patient-perceived sleep quality in the 24 h pre-
ceding delirium was not associated with risk for developing delirium in hospital. 
[29] Rather, the use of pharmacological sleep aids at home prior to hospital 
admission were shown to be independently associated with a reduced risk of 
delirium development.
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 Outcomes

Delirium in critically ill patients has been associated with adverse outcomes, which 
are described below and displayed in Fig. 3.1. The exact pathophysiology surround-
ing delirium occurrence and its impact on in-hospital and post-discharge outcomes 
has yet to be determined [45, 46].

 Mortality

The impact of delirium on inhospital mortality is unclear. A meta-analysis of 28 
studies found that critically ill patients presenting with delirium were twice as likely 
to die in the hospital compared to patients without delirium (risk ratio 2.19 [95% CI, 
1.78–2.70]) [16]. These findings were consistent even after adjusting for confound-
ers such as age, baseline severity of illness (APACHE II score), and female sex. In 
contrast, a prospective study of 1112 patients admitted to the ICU (50% had at least 
one episode of delirium) revealed no association between delirium occurrence and 
inhospital mortality after adjusting for disease severity before the onset of delirium 
[47]. Nonetheless, a sensitivity analysis in that study demonstrated a strong associa-
tion between persistent delirium (>2 days) and inhospital mortality risk [2], sug-
gesting that persistent delirium lasting at least 48 h increases the risk of inhospital 

Mortality

Twice more likely to
die in hospital 1

2 days longer length
of hospital stay 2

A day longer length
of ICU stay 3

Cognitive Impairment Functional decline

Eating Bathing Dressing

Walking or
moving around

ToiletingTransferring

85% of delirious patients
experienced decline in ADLs5

Increase in anxiety, depression
and PTSD6

Long-term Psychological Distress

Worsen cognitive and Executive
function scores at 3 and 12
month4

In-hospital outcomes

Hospital Length of Stay ICU Length of Stay

Discharge outcomes

Fig. 3.1 Adverse in- hospital and post discharge among critically ill patients experiencing delir-
ium (Salluh et al. [16], Thomason et al. [15]. Salluh et al. [1]. Pandharipande et al. [60]. Khan [65]. 
Marra et al. [75])
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mortality. Interestingly, one study showed that rapidly reversible delirium resulting 
from sedation was not associated with a higher inhospital mortality risk [48]. 
However, while randomized controlled trials using pharmacological (e.g., dexme-
detomidine, antipsychotic, rivastigmine, clonidine) and non-pharmacological (e.g., 
spontaneous awakening, early mobilization, increased perfusion) interven-
tions reduces delirium duration, they were not shown to reduce mortality rates com-
pared to placebo or control group participants [49]. It is possible that such 
interventions which result in shorter delirium duration do not completely alleviate 
acute brain or associated multi-organ dysfunction [49]. Even so, persistent delirium 
is significantly associated with worse inhospital outcomes.

Delirium has a negative health impact that continues beyond hospital discharge 
among patients with a critical illness [6]. In fact, after controlling for age, illness 
severity, cognition, and functional status, delirium has been shown to increase 
1 year mortality risk following hospital discharge [6]. That study also reported that 
the duration of delirium contributed to a higher mortality risk following hospital-
ization, in so much that each additional day with delirium was associated with a 
10% increased risk of mortality (HR 1.10 [95% CI 1.02–1.18]). A prospective 
study of ICU survivors found a nonsignificant increase in post-discharge mortality 
in those with delirium during the hospital stay (HR 1.26 [95% CI 0.93–1.71]) [50]. 
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Fig. 3.2 The trajectory of cognitive decline secondary to acute insults (precipitating factors) 
among patients with/without preexisting vulnerability (predisposing factors): There is age-associ-
ated cognitive decline among older adult patients. The acute stressor events in such patients will 
result in further decline in cognitive functioning (patient 1). However, among patients with higher 
vulnerability (i.e., multiple predisposing factors), there is a  preexisting cumulative cognitive 
decline. Such patients experiencing acute insult are at higher risk of developing acute brain dys-
function (i.e., delirium) (patient 2)
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A meta-analysis of older adults (>65 years old) experiencing delirium (7 studies, 
n  =  2957) demonstrated that patients experiencing delirium in the ICU had an 
increased risk of death at 2-year post-discharge (HR 1.95 [95% CI 1.51–2.52]) 
[51]. The risk of mortality appears to be at its highest in the short term. In an analy-
sis of 26,245 delirious and 262,450 randomly selected controls who were dis-
charged from the emergency department, adjusted 30-day mortality was 
significantly higher (HR 4.82 [95% CI 4.60–5.04]) compared to 12-month mortal-
ity (HR 2.07 [95% CI 2.01–2.13)]) [52]. The mitigated long-term mortality risk at 
1 year following hospital discharge may suggest that patients who recover success-
fully from their previous critical illness have a more favorable long-term progno-
sis, although more required data are needed to confirm this hypothesis.

 ICU and Hospital Length of Stay

Delirium in critical care patients independently predicts a longer ICU and hospital 
length of stay [12]. A meta-analysis of 42 studies showed that patients with delirium 
have a longer ICU (standard mean difference 1.38 [0.99–1.77]) and hospital stay 
(0.97 [0.61–1.33]) compared to patients without delirium [16]. Patients who experi-
enced delirium at any time during their hospital stay were in the hospital for 2 days 
longer and a day longer in the ICU compared to those who never experienced delir-
ium [15]. The duration of delirium may also contribute to a longer hospital stay in 
so much that each additional day with delirium was associated with an additional 
1.18  days in the hospital. [12] In turn, delirium is associated with a higher  cost 
related to longer ICU and hospital stay, approximately a 1.4-fold and 1.3-fold 
higher, respectively [53].

 Psychological Burden in Patients and Family Caregiver

The critical care patient and their family caregivers experience extreme levels of 
acute psychological distress. However, the emotional consequence for the delirious 
patients and their caregiver has not been studied extensively, partly because of the 
lack of sufficient instrumentation which can adequately assess subjective perception 
of stress while also quantifying the emotional burden among delirious patients and 
their caregivers. A previous study evaluating the experiences of patients who had a 
delirium episode reported that only 28% remembered the episode and recollected 
being confused, fearful, and anxious. In addition, patients reported experiencing 
visual hallucinations [54]. A recent prospective study of medical and surgical hos-
pitalized patients who were at least 70 years old also demonstrated that both the 
patient with delirium and their caregiver reported significantly higher emotional 
burden [55].
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 Post-intensive Care Syndrome

Post-intensive care syndrome (PICS) is an umbrella term for acute onset (or aggra-
vation of preexisting) cognitive, physical, and psychological impairment that per-
sists among ICU survivors following critical illness [56, 57]. Although the precise 
prevalence of PICS is still a source of significant investigative interest, current esti-
mates suggest that more than 50% of the ICU survivors will experience some com-
ponent of PICS [58–61]. Delirium occurrence has been associated with an increased 
incidence of different domains of PICS, including higher burden of cognitive and 
functional impairment as well as psychological distress among patients and their 
family caregiver [62].

 PICS-Cognitive Dysfunction

Critically ill patients experiencing delirium frequently have prolonged cognitive 
impairment following hospital discharge [16, 63]. The resulting cognitive impair-
ment may not resolve for an extended period of time, and it is possible that the 
patient may not achieve prehospital cognitive status [63]. Indeed, a study found that 
longer delirium duration was associated with worse cognitive function, including 
global cognition and executive function, at 3 and 12 months following hospital dis-
charge [60]. Another study of mechanically ventilated medical ICU survivors 
(n = 77) experiencing delirium aligns with these findings which demonstrated that 
79% and 71% of patients with delirium had cognitive impairment on neuropsycho-
logical testing at 3 and 12 months following hospitalization, respectively [63]. A 
large (n = 1101) 12-month follow-up study revealed that delirious (n = 412) patients 
had a higher odds of mild (OR 2.41 [95% CI 1.57–3.69]) and severe (OR 3.10 95% 
CI [1.10–8.74]) cognitive dysfunction compared to the non- delirious critical care 
survivors (n = 689) [50]. As a result of a new cognitive impairment, the critically ill 
patient may experience additional negative outcomes that impact socialization with 
others and their overall quality of life [64].

 PICS: Functional Impairment

The occurrence of delirium has been associated with an increased risk of long-term 
limitations in activities of daily living (ADL) in critical illness survivors. In a small 
study (n = 27) of adults 65 years or older who were delirious during their hospital 
stay, ADLs were evaluated 3 months post-discharge. The study revealed that 85% of 
patients experienced a decline in their ADLs and 52% experienced worse instru-
mental ADLs (IADLs) compared to their prehospital status with a mean difference 
of 1.1 for ADLs and a 3.0 for IADLs based on the Katz and Lawton ADL scale [65]. 
Evidence also suggests that the prolonged delirium (>5 days) linearly increases the 
probability of having a disability in ADLs at 12 months from hospital discharge 
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[58]. The milieu of inhospital complications which result in delirium (e.g., longer 
ICU and hospital stay, sleep disturbances, use of physical restraints) and overlap in 
potential inflammatory pathophysiologic mechanisms may explain why delirium is 
associated with worse ADLs [66, 67].

 PICS: Psychological Distress

The neuropsychological sequelae that occur following a critical care admission are 
numerous and can be highly distressing for patients and their families. Depression, 
anxiety, and post-traumatic stress disorder (PTSD) are common among critical care 
survivors. A study of patients with community acquired pneumonia and acute respi-
ratory distress syndrome demonstrated that longer duration of delirium was associ-
ated with a higher risk of developing PTSD.  Moreover, a series of studies have 
revealed that patients developing PTSD following critical illness had significantly 
lower mental health scores [68–70]. However, symptoms of PTSD for patients who 
experience delirium may not persist 1 year following hospital discharge [71].

 Discharge Health-Related Quality of Life

To understand the long-term implications of delirium in critically ill patients, health-
related quality of life (HRQoL) needs to be elucidated. A number of studies have 
not found an association between developing delirium in the hospital and poor qual-
ity of life following hospital discharge [50, 64, 72, 73]. However, patients with dif-
ferent subtypes of delirium reported disparate levels of quality of life following 
hospital discharge. Participants with hyperactive and mixed delirium were more 
likely to have poor health-related quality of life compared to patients with hypoac-
tive delirium after adjusting for urgency and severity of illness, as well as ICU and 
hospital length of stay [64]. The small number of investigations to date drive the 
need for further study to elucidate the impact of delirium on health-related quality 
of life following hospital discharge. Furthermore, the studies here have excluded the 
most severely ill who would have likely had the worst health-related quality of life 
compared to the analyzed sample.

 Institutionalization After Discharge

Delirium in the critically ill patient is associated with diminished independence fol-
lowing hospital discharge and necessity for placement in a long-term care facility. 
In a study of 700 older adults (>65 years old) admitted to the emergency department 
requiring ICU care, only 9% (56/613) of patients who were not delirious were dis-
charged to a chronic care facility compared to 37% (23/63) of delirious patients, 
representing a fourfold increased (unadjusted) odds in the delirious patient 
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requiring additional care [74]. A meta-analysis of 7 studies (n = 2579 patients) with 
an average 14-month follow-up supports this finding that delirium increases the risk 
of institutionalization [51]. The analyses revealed that patients that experience delir-
ium are more likely to be placed in a long-term care facility (OR 2.41 [95% CI 
1.77–3.29]) compared to those who did not experience delirium in hospital. Indeed, 
the patients who experience delirium should be considered at an especially higher 
likelihood to require institutional care following hospital discharge, and, conse-
quently, requiring additional healthcare resources compared to their non-delirious 
peers.

 Conclusion

Delirium is common in the critically ill patient, but the reported prevalence esti-
mates vary significantly (16–89%) across conditions, the type of screening and 
assessment tool used, and the number of predisposing and precipitating risk factors 
present. Delirium has a negative impact on health outcomes in the hospital and 
 following hospital discharge, although more evidence is needed to confirm the long-
term consequences of ICU delirium. The early identification of risk, therefore, is 
essential to facilitate the healthcare team in developing prevention and management 
strategies for this syndrome.
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Learning Objectives
After reading the chapter, individuals will be able to:

• Describe the epidemiology of common psychiatric conditions after critical 
illness

• Articulate the relationship between delirium and depression and PTSD
• Explain the clinical relevance of an association between delirium and men-

tal health conditions
• Recognize the need for more focused research delirium and psychiatric 
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 Introduction

Delirium is a neurological syndrome marked by an acute disturbance of conscious-
ness with inattention and a change in cognition or perceptual disturbance that fluc-
tuates over time. Delirium affects up to 80% of elderly patients and the risk of 
delirium increases consistently with increased age [1]. Delirium is associated with 
a wide array of adverse outcomes such as longer hospital lengths of stay, greater 
length of mechanical ventilation, and increased mortality in the ICU and hospital. 
Delirium has long been associated with negative consequences even after hospital 
discharge including discharge to a nursing home, increased risk of death over 
2  years, as well as incident dementia [2]. While delirium has consistently been 
shown to be related to deficits in cognition [3] (with questions persisting related to 
whether it is simply a marker of injury or fundamentally injurious), less is known 
regarding the association between delirium and a wide array of mental health diffi-
culties (the three conditions typically studied in ICU survivors are anxiety, depres-
sion, and PTSD [post-traumatic stress disorder], not necessarily in that order) [4]. 
Figure 4.1 describes the overlap of symptoms of PTSD, major depressive disorder 
(MDD), and delirium. However, early evidence suggests the possibility of linkages 
of various kinds between delirium and psychiatric phenomena, and this notion 

Delirium
-   Direct physiological consequence of another medical
    illness, substance intoxication / withdrawal, exposure
    to toxin, etc.
-   Acute onset
-   Fluctuating course
-   Disorientation
-   Change in language, visuospatial abilities, etc.

Post Traumatic Stress Disorder (PTSD)
 -   Caused by exposure to traumatic event
 -   Flashbacks  or intrusive distressing memories
 -   Nightmares
 -   Psychological and / or physiological “reactivity”
     or irritability to triggers that resemble an aspect
     of traumatic event
 -   Hyper-vigilance or exaggerated startle
 -   Avoidance of memories, thoughts or people,
     places, etc. that are associated with traumatic
     event
 -   Inability to remember aspects of event
     (“dissociative amnesia”)

Delirium, PTSD and MDD
-  Distorted cognition (including delusions)
-  Impaired recall (memory) 
-  Negative emotional state
-  Irritable behavior or angry outbursts
-  Poor concentration 
-  Sleep Disturbance 
-  Perceptual abnormalities (“hallucinations”)

PTSD and MDD
-   Negative beliefs or cognitions about self
    or others
-   Inability to experience pleasure or joy
-   Detachment, estrangement from others
-   Lack of interest in activities 
-   Reckless or self destructive behavior

Major Depressive Disorder (MDD)
-   Significant change in weight (increase
    or decrease)
-   Feelings of worthlessness  or inappropriate
    guilt
-   Suicidal thoughts or actions

Fig. 4.1 Overlap of signs and symptoms of delirium, post-traumatic stress disorder, and major 
depressive disorder. During an episode of delirium, patients may experience significant anxiety 
and mood disturbances, and following an episode of delirium, they remain at an elevated risk to 
develop symptoms of PTSD or MDD
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certainly fits with the experience of seasoned clinicians working with patients fol-
lowing critical illness and other settings in which delirium is a central problem [5]. 
While a clear imperative exists to treat delirium as a major public health concern, if 
it is the case that delirium contributes to sequelae of a psychiatric nature, this 
urgently underscores the importance of finding solutions to prevent and reduce this 
condition, as doing so may greatly reduce the burden of emotional distress in indi-
viduals after the ICU. In the pages that follow, we will describe the epidemiology of 
common psychiatric conditions in survivors of critical illness, engage issues related 
to their intersection with delirium, and offer practical solutions for clinicians and 
recommendations for researchers related to delirium and mental health conditions.

 General Anxiety

General anxiety symptoms are exceedingly common among survivors of critical 
illness, with approximately half of all ICU survivors reporting marked and clini-
cally meaningful symptoms of anxiety up to a year after discharge – a number much 
higher than the general population’s prevalence [6–7]. Although anxiety is often 
quite a normal reaction in the context of stress, it can interfere with and impede 
recovery in multitudinous ways. Symptoms of anxiety during critical illness can 
have a negative impact on post-ICU psychological functioning and are associated 
with longer-term PTSD and worse quality of life. While relatively little is known 
regarding risk factors for ICU-related anxiety, published risk factors to date include 
demographic and historical variables (e.g., younger age, female gender, premorbid 
history of anxiety); in-ICU medical and physiological variables (e.g., length of 
mechanical ventilation, illness severity, sedation management); and environmental 
variables (e.g., stressful/noisy/chaotic ICU environment) as increasing the likeli-
hood of anxiety [8]. Somewhat surprisingly, no investigations to date have formally 
explored the relationship between anxiety as a predisposing risk factor for delirium 
and, alternatively, whether delirium in the ICU is associated with a greater likeli-
hood of anxiety after discharge, perhaps because anxiety, itself, has been studied 
less than PTSD and depression after critical illness, in particular. As such, we will 
devote little attention to issues related to delirium and anxiety, focusing instead on 
issues related to PTSD and depression.

 Acute and Post-traumatic Stress

PTSD is a syndrome that develops, by definition, in response to exposure to a trauma 
or highly stressful event (in this chapter, we will refer to this “trauma” as the experi-
ence of critical illness and intensive care treatment). Although it was long character-
ized as an anxiety disorder, this is no longer the case. Critical  illness survivors can 
develop acute stress symptoms during the course of  hospitalization (acute stress 
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disorder is distinct from PTSD with regard to duration of symptoms) and post-
traumatic stress (PTS) symptoms afterward [9, 10]. PTS symptoms are described as 
symptoms of PTSD without meeting full criteria for PTSD and may include symp-
toms such as flashbacks, nightmares, unwanted upsetting memories, negative affect, 
inability to recall key features of the trauma, insomnia, irritability, etc. It has been 
estimated that at least 20% of ICU survivors experience clinically significant symp-
toms of PTS during the 1st year after ICU discharge, which is substantially higher 
than the overall prevalence of these symptoms among individuals in North America 
and the world [9, 11]. Although these symptoms are often expressed following com-
bat, sexual assault, or a traumatic injury, they also can be a reaction to exposure to 
critical illness and/or the ICU environment. They may be related to disturbing mem-
ories of events that appear “real” to patients but which did not, in fact, actually hap-
pen in the way they are recalled (these have been termed “delusional memories”) or, 
potentially, to delirious states experienced during hospitalization. See below for a 
more detailed list of risk factors [9, 12]. PTS symptoms after critical illness often 
include fear of recurrence of the medical condition and/or functional decline that 
could result in another fear-invoking hospitalization. Avoidant symptoms tend to 
predominate and manifest as denial of difficulties, apprehension about discussing 
any signs or symptoms of a possible medical condition with providers, and reluc-
tance to seek help in the first place. Patients often avoid medical appointments and, 
as a result, may experience greater severity of chronic conditions that have gone 
untreated.

To meet diagnostic criteria for a formal diagnosis of PTSD, individuals must 
report complaints across a range of dimensions including intrusion, avoidance, neg-
ative changes in cognition or mood, and arousal/avoidance. These symptoms must 
be present for at least 1 month after exposure to trauma, and they must contribute to 
some degree of meaningful clinical impairment [13]. As a brief aside, although 
PTSD is often thought of in “all-or-nothing” terms, symptoms of PTSD fall at points 
on a spectrum [14]. To be sure, the Diagnostic and Statistical Manual of Mental 
Disorders 5th Edition (DSM-V) provides a very specific definition of PTSD which 
must be met for individuals to have a formal “PTSD” diagnosis. However, even 
isolated PTSD symptoms can have a profound impact on individuals and, in some 
cases, can be disabling.

To provide a clinical example of such cases, one of us (JCJ) worked with a patient 
many years ago who had classic avoidant features in the absence of other significant 
symptoms. Mr. Smith (not his real name) had undergone a particularly stressful 
emergency surgery in which he almost died. In the year after this surgery, he devel-
oped a bunion on his foot that made it difficult to walk and was beginning to con-
tribute to problems at his job (which involved walking up to 5 miles a day). After an 
evaluation with a podiatrist, he was advised that his bunion could be easily removed 
via a “bunionectomy” – a simple, same-day, office procedure – and that he would 
quickly be “as good as new.” Despite the probable ease and simplicity of this proce-
dure, he ultimately chose not to undergo surgery due to extreme anxiety about 
“going under” and to a desire to avoid any situations that might potentially provoke 
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reminders of his previous experience. Sadly, his pain and problems walking per-
sisted until he eventually lost his job.

 Risk Factors for PTSD in ICU Survivors:  
What About Delirium?

As noted, risk factors for PTSD in ICU survivors have been a source of high interest 
among both researchers and clinicians, and certain variables such as younger age, 
female sex, and pre-existing mental health diagnoses appear to consistently confer 
increased risk of PTSD both in survivors of critical illness and more generally [8]. 
Memories of frightening psychotic experiences during ICU hospitalization – as we 
mentioned, these are commonly referred to as “delusional memories” – have been 
linked with later PTS, though findings in this regard are unequivocal. While perhaps 
it is the case that most researchers believe delusional memories are particularly 
likely to form the basis for PTSD in ICU survivors, not all investigations have sup-
ported this finding. For example, in an investigation of Swedish ICU patients – 41% 
of whom reported having delusional memories – no signification associations were 
observed between delusional memories and anxiety or PTSD [15]. In our clinical 
experience with ICU survivors, this finding resonates, as some patients seem largely 
unphased by the presence of bizarre and terrifying “delusional” memories devel-
oped in the context of delirium even as others are profoundly traumatized.

As it relates to delirium, the connection between this neurologic syndrome and 
PTSD is controversial and complicated to unpack. While the notion that delirium – 
frequently, but not always, described by our patients as deeply disturbing  – is a 
reliable contributor to PTSD seems logical, relatively little empirical data support 
this assertion. Weinert and colleagues, for example, determined that memories of a 
delirious nature were associated with greater symptoms of PTSD and observed that 
individuals who were the most alert and awake during critical illness had the lowest 
risk of PTSD [16]. More generally, however, no clear patterns reflecting specific 
associations between delirium and PTSD have been found. One recent case series 
(N = 2) of veterans with pre-existing PTSD suggested the possibility that those 
already suffering from PTSD might be at risk of what is known as “emergence 
delirium” or “ED” after anesthesia, but this idea, while interesting, has yet to be 
explored or demonstrated in a larger cohort [17].

 Reducing Delirium as a Method of Decreasing PTSD?

To the extent that delirium and delusional memories are possible contributors to 
PTSD, it appears reasonable to consider carefully exploring sedation strategies as a 
target for intervention. This has been done in the context of ICU care recently, as 
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certain approaches to sedation and pain management, for example, are widely 
known to be deliriogenic. In particular, researchers have focused on the role of ben-
zodiazepines such as midazolam and lorazepam as well as opiates, as all of these 
have been found in at least some studies to be potentially related to post-ICU PTSD 
[18]. While the thoughtful use and reduction of medications of various kinds in the 
ICU should be heralded as progress, and while a clear “sea change” has occurred in 
recent years (resulting in patients being more active and alert and probably less 
delirious as a result), the impact of this paradigm shift on PTSD is unclear. 
Regardless, the other benefits of sedation reduction are substantial despite the men-
tal effects of such an approach being unclear. Data from several sources indicates 
that factual memories of ICU-related experiences – presumably more likely to occur 
within the context of sedation – may be protective against future psychiatric distress 
[19–20]. Lighter sedation may in fact be protective of neuropsychiatric disorders 
after discharge, and amnesia of the ICU stay has been associated with increased 
neurocognitive sequelae [21, 22]. Briefly, the notion here is that factual memories of 
medical or ICU-related events – even if quite upsetting – have the effect of ground-
ing patients in “reality” which may be preferable to the presence of psychotic or 
delusional memories.

 Depression

Depression and depressive symptoms also are prevalent in the context of critical 
illness and ICU hospitalization. It appears that the point prevalence of clinically 
significant depressive symptoms may be as high as 30% after discharge, much 
higher than the US population’s 7% for major depressive disorder or 10% for any 
mood disorder (which includes major depressive disorder, dysthymia, and bipolar I 
and II) [23]. Depression includes cognitive-affective and somatic symptoms 
(believed to be particularly prominent in the context of critical illness), and it has 
been posited that cognitive-affective symptoms in particular (feelings of hopeless-
ness, affective symptoms, etc.) may underlie the relationship between depression 
and chronic diseases through mechanisms which may include dysregulated cortisol 
and nonadherence to medical regimens [24]. Alternatively, in survivors of medical 
and surgical critical illness, somatic symptoms that largely involve such things as 
fatigue, problems sleeping, deficits in initiation, etc. appear to be primary [25]. In 
general, symptoms of depression may increase vulnerability to critical illness as 
individuals with significant symptoms of depression may be likely to succumb to 
unhelpful health-related behaviors such as smoking, inactivity, excessive alcohol 
use, poor dietary choices, and non-compliance with recommended treatment regi-
mens [26]. It appears that patients with serious depression tend to die up to a decade 
earlier than their non-depressed counterparts, often from chronic health conditions 
such as cardiac disease, chronic obstructive pulmonary disease (COPD), and diabe-
tes, among many others [27–28].
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 Exploring the Association Between Delirium and Depression

Nearly 30 studies have explored the complex relationship between depression and 
delirium, with most of them evaluating depression as a risk factor for delirium and 
a few of them focusing on whether delirium drives the development of depression 
[29–32]. In general, it appears that depression reliably heightens the likelihood of 
experiencing delirium, and this finding is generally consistent across a wide array of 
patient populations, including those with critical illness. While the strength of the 
relationship between depression and delirium varies, the increased risk of delirium 
in individuals with depression is often very high [29–30]. Less is known about 
whether delirium contributes to poorer psychiatric outcomes, perhaps because most 
researchers have focused on the cognitive sequelae of delirium to the exclusion of a 
focus on psychiatric outcomes (not surprising, as delirium is widely conceived of as 
a neurologic and not a psychiatric condition) [33]. Despite the widely varying meth-
odology and rigor of the studies in question, a majority have identified an associa-
tion between delirium and subsequent depression, reflected in outcomes such as 
higher scores on depression measures at distal timepoints [34].

 Common Processes Underlying Delirium and Depression

As depression is the primary psychiatric condition to be associated with delirium, 
we will briefly unpack issues related to physiology that may potentially undergird 
both of these conditions, recognizing that few if any investigations have explored 
these relationships as such. While questions exist regarding the mechanisms that 
contribute to the development of delirium, one of the most prominent theories 
involves imbalances in dopaminergic and cholinergic pathways as well as disrup-
tions pertaining to inflammation [34]. Importantly, these are the same mechanisms 
widely implicated in the emergence and maintenance of depression, along, perhaps, 
with altered cytokine expression, itself, a major risk factor for depression. Also 
fundamental to both delirium and depression are various pathologies related to 
sleep, reflecting potential issues in circadian regulation [35].

 Treatment of Delirium and Depression

If it is the case that delirium and depression potentially are influenced by common 
mechanisms, this insight may have practical pharmacologic implications. One key 
implication, certainly, involves exploration of whether the mood-related difficulties 
potentially present in delirium are simply reflective of this neurologic syndrome or 
whether, alternatively, they are reflective of an actual disorder of mood [36]. If 
depression is indeed present, then treatment should likely avoid agents with 
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prominent anticholinergic properties as there is some evidence that these may be 
deliriogenic [37–38]. Yet another clinical insight pertains, as we’ve discussed, to the 
centrality of circadian rhythm disruption in those with both delirium and depres-
sion. It may be that sleep-related interventions, among them melatonin, might be 
effective in the management of both these conditions, although evidence for the 
effectiveness of melatonin in delirium is extremely preliminary [39, 40]. Finally, if 
it is the case that depression is a major risk factor for the development of delirium, 
the integration of mental health strategies in the ICU in an effort to prevent the 
development of delirium may be crucial as a reduction in incident depression may 
translate into a reduction in incident delirium.

 A Research Agenda Related to Delirium and Mental Health

Individuals who have been hospitalized in the ICU and experience delirium tend to 
experience longer hospital duration and higher mortality rates than those who did 
not experience delirium. There are many risk factors for development of delirium 
including genetic (e.g., APOE-4 allele), pathophysiological (e.g., infection), medi-
cal (e.g., sedating medications), environmental (e.g., chaotic ICU environment, dys-
regulation of sleep/wake cycle), or mental health (e.g., depression). A prior history 
of depressive symptoms and depressive disorders is common among individuals 
who experience delirium, and depression also is a common consequence of delir-
ium. The exact mechanisms by which delirium and mental health are correlated in 
a bi-directional manner following critical illness remain largely unknown. There 
can be noted disruptions to cognition during both delirium and depressive episodes. 
Throughout the extant literature, there is indication of a similar pathophysiological 
pathway for development of both depression and delirium, a pathway involving 
stress and inflammatory responses as well as monoaminergic and melatonergic 
functions. Exposure to various medications also has been associated with onset and 
duration of delirium (e.g., benzodiazepine and opioid medications) as well as envi-
ronmental culprits such as physical restraint or immobilization.

Among all the various psychological, behavioral, and environmental interven-
tions thought to prevent delirium, early mobilization (e.g., ambulation, exercise, and 
range of motion implemented within the first days of ICU hospitalization) may be 
key. Mobilization, or physical activity, also has been associated with prevention of 
a depressive episode as well as enhanced management of depressive symptoms, 
regardless of any other intervention employed (e.g., psychotherapy or antidepres-
sant medication). All of this evidence for a common etiology and common patho-
physiological pathway highlights the promising possibility for common modes of 
prevention and intervention. At this point, however, the field of critical care psychol-
ogy lacks animal models and basic science research that can further enhance our 
understanding of the pathophysiological mechanisms, as well as the intersection 
between delirium and mental health outcomes. As a field, we also are lacking stud-
ies designed to enhance our understanding of the various phenotypes of delirium 
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that may present and how those phenotypes may be associated with a mental health 
history or mental health outcomes. We also are desperately in need of better tools of 
assessment – both for delirium and depressive symptoms/depressive disorders – for 
enhanced sensitivity and specificity of diagnosis to guide treatment efforts.

 Conclusions

Delirium continues to be pervasive in critically ill populations and in medical and 
geriatric populations more generally. While commonly linked to cognitive prob-
lems, this neurologic syndrome is also associated with mental health difficulties 
and, more specifically, with depression. Evidence of an association between delir-
ium and PTSD is so far inconsistent. Indeed, the presence of delirium increases 
vulnerability to the development of mental health-related difficulties. Interventions 
to decrease delirium in a variety of populations may in turn prevent the emergence 
of incident depression or even PTSD, but this remains a question in need of future 
study. Although little attention continues to be paid to the dynamic interplay between 
delirium and psychiatric conditions, clinicians and patients should be aware of the 
relevance of delirium not only to outcomes such as mortality, hospital length of stay, 
and cognition but also to conditions such as depression.
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Chapter 5
Prediction Models for Delirium 
in Critically Ill Adults

Mark van den Boogaard and John W. Devlin

 Background

Delirium in critically ill adults is associated with deleterious short-term and long- 
term effects. Patients are frequently bothered by its symptoms; its occurrence is 
associated with increased stress among families. While delirium occurs, on average, 
in 30% of adults admitted to the ICU [1], its prevalence ranges widely depending on 
the number and types of predisposing and precipitating risk factors for delirium, 
which differ substantially between patients. For example, a middle-aged patient 
transitioning quickly through the ICU after elective, major surgery will have a far 
lower risk for developing delirium during their ICU stay than a very old patient with 
baseline cognitive dysfunction who is emergently admitted to the ICU with septic 
shock, requires mechanical ventilation and sedation, and ends up having a pro-
longed ICU stay. The average ICU patient who develops delirium has 11 different 
risk factors for delirium prior to its occurrence [2]. Daily recognition and removal 
of modifiable delirium risk factors, and the use of proven non-pharmacologic and 
pharmacologic prevention strategies, represent the hallmark of delirium prevention 
approaches that should be used in all critically ill adults.

The complex interplay between predisposing and precipitating risk factors, and 
the variability by which these factors occur in critically ill adults, makes accurate 
delirium prediction a challenge for most ICU clinicians. While one might assume 
that all effective delirium prevention strategies [3] are routinely provided to every 
patient every day, this approach is usually not feasible in most ICUs. Moreover, 
among patients at a low predicted risk for developing delirium in the ICU, the costs 
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and/or risks associated with delirium prevention strategies may exceed their poten-
tial benefit. ICU clinicians therefore require guidance regarding which of their 
patients are at greatest risk for delirium so that they can tailor delirium reduction 
efforts to those patients who will benefit most from these interventions [4].

To determine a patient’s delirium risk, or even better, calculate a delirium risk 
score, one needs an ICU delirium prediction model that has been developed and 
validated in a heterogeneous cohort of ICU patients at varying risks for developing 
delirium and preferably in different ICU settings [5, 6]. Ideally, information regard-
ing a patient’s risk for delirium should be discussed with both the patient and their 
family [7]. Importantly, the use of delirium risk scores derived from a prediction 
model has been shown to be far better at predicting ICU delirium risk compared to 
clinician judgment alone [8]. This chapter seeks to review current ICU delirium 
prediction models, describe the steps used to develop, validate, and calibrate them, 
and provide guidance to ICU clinicians on how they can adopt a delirium prediction 
model into their practice.

 Risk Factors Versus Predictors

A delirium risk factor is any substance, characteristic, condition, or exposure asso-
ciated with delirium; in many cases a causal relationship with delirium may not yet 
have been proven. A delirium predictor is a delirium risk factor shown to be able to 
predict delirium. Many delirium risk factors are not necessarily delirium predictors. 
In general, the strength of the measured association between a risk factor and the 
clinical outcome (or event) of interest and both the distribution (across the patient 
population) and frequency by which it occurs will influence whether a risk factor 
can be considered a predictor.

Over the past decade, many risk factors for delirium have been identified [9, 10]. 
Although ICU delirium risk factors are extensively described in Chap. 3 of this 
book, additional comments about these risk factors in the context of delirium pre-
diction are important to highlight. As noted in Chap. 3, risk factors can be catego-
rized as being either predisposing (i.e., risk factor exists prior to critical illness) or 
precipitating (i.e., risk factor is attributable to critical illness and thus occurrence is 
just before or during ICU admission). Increasing age and preexisting cognitive 
decline are important predisposing factors. Precipitating factors are either modifi-
able (e.g., the administration of a benzodiazepine) or non-modifiable (e.g., a wors-
ening severity of illness over the course of the ICU stay). ICU clinicians should 
focus their delirium reduction efforts on those variables that are modifiable. 
Therefore, any modifiable risk factors included in an ICU delirium prediction model 
provide the clinician with guidance on where to intervene to reduce delirium (over 
and above predicting its occurrence).
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 Development and Validation of an ICU Delirium  
Prediction Model

How a delirium prediction model will be used in clinical practice is an important 
consideration during its development. For example, if a delirium risk score is desired 
for a set period of time (e.g., the duration of ICU admission), then a once-only (e.g., 
risk factors evaluated once around the time of ICU admission) static prediction 
model is usually ideal. However, if one is seeking to know the predicted risk of 
delirium over a time unit (e.g., ICU shift, day or week), then a so-called dynamic 
prediction model is preferred. While data for time-dependent, dynamic models are 
more time consuming to collect and the models are more complex to design and run, 
they are also more accurate. Consideration of time-varying predictors (e.g., a medi-
cation associated with delirium whose use could vary from day to day) will result in 
less residual confounding. Another advantage of time-dependent, dynamic models 
is that unlike a static model, it accounts for a potential deterioration in patient health 
after the baseline delirium prediction is calculated (another source of residual 
confounding).

Basic rules exist when developing and validating prediction models. The most 
important methodological considerations when ICU delirium prediction models are 
developed include risk factor identification, sample size calculation, and model vali-
dation. More detailed information on prediction model development methods are 
described in the book: Clinical Prediction Models: A Practical Approach to 
Development, Validation, and Updating [6]. During delirium prediction model 
development, it is important that all patients are free of delirium at the time data 
collection is initiated, that data collection is prospective (vs. retrospective), and that 
all patients meeting model criteria are consecutively enrolled. Retrospective data 
collection is fraught with misclassification bias (given the inability to proactively 
identify the true presence of a risk factor and the outcome), and a lack of consecu-
tive enrollment is fraught with selection bias [e.g., only patients at perceived greater 
delirium risk are included (or vice versa)].

The primary aim of any prediction model or prediction rule is to estimate the 
chance that a certain outcome, in this case ICU delirium, will occur. Importantly, 
this calculated risk should be considered an estimation and not an absolute rate. The 
larger the population used to develop the model, the more “stable” the prediction 
model/rule will be. For each risk factor (i.e., potential predictor) included in the 
model regression analysis, among the patients with the risk factor, at least 10–15 
patients with delirium (i.e., cases) and 10–15 patients without delirium (i.e., non- 
cases) are required [11]. So the optimal sample size of any prediction model is 
predicated by the number of risk factors where a rationale to include exists. 
Therefore, prediction models with a larger sample size are generally more robust; 
the smaller the 95% confidence interval around each regression coefficient, the 
greater the robustness. An “unstable” delirium prediction model, reflected by a wide 
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95% confidence interval around one or more regression coefficients, will be more 
affected by a small change in the number of patients who develop delirium. In this 
situation, the misclassification of delirium in even a handful of patients could have 
important limitations on the ability to correctly consider all desired risk factors as 
predictors in the model. Lastly, the way by which missing values (e.g., delirium not 
evaluated or the presence of risk factor not recorded) are imputed in the model can 
also affect the end model result.

During the development of a delirium prediction model with good perfor-
mance, both variables with a well-established association to delirium (e.g., age) 
and newer variables purported by experts to be associated with delirium (e.g., 
vascular disease, diabetes), where association is not well-established, should be 
included. Importantly, risk factors should only be considered for models if they 
can be readily collected during routine patient care. For example, although the 
presence of the APOE-4 allele [12] has been associated with delirium occurrence, 
the routine measurement of a genetic marker like this is not feasible in most ICU 
clinical settings. Once the prediction model has been developed, the model will 
generate an estimated predicted risk score for delirium occurrence for any ICU 
patient between 0% and 100%; this risk % can be categorized into risk groups 
(e.g., low, moderate, and high).

After development, a delirium prediction model needs to be validated in another 
independent patient dataset to demonstrate it works for patients with a different mix 
of delirium predictors than those patients used in the original development dataset. 
Both internal and external validity need to be determined. Internal validation evalu-
ates model reproducibility. Given that a prediction model often overestimates delir-
ium occurrence in the development cohort, it is important to confirm that model 
estimation is accurate (i.e., the model is not over-fitted) in a new patient cohort. 
Available internal validation techniques include apparent validation, split-sample 
validation, cross validation, and bootstrap validation. After the internal validation, 
the models need to be externally validated; this supports the generalizability of the 
model. When the new dataset includes patients from the same ICUs used for model 
development, but admitted in a period soon after the initial model validation period, 
then this validation is called temporal validation. If the new dataset consists of 
patients from ICUs not involved in the original validation, then this validation is 
called external validation. External validation is preferred over temporal validation 
as it results in a prediction model with greater generalizability (i.e., clinical applica-
bility). This last step of validation is of importance for the use of an ICU delirium 
prediction model in daily practice.

 Epidemiological Definitions and Rules

When evaluating the performance of an ICU prediction model, it is important to 
evaluate both model discrimination and calibration.
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Discrimination refers to the ability of the model to differentiate between patients 
who will develop delirium with those who will not. The ability to adequately dif-
ferentiate between these two patient groups in relation to their predicted risk for 
developing delirium is often presented in an “area under the receiver operating char-
acteristic” (AUROC), (Fig. 5.1a, b). With the reported AUROC in this figure being 
0.84, one can conclude that the model is a good predictor for delirium occurrence 
during the ICU admission (i.e., 84% of the time, this model will correctly predict 
delirium will occur when it actually does occur).

Discrimination can be evaluated by calculating model sensitivity and specificity 
and thus estimating the likelihood ratio for delirium occurrence (also known as pre- 
test probability). The post-test probability of delirium occurrence can be determined 
after calculating the positive and negative predictive values of the delirium predic-
tion model. Sensitivity is expressed in proportions ranging from 0% to 100% and is 
the proportion of actual patients who develop delirium that were correctly predicted 
as developing delirium, while specificity reflects the proportion of patients who did 
not develop delirium and who were correctly predicted not to develop it (Fig. 5.2).

Interpretation: At a predicted delirium risk of 25.1%, model sensitivity is 76.3% 
and model specificity is 80.4% (1–0.196). This indicates that 76.3% of the time this 

0.0
0.0

0.2

0.2

0.4

1 - Specificity

S
en

si
ti

vi
ty

0.4

0.6

0.6

0.8

0.8

1.0

1.0

Test Result Variable(s):predicted_probability

Area Std. Errora
Asymptotic

Sig.b

.843 .013 .000 .817 .868

Upper BoundLower Bound

Asymptotic 95% Confidence
interval

a

b

Fig. 5.1 (a) Example of 
an AUROC of a delirium 
prediction model. (b) 
AUROC with 95% 
confidence interval for an 
ICU delirium prediction 
model

5 Prediction Models for Delirium in Critically Ill Adults



62

prediction model will correctly predict delirium will occur for patients who do 
develop delirium and 80.3% of the time correctly predict delirium will not occur for 
patients who do not develop delirium.

When the statistical performance of any delirium prediction model is evaluated, 
model sensitivity and specificity will usually be provided (Fig. 5.2) given that this 
helps a clinician to decide whether the predicted delirium risk score the model pro-
vides is robust enough for them to trust it when making care decisions for their 
patient(s). For a condition like delirium, where its occurrence can have profound 
effects on a patient, a clinician may decide to choose to a predicted delirium risk 
score cutoff value that has a high sensitivity so that a patient at risk for developing 
delirium is not missed. In this scenario, the predicted delirium risk score cutoff 
chosen would be low. In comparison, if a medication existed that very effectively 
prevented delirium but was associated with undesirable safety concerns, then a cli-
nician might choose a higher predicted delirium risk score as a cutoff (that would 
have higher specificity and lower sensitivity) given concerns about administering 
the medication to patient that was not actually going to develop delirium. Choosing 
the best delirium prediction model cutoff value is based solely on a clinician’s 
assessment of their patient and the perceived risk/benefit for any intervention(s) that 
might prevent delirium occurrence.

The sensitivity and specificity of a delirium prediction model can be used to 
calculate a likelihood ratio. A positive likelihood ratio (LR+= sensitivity/1- 
specificity) refers to the chance a patient with a high-risk classification for develop-
ing delirium will develop delirium in relation to patients with a high risk classification 
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for developing delirium that do not develop delirium. A negative likelihood ratio 
(LR− = 1-sensitivity/specificity) refers to the opposite scenario. In Fig. 5.2, the cal-
culated LR+ = 3.89 (0.763/0.196) means that a high-risk delirium prediction result 
is 3.89 more likely in a patient who goes on to develop delirium than the one who 
does not. A LR− = 0.05 (1–0.763/0.804) means that for a patient with a low predic-
tion score for delirium, there is only a 5% chance the patient goes on to develop 
delirium than in the patient who does not.

The positive predictive value defines the proportion of patients who develop 
delirium and who had a high predicted delirium risk score from the prediction 
model. This value is calculated by taking the number of delirium patients over the 
total of both the delirium and non-delirium patients in the high predicted delirium 
risk group. The negative predicted value is the proportion of patients who never 
developed delirium and had a low predicted delirium risk score over the total of both 
non-delirium patients and delirium patients in the total group of patients with a low 
predicted delirium risk score.

For each of these pre-test and post-test probabilities, the matrix for calculating 
these values is shown in Fig. 5.3: Estimation of accuracy.

Calibration of the model refers to the accuracy of the model predictions in rela-
tion to the observed events. This can be tested using the Hosmer-Lemeshow (HL) 
test, or more frequently used, calibration is estimated using a calibration plot 
(Fig. 5.4, Calibration plot) where the calculated predicted risk scores (x-axis) are 
plotted against the observed events (y-axis) (i.e., the percentage of patients where 
delirium occurs).

Interpretation of this calibration plot: At 20% predicted delirium risk (x-axis), 
the actual or observed delirium percentage is 20%. At an 80% predicted delirium 
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risk, the observed delirium percentage is 75%. This suggests that prediction model 
is overestimating actual delirium occurrence for a predicted delirium risk ≥60%.

 Existing ICU Delirium Prediction Models

Although the first delirium prediction model for elderly hospitalized patients was 
developed in the mid-1990s by Prof. Inouye [13], it took more than a decade before 
the first ICU delirium prediction model was developed [8]. Since then, a total of 
four ICU prediction models have been developed and published [8, 14–18]. The 
different prediction models, their development/validation, discriminating perfor-
mance, and prediction rules are described as follows:

 PRE-DELIRIC

The PREdiction DELIRium IC, PRE-DELIRIC model, was first developed in 
2012 in a group of 1613 ICU patients, temporarily validated in cohort of 549 differ-
ent ICU patients (from the same ICUs)  and then subsequently validated in 894 ICU 
patients from multiple institutions [8]. The ICU patients in each cohort were a 
mixed population of surgical, medical, trauma, and neurology patients. The 25 dif-
ferent potential delirium predictors evaluated were derived from a systematic review 
[19] and collected within the first 24 h of ICU admission; the occurrence of delirium 
over the course of the ICU stay was the primary outcome variable. Patients with 
delirium at the time of ICU admission were excluded. A logistic regression analysis 
that used backward selection procedure was used to develop a prediction model that 
contained ten different delirium predictors: age, severity of illness (APACHE-II 
score), presence of coma, ICU admission category (e.g., medical, surgical), 
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presence of infection, presence of metabolic acidosis, use of morphine, use of a 
sedative, the serum urea level, and whether the ICU admission was urgent or 
 elective. The model was well calibrated, and the discriminative power was 0.85 
(95% CI 0.84–0.87) (see the prediction rule in Table 5.1). When considering a PRE- 
DELIRIC score of 35% or higher as a cutoff value for patient at high risk for devel-
oping delirium in the ICU, the sensitivity and specificity of the model were 67.1% 
and 86.5%, respectively. The positive likelihood ratio (LR+) was 4.97, and the nega-
tive likelihood ratio (LR−) was 0.41.

The ability of ICU nurses and physicians to predict ICU delirium occurrence was 
found to be significantly lower [0.59 (95% CI 0.49–0.70)] than that of the PRE- 
DELIRIC model. In a second, multinational study of 1824 ICU patients without 
delirium at the time of ICU admission, the calibration of PRE-DELIRIC was found 
to be poorer than in the original study, and therefore the PRE-DELIRIC model was 
recalibrated [14]. In a third, multinational study, the recalibrated PRE-DELIRIC 
model was used to predict delirium using either the CAM-ICU or the ICDSC; its 
predictive value for ICU delirium was comparable between CAM-ICU [0.75 (95% 
CI 0.72–0.78)] and ICDSC [0.71 (95% CI 0.67–0.75)] [15]. Furthermore, it was 
found that the PRE-DELIRIC model can also reliably predict subsyndromal delir-
ium using the ICDSC [20].

Despite PRE-DELIRIC’s static character (i.e., each predictor needs to be col-
lected just once per ICU admission) and therefore increased risk for residual con-
founding, its predictive value is fairly good. Another potential drawback of the 
PRE-DELIRIC model (given that the APACHE-II score is calculated based on 
clinical values in the first 24 h after ICU admission) is that it can only be used to 
predict delirium occurrence 24 h after ICU admission. PRE-DELIRIC will there-
fore fail to predict those patients who will develop in the first 24 h of ICU admis-
sion – nearly 25% of the ICU patients who develop delirium after admission to the 
ICU [21, 22].

Table 5.1 Prediction rules for the PRE-DELIRIC model

Risk of delirium = 1/(1+exp-(-4.0369))

+ 0.02 × age (year)
+ 0.03 × APACHE-II score (point)
+  0 for non-coma/0.26 for drug induced coma/1.07 for miscellaneous coma/1.34 for 

combination coma
+  0 for surgical patients/0.15 for medical patients/0.53 for trauma patients/0.65 for neurology or 

neurosurgical patients
+ 0.50 for infection
+ 0.14 for metabolic acidosis
+  0 for no morphine use/0.19 for 0.01–7.1 mg per 24 h morphine use per 0.06 for 7.2–18.6 mg 

per 24 h morphine use/0.24 for >18.6 mg per 24 h morphine use
+ 0.66 for use of sedatives
+ 0.01 × urea concentration (mmol/L)
+ 0.19 for urgent admission

The scoring system’s intercept is expressed as –4.0369; the other numbers represent the recali-
brated regression coefficients (weight) of each predictor
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 E-PRE-DELIRIC

In an effort to address the limitations of PRE-DELIRIC and be able to predict ICU 
delirium occurrence as quickly as possible after ICU admission, the Early 
PREdiction DELIRium ICu (E-PRE-DELIRIC) model was developed and vali-
dated. In a multinational study cohort of 2914 mixed ICU patients (derived from 13 
ICUs in 7 countries), 16 potential delirium predictors, based on the PRE-DELIRIC 
model and a consensus of international delirium experts, were collected at the time 
of ICU admission; the occurrence of delirium over the course of the ICU stay (as 
assessed by the CAM-ICU) was again the primary clinical outcome. The dataset 
was split into a development set of 1962 patients and a validation set of 952 patients. 
The final model, developed using logistic regression analysis with a backward 
selection procedure, consisted of nine different predictors each evaluated at the time 
of ICU admission: age, history of cognitive impairment, history of alcohol abuse, 
ICU admission category, urgent admission, mean arterial blood pressure, use of 
corticosteroids, presence of respiratory failure, and serum urea concentration. 
Validation using the second dataset revealed the model to be well calibrated with a 
discriminative power of 0.75 (95% CI 0.71–0.79). The E-PRE-DELIRIC prediction 
rule is depicted in Table 5.2.

Using an E-PRE-DELIRIC score of ≥35% as a cutoff value for patients at high 
risk for developing delirium in the ICU, the model sensitivity was 50%, specificity 
83%, LR+ 2.9, and LR− 0.6. In a subsequent multinational study where data was 
collected for both the PRE-DELIRIC and E-PRE-DELIRIC models, the statistical 
performance of the PRE-DELIRIC model [AUROC 0.74 (95% CI 0.71–0.76)] was 
significantly better than the E-PRE-DELIRIC model [0.68 (95% CI 0.66–0.71)] 
[15]. However, the clinicians in the study ICUs deemed the E-PRE-DELIRIC model 
to be more feasible for use in daily clinical practice. To accommodate these some-
what divergent results, a two-step approach is now recommended to predict delir-
ium in the ICU. The E-PRE-DELIRIC model should be used first. When it generates 

Table 5.2 Prediction rule of the E-PRE-DELIRIC model

Risk of delirium = 1/(1+exp – (-3.907))

+ 0.025 × age (year)
+ 0.878 for history of cognitive impairment
+ 0.505 for history of alcohol abuse
+  0 for surgical patients/0.370 for medical patients /1.219 for trauma patients/ 0.504 for 

neurology or neurosurgical patients
+ 0.612 for urgent admission
−0.006 mean arterial blood pressure at the time of ICU admission (mmHg)
+ 0.283 for use of corticosteroids
+ 0.982 for respiratory failure
+ 0.018 × urea concentration (mmol/L) at time of ICU admission

The scoring system’s intercept is expressed as –3.907; the other numbers represent the regression 
coefficients (weight) of each predictor
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a predicted delirium risk ≤30%, the PRE-DELIRIC model should be used 24 h later 
to reconfirm the ICU delirium occurrence risk. In this study the E-PRE-DELIRIC 
model was also validated for use in ICUs where delirium is screened with either the 
CAM-ICU or the ICDSC [15] .

 A Prediction Model for Delirium After Cardiac Surgery

This model was developed at one center using a homogeneous group of 215 cardiac 
surgery patients aged ≥50 years who required postsurgical ICU care [18]. Although 
data for many potential delirium risk factors was collected, the specific risk factors 
included in the prediction model and the rationale for inclusion are unclear. This 
model, derived using logistic regression with a backward selection procedure, 
includes four different predictors: age, the mini-mental state examination score at 
ICU admission, the Charlson’s comorbidity index, and duration of cardiac bypass. 
The prediction rule for this model is provided in Table 5.3.

Although model validation appears to have been completed, the specific group of 
patients in which validation was performed is not reported. The AUROC of the vali-
dated model [0.79 (95% CI 0.73–0.85)] was significantly different from the devel-
opment model. The optimal risk score cutoff value for patients at high risk for 
delirium occurrence was 28.9%, resulting in a sensitivity of 71.2%, specificity of 
76.3%, a LR+ = 3.00, and a LR− = 0.38. Information surrounding model calibration 
is not reported. Given the limitations of this model, the exclusion of patients 
<50 years old, the inclusion of patients from only one center, a sample size that was 
too small, and the model’s static nature, additional model validation studies across 
cardiac ICUs from multiple centers are required.

 ABD-Daily Prediction Model

The Acute Brain Dysfunction-Daily Prediction Model (ABD-pm) evaluated how 
daily transitions in neurologic status (neither delirium nor coma, awake with delir-
ium, and coma) influence ICU delirium occurrence over the course of the ICU 

Table 5.3 Prediction rule of 
the prediction model for 
delirium after cardiac 
surgery

Risk of delirium = 1/(1+exp – (-3.563))

+ 0.06 × age (years)
+ 0.166 MMSE (points)
+ 0.362 for Charlson’s comorbidity index (points)
+ 0.016 × time of bypass (minute)

The scoring system’s intercept is expressed as –3.3563; 
the other numbers represent the regression coefficients 
(weight) of each predictor
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admission [17]. In a group of 810 mixed ICU patients, each patient’s daily outcome 
was categorized to one of five different states: neither delirium nor coma, awake 
with delirium, coma, ICU discharge, or death. This resulted in a patient having 15 
different possible daily transitions. The potential predictors included in this model, 
based on clear, predefined criteria, were categorized as either ICU admission factors 
(n = 5, i.e., age, ICU type, current use of a medication to treat Alzheimer’s disease, 
APACHE-II score, and use of mechanical ventilation) or daily ICU factors (n = 10, 
[i.e., neurologic status (i.e., presence of neither delirium or coma, presence of delir-
ium, or presence of coma); use of mechanical ventilation; presence of sepsis; modi-
fied SOFA score; administration of benzodiazepines, opiates, propofol, 
antipsychotics, or a statin; and the ICU length of stay].

Using multinomial logistic regression analysis, 14 predictors and 2 interaction 
terms were included in the final model. With the exception of daily statin use, all of 
the potential delirium predictors were included in this final model. The daily transi-
tion from delirium to ICU death, and from coma to ICU discharge, was under- 
predicted (i.e., under-estimated) by the model, and the transitions from a normal 
neurologic status (i.e., neither delirium nor coma) to coma, from a normal neuro-
logic status to ICU death, and from delirium to a normal neurologic status were 
over-predicted (i.e., over-estimated). For all other transitions, including transitions 
to delirium, models for each of these daily transitions were found to be well cali-
brated. In particular, the model yielded very high negative predicted values (NPVs) 
for “next day” delirium (NPV: 0.82), coma (NPV: 0.89), normal cognitive state 
(NPV: 0.88), ICU discharge (NPV: 0.91), and mortality (NPV: 0.98). The model 
demonstrated outstanding calibration when predicting the total number of patients 
expected to be in any given state across predicted risk and at this time may be useful 
for predicting the proportion of patients for each outcome state across entire ICU 
populations to guide quality, safety, and care delivery activities rather than an indi-
vidual patient’s risk. An AUROC was not provided for any of the daily transition 
models.

The sensitivity of the transition to delirium (in the ICU) model was 0.597, speci-
ficity 0.792, positive predictive value 0.548, negative predictive value 0.823, LR+ 
2.87, and LR− 0.51. The likelihood of the transition from a normal to awake with 
delirium state the next day, using the ABD-pm, is 10%. Delirium prediction rules 
were not provided, and thus the value, or regression coefficients, for each predictor 
in each transition model remains unclear.

This ABD-daily prediction model represents the first dynamic model in the ICU 
delirium field; it should be less affected by residual confounding than the static 
delirium prediction models previously described in this chapter. The daily ABD-pm 
can be used regardless of whether patients are admitted to the ICU with delirium.

After validation in a multicenter or preferably multinational study is completed, 
the ABD prediction model holds great promise for use in routine clinical practice, 
yet until then it serves better as a surveillance tool for acute brain dysfunction out-
comes across ICU populations.
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 Use of Delirium Prediction Models in Clinical  
and Research Settings

 Clinical Practice

Since 2012, when the first ICU delirium prediction model, PRE-DELIRIC, was 
described [8], several studies have validated the newer delirium predictions models 
described in this chapter [14]. Additional studies have evaluated the utility and ben-
efit of using these delirium prediction models in routine clinical practice [4, 16]. 
While the evidence surrounding ICU delirium risk reduction and prevention contin-
ues to increase, the recent SCCM 2018 PADIS guidelines highlight important gaps 
in our knowledge about how delirium should best be prevented in the ICU [3]. So in 
some respects, our ability to accurately predict delirium occurrence in the ICU has 
gotten ahead of our knowledge on how it can best be reduced and prevented.

The optimal cutoff value (for the prediction models reviewed in this chapter) to 
be able to differentiate patients who are at high risk (vs. moderate risk) for develop-
ing delirium during their ICU stay remains unclear. When a delirium prediction tool 
is being used in daily ICU practice, the prudent clinician should use a cutoff value 
(for predicted ICU delirium occurrence) of ≥30% to classify a patient at high risk 
for delirium, given that about 30% of their patients, on average, will develop delir-
ium during their ICU stay. This moderate- vs. high-risk categorization likely influ-
ences the degree to which the ICU team implements delirium prevention strategies 
(both pharmacologic and non-pharmacologic) known to be effective.

Among available ICU delirium prediction models, the E-PRE-DELIRIC and PRE-
DELIRIC models have been most extensively studied and validated and are also the 
models that are ready for use across different ICU settings. As noted above, the E-PRE-
DELIRIC model should be used first, and the PRE-DELIRIC model should be consid-
ered as confirmation (after 24 h in the ICU) if the E-PRE-DELIRIC model generates a 
predicted delirium risk ≤30% [15]. Although the ABD-pm model [17] is promising, it 
is too early to recommend its routine use until it is validated in more ICU settings.

To ease ICU clinician workload and enable ICU delirium prediction models to be 
implemented in daily practice, the delirium prediction model(s) should be built into 
existing clinical information systems. This will help automate routine delirium risk 
prediction efforts, facilitate the real-time implementation of delirium prevention 
efforts, and allow clinicians to more quickly and accurately inform and educate 
patients and their families about the risk for delirium in the future.

 Research Setting

Building on the recent availability of ICU delirium prediction models, it is critical 
that cutoff values for delirium risk are established for each model. Delirium risk 
should be prospectively evaluated during all ICU delirium prevention studies. This 
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data may also help guide decisions about the effectiveness of studied delirium pre-
vention interventions given that the removal of patients with a low calculated risk 
for delirium from post hoc efficacy analyses will help control for the dilution effects 
of inclusion of these patients in any investigation. A few studies have been per-
formed [4, 23] or are underway [24] that incorporate ICU delirium prediction model 
results from these important secondary analyses.

 Future Directions

Since the identification of safe and effective treatments for critically ill adults is a 
never-ending process, and practice changes will continue to be made on an ongoing 
basis, it is important that ICU delirium prediction models are continuously updated 
to reflect these changing practice paradigms. For example, mechanically ventilated 
adults are increasingly maintained at a light level of sedation, benzodiazepines are 
rarely used, and newer opioids like fentanyl are used (rather than older opioids like 
morphine) [3]. Therefore, ICU delirium prediction models need to be updated and/
or recalibrated regularly.

While most ICUs have a mixed population of patients for which both (E-)PRE- 
DELIRIC models and the ABD-pm model can be used, there are also specialty ICUs 
that care for distinct patient populations (e.g., after burn injuries, neurological injuries, 
or patients having severe decompensated heart failure). Risk factors for delirium in 
these specialty ICU populations differ from those in medical, surgical, and cardiac 
surgical ICUs, and thus delirium prediction models need to be developed and vali-
dated for this specialty ICUs. This will increase the accuracy of delirium prediction 
scores in all critically ill subpopulations and facilitate their use in these specialty ICUs.

 Conclusions

Four ICU delirium prediction models are available; only the static E-PRE-DELIRIC 
or the PRE-DELIRIC models should be used in clinical practice at this time for 
determining an individual patient’s risk of delirium. A two-step prediction approach 
should be used when the E-PRE-DELIRIC generates a delirium prediction score 
<30%. A currently available prediction model for cardiac surgery patients and the 
dynamic ABD-pm model, while promising, still need to be validated in multiple 
different ICU patient cohorts before they should be implemented into routine prac-
tice. Delirium prediction can help guide clinicians about which patients should 
receive the full gamut of delirium prediction strategies early in their ICU stay and 
help inform their discussions with patients and their families about delirium risk. 
Delirium prediction models should be incorporated in all ICU delirium prevention 
studies given their importance in helping to inform secondary analyses focused on 
efficacy and cost.
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Chapter 6
Pediatric Delirium Assessment, Prevention, 
and Management

Heidi A. B. Smith and Stacey R. Williams

 Overview: Pediatric Delirium

Pediatric patients are at risk for delirium, a form of acute brain dysfunction, along 
with more readily recognized multi-organ failure during critical illness. Delirium is 
characterized by a primary disturbance in attention (reduced ability to focus, sus-
tain, or shift attention) and awareness (reduced awareness of environment), with 
secondary perturbations in cognition, which develop acutely (hours to days) and 
may have a fluctuating course of severity, as described in the Diagnostic and 
Statistical Manual of Mental Disorders (DSM) [1]. Delirium is a direct consequence 
of a medical and/or surgical condition, and therefore the associated acute distur-
bances are not part of an established neurocognitive disorder. Delirium has yet to be 
fully recognized as a distinct entity, historically, considered an unavoidable conse-
quence of critical illness. Many clinicians continue to refer to delirium by non-
specific terms such as ICU psychosis, encephalopathy of critical illness, or ICU 
syndrome [2–4]. Particularly in children, the advancement of delirium epidemiol-
ogy research was hindered by the vast differences in cognition, language, and neu-
robehavioral development in the pediatric population [5–8]. However, over the past 
decade, the creation and validation of bedside delirium screening tools for pediatric 
patients have greatly expanded the breadth of knowledge regarding pediatric delir-
ium and associated risk factors and outcomes. Due to these significant advances, 
there is a growing movement to incorporate routine delirium monitoring to decrease 
delirium prevalence in the ICU and impact patient care outcomes.
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The implementation of delirium monitoring protocols using valid bedside screen-
ing tools and the conduct of numerous large prospective studies in the adult ICU 
setting have led to a much deeper understanding of delirium epidemiology. Both the 
high prevalence of delirium and the association with poorer outcomes (e.g., pro-
longed mechanical ventilation and hospital stay, increased medical cost, long-term 
cognitive impairment, and greater mortality) in adults [2, 9–17] inspired further 
need to delineate the impact of delirium on critically ill infants and children. The 
study of pediatric delirium continues to evolve with an increasingly high number of 
publications pertaining to the validation and implementation of pediatric-specific 
delirium screening tools and delirium prevention and management, with the pur-
pose of advancing understanding of this acute organ dysfunction. Yet, there contin-
ues to be reluctance among pediatric caregivers to fully embrace the validity and 
benefit of routine delirium monitoring due, in large part, to inexperience and dearth 
of knowledge concerning delirium pathophysiology, clinical symptomatology, and 
treatment options [18, 19]. This chapter is dedicated to advance clinician under-
standing and confidence in the assessment, prevention, and management of acute 
brain dysfunction in children.

 Etiology of Delirium and Clinical Presentation

Normal brain activity relies on a delicate balance of both excitatory and inhibitory 
neurotransmission [20]. When critical illness leads to a disruption in this balance 
(e.g., hypoperfusion, hypoxia, electrolyte disturbance), acute brain dysfunction 
such as delirium may develop [21]. The causal pathways of neural dysfunction 
 during critical illness and ischemia may lead to (1) an imbalance in neural mem-
brane ionic gradients [22]; (2) altered neurotransmitter synthesis, release, and 
metabolism [23–25]; and (3) inadequate elimination of neurotoxic by-products 
[23–25]. Inflammation may also trigger a cascade of activity leading to endothelial 
dysfunction and microvascular compromise [26]. All patients with delirium exhibit 
the core DSM criteria (acute change in mental status, inattention, and altered level 
of consciousness or cognition) due to general acute neuronal dysfunction [1]. 
Additionally, however, the degree and type of neuronal dysfunction can differ 
between patients with delirium such that the imbalance in neurotransmission may 
be either largely excitatory or inhibitory. Dopamine is the chief stimulatory neu-
rotransmitter, whereas acetylcholine and gamma amino butyric acid are key inhibi-
tory neurotransmitters [20]. The disruption of dopaminergic, cholinergic, 
serotonergic, or glutamatergic receptor activity modulates behavior that can vary 
patient-to-patient and day-to-day [27–30]. These behavioral manifestations provide 
for categorization of delirium as hyperactive (often excess dopaminergic activity), 
hypoactive (often excess cholinergic or glutamatergic activity), or a mixed subtype 
where a patient may express both hyperactive and hypoactive manifestations  
[30–34]. Hyperactive or “agitated” delirium is associated with more extreme mani-
festations including lability in mood, restlessness, agitation, and combativeness that 
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creates a sense of urgency to address. However, hypoactive or “quiet” delirium con-
sists of patients who may be inappropriately sedate or withdrawn and often described 
by parents as “just not acting like my child.” Hypoactive delirium is the most com-
mon form (>60%) of ICU delirium in children, whereas hyperactive delirium is the 
least common (<10%); these parallel motoric subtypes of delirium observed in 
adults [5, 32]. Patients with hypoactive delirium can often go unrecognized as hav-
ing brain dysfunction by the medical team. They are commonly paired with other 
patients, as they require less nursing oversight and are referred to as being “good 
patients,” yet the erroneous patient assessment can be associated with poorer out-
comes [35–38]. The clinical diagnosis of delirium can be challenging without the 
use of a valid tool. Despite core DSM symptoms being present in all patients, the 
fluctuating course of severity and behavioral manifestations highlights the benefit of 
routine monitoring [8, 18, 21, 39–41].

 Tool Development

The child psychiatrist is considered the reference standard (expert) for delirium 
diagnosis using DSM criteria. However, the reliance on psychiatry consultation ser-
vices for routine delirium monitoring is not feasible in the ICU setting due to lack 
of psychiatry faculty availability and the need for frequent and timely evaluations to 
optimize diagnosis and management [8, 41–45]. The advancement of pediatric 
delirium epidemiology research and ICU patient care hinged on the development of 
efficient and accurate screening tools for use at the bedside.

Evolving cognitive and language skills among infants and younger children ini-
tially challenged the medical community to apply delirium criteria, largely pertain-
ing to adult patients, to pediatric patients who expectantly have evolving or atypical 
neurocognitive skills (infants, toddlers, and those with developmental delay) [20]. 
The publication of numerous case series involving pediatric delirium has facilitated 
the development of a symptom profile that consists of both unique aspects of delir-
ium commonly observed in pediatric patients and more uniform signs demonstrated 
among most patients suffering from delirium regardless of age [34, 45–49]. Distinct 
neuropsychiatric symptoms such as purposeless actions, inconsolability, and signs 
of autonomic dysregulation occur more commonly among pediatric patients with 
delirium [6, 44, 45]. These variations in delirium phenomenology and the tech-
niques to assess for the core DSM criteria for delirium in children highlight the 
necessity of a pediatric-centered approach to delirium screening [7, 18, 35, 50, 51]. 
The process of screening tool development in pediatrics required collaboration with 
child psychiatrists to assure clear translation of the deficit underlying each criterion 
for delirium and how that is expressed and evaluated in infants and younger children 
[52]. Indeed, the identification of more subtle symptoms or behaviors consistent 
with delirium in younger children may require the use of interactive play or consid-
eration of the context of a child’s development during delirium evaluation [52, 53]. 
Though acute brain dysfunction during critical illness may occur in any patient and 
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emerging literature suggests that delirium may occur among premature infants, 
ongoing scrutiny of currently available diagnostic tools and further validation stud-
ies in complicated patient groups, such as infants of prematurity, are necessary to 
support ongoing research in the epidemiology of pediatric delirium [42, 53–56].

 Pediatric Anesthesia Emergence Delirium (PAED) Scale

Emergence delirium (ED) is a dissociative state of consciousness during which 
patients may exhibit severe irritability and inconsolability or be uncooperative after 
receiving a general anesthetic [57]. Emergence delirium was first reported in the 
1960s following the use of inhalational anesthetics, most commonly in children 
aged 1–5 years. The Pediatric Anesthesia Emergence Delirium (PAED) scale is an 
observational tool that identifies “agitated” behavior considered “emergence delir-
ium” in children [58]. Severity scores are provided by the caregiver for five obser-
vational domains including (1) degree of eye contact, (2) presence of purposeful 
actions, (3) awareness of surroundings, (4) restlessness, and (5) inconsolability, 
using a Likert scale (1–4 points). A positive screen for ED is a final score of 10 or 
greater based on the original validation study by Sikich and colleagues, in a pro-
spective cohort of 50 patients aged 18 months to 6 years. The consistency of PAED 
scores of 10 or greater to identify patients clinically perceived to have emergence 
delirium and treated with dimenhydrinate by the anesthesiologist were analyzed. 
The PAED performed with a reported sensitivity of 64% in identifying patients 
treated for emergence delirium based on ROC curve analysis and an interobserver 
reliability of 0.84 (95% CI 0.76–0.90) [58]. In a subsequent study, the PAED was 
calculated retrospectively and compared to prospective psychiatry evaluation of 
pediatric ICU patients using DSM criterion, with reported sensitivity and specificity 
ranging from 91–100% to 96–98%, respectively [59, 60]. The high sensitivity and 
specificity in this study were likely due to the patient cohort being largely comprised 
of patients undergoing consultation by the neuropsychiatric team for “agitated 
behavior,” and therefore the majority of patients diagnosed with delirium by psy-
chiatry had hyperactive delirium, to which the PAED score was compared. With the 
improved understanding of motoric subtypes of delirium in children, a more recent 
study screening for all delirium subtypes reported a much lower PAED sensitivity 
(50%) [61]. Therefore, the validity and generalizability of the PAED for the diagno-
sis of all delirium subtypes in the pediatric ICU (PICU) setting are uncertain.

 The Cornell Assessment for Pediatric Delirium (CAPD)

The Cornell Assessment for Pediatric Delirium (CAPD) is an observational delir-
ium screening tool that is an adaptation of the PAED incorporating three additional 
assessment domains that detect hypoactive symptoms [62] (Fig. 6.1). The CAPD is 
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designed as a purely observational tool for the assessor (the bedside nurse) to score 
the degree to which they “observe” the presence or absence of delirium symptoms 
over the course of a nursing shift. The eight assessment domains include (1) eye 
contact, (2) purposeful actions, (3) awareness of surroundings, (4) communication 
of needs, (5) restlessness, (6) inconsolability, (7) underactivity while awake, and (8) 
prolonged response to interactions. These 8 domains are scored using a Likert scale 
0–4 (never, rarely, sometimes, often, always), with a total score ≥9 being a positive 
screen for delirium. The CAPD was validated in a cohort of 111 patients from a 
mixed surgical/medical PICU, performed with a sensitivity of 94% (95% CI 83–98) 
and specificity of 79% (95% 73–84) compared to psychiatry assessment using DSM 
criteria [62]. Consistency of scoring between nurse assessors was high (kappa 0.94, 
95% CI 0.68–0.78). In subgroup analysis, the CAPD had a sensitivity of 50% (95% 
CI 1.3–99%) and specificity of 98% (95% CI 94–100) in children aged greater than 
13 years of age, whereas in patients <2 years of age, the CAPD performed with a 
sensitivity of 100% and a specificity of 68% (95% CI 46–90). The CAPD may 
detect subtle behaviors over time that may otherwise be missed and does not require 
active patient participation [63, 64]. Using the CAPD “mid-shift” or at more fre-
quent intervals decreases the length of patient observation and therefore may lead to 
erroneous screening assessment [62]. The CAPD has been implemented in multiple 
PICU settings representing ease of use [62, 64, 65].

 The Preschool and Pediatric Confusion Assessment  
Methods for the ICU

The Preschool and Pediatric Confusion Assessment Method for the ICU (ps/
pCAM- ICU) is a largely interactive and “point-in-time” delirium assessment that 
is adapted from the highly valid adult Confusion Assessment Method for the ICU 
(CAM-ICU) [2, 42, 66] (Fig. 6.2). The adult and pediatric CAM-ICU series is 

Questions answered based on interactions with the patient over the
course of a nursing shift.

Delirium present when total score ≥ 9

1.   Does the child make eye contact with the caregiver?

2.   Are the child’s actions purposeful?

3.   Is the child aware of his/her surroundings?

4.   Does it take the child a long time to respond to interactions? 

®  Scored 4 (Never), 3 (Rarely), 2 (Sometimes), 1 (Often), 0 (Always) 
5.   Is the child restless?

6.   Is the child inconsolable?

7.   Is the child underactive: very little movement and interaction?

8.   Are the child’s responses sparse and/or delayed? 

®   Scored 0 (Never), 1 (Rarely), 2 (Sometimes), 3 (Often), 4 (Always) 

Fig. 6.1 Cornell 
Assessment of Pediatric 
Delirium . (Adapted 
schematic of the Cornell 
assessment for pediatric 
delirium. Adaptation based 
from Silver et al. [25])
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founded on DSM criteria for delirium and assesses for the following: feature 1, 
acute change or fluctuating course of mental status; feature 2, inattention; feature 
3, acute altered level of consciousness; and feature 4, presence of disorganized 
thinking or dysregulated systems [2, 5, 66, 67]. The hierarchal structure of the ps/
pCAM-ICU algorithm is efficient and focused on those symptoms, which are 
most consistent with delirium (i.e., inattention). Delirium is present when features 
1 and 2 are present (key DSM criteria) and either feature 3 or 4. The ps/pCAM-
ICU allows for a rapid assessment of delirium, taking less than 2 min to complete. 
Patient care can be personalized by using the ps/pCAM-ICU to monitor brain 
function at more frequent intervals (every 3  h) when dealing with the highest 
severity of illness (i.e., delirium screen used as an adjunct or an acute vital sign of 
decompensation) or decreasing frequency with resolving disease (every 6 h). The 
emphasis on neurocognition (i.e., patient reaction) as part of delirium screening 
using the ps/pCAM-ICU diminishes the subjective effect of the examiner’s inter-
pretations and thus improves accuracy [68].

The Pediatric Confusion Assessment Method for the Intensive Care Unit (pCAM- 
ICU) assesses for delirium in children at least 5  years of age, either on or off 
mechanical ventilation, and with developmental delay. The pCAM-ICU was vali-
dated in a prospective cohort of 68 patients admitted to the medical/surgical ICU 
and performed with a sensitivity of 83% (95% CI 66–93) and specificity of 99% 
(95% CI 95–100) compared to the reference standard psychiatry assessment using 

DELIRIUM = Features 1 AND 2 plus either Feature 3 or 4 

Feature 1

Acute Change / 

Fluctuating Course 

of Mental Status

Preschool 

CAM-ICU
(Question 1) Is there an acute change from baseline 

mental status?

(Questions 2) Has the patient’s mental status 

fluctuated during the past 24 hours?

PRESENT if 

‘YES’ to either

Question 1 or 2 Pediatric 

If Feature 1 is PRESENT, move onto Feature 2. If NOT present then STOP, DELIRIUM ABSENT 

Feature 2

Inattention

Preschool 

CAM-ICU

Attention exam showing 10 pictures/mirrors/toys 

(~ 10 seconds) and assessing for eye contact

PRESENT if 

3 or more errors

(No eye contact or 

incorrect response)
Pediatric 

CAM-ICU

Vigilance A test (ABADBADAAY) or Attention Screening 

Exam

If Feature 2 is PRESENT, move onto Feature 3. If NOT present then STOP, DELIRIUM ABSENT 

Feature 3

Acute Altered Level 

of Consciousness

Preschool 

CAM-ICU (Question) Is the patient currently alert and calm 

(RASS or SBS = 0)?

PRESENT if 

‘NO’

Not alert and calm
Pediatric 

CAM -ICU

If Feature 3 is PRESENT then STOP, DELIRIUM is PRESENT (Features 1, 2, 3). If NOT present, move onto Feature 4  

Feature 4

Disorganized 

Thinking or Systems

Preschool 

CAM-ICU

Symptoms of sleep wake cycle (SWC) disturbance 

assessed

Present when SWC 

disturbance present

Pediatric 

CAM-ICU

Child asked four simple Yes/No questions and given a 

2-step command (5 possible points)

Present if 2 or more 

errors

If Feature 4 is PRESENT, DELIRIUM is PRESENT (Features 1, 2, 4).  If NOT present, DELIRIUM ABSENT 

CAM-ICU

Fig. 6.2 Preschool and Pediatric Confusion Assessment Method for the ICU. Schematic of the 
Preschool and Pediatric Confusion Assessment Method for the ICU. (Adaptation based from 
Smith et al. [5, 52])
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DSM criteria [67]. The pCAM-ICU is also highly reliable (kappa 0.96, 95%CI 
0.74–1.0) regardless of assessor (i.e., nurse or physician). The pCAM-ICU per-
formed well in patients aged ≤12 years (sensitivity 100%, specificity 100%), aged 
>12 years (sensitivity 80%, specificity 99%), and those on mechanical ventilation 
(sensitivity 75%, specificity 92%). A second center validation of the pCAM-ICU 
also reported a sensitivity and specificity of 77% (95% CI 46–95) and 98% (95% CI 
90–100) [68]. Additionally, a severity scale for the pCAM-ICU (sspCAM-ICU) is 
also available, where the severity of inattention and altered mental status is scored 
ranging from 0 (no delirium) to 19 (delirium with maximum severity). The ssp-
CAM-ICU performed with a sensitivity and specificity of 85% (95% CI 54–98) and 
98% (95% CI 90–100), respectively, compared to reference standard assessment a 
cohort of critically ill children over 5 years of age [68].

The preschool CAM-ICU (psCAM-ICU) diagnoses delirium in critically ill 
infants and children less than 5 years of age and is a further adaptation of the pCAM- 
ICU to address the language and cognitive variations expected among infants and 
younger children [5]. Specific revision included the development of a reliable 10-s 
assessment for inattention in preverbal infants using pictures, mirrors, or toys 
(Fig. 6.3) and the use of surrogates for disorganized thinking including (1) sleep- 
wake cycle disturbance, (2) inconsolability, and (3) unawareness of surroundings 
[7, 35, 50, 51]. The psCAM-ICU was validated in a cohort of 300 patients admitted 
to a medical/surgical PICU, aged less than 5 years, with or without developmental 
delay, and either on or off mechanical ventilation and performed with a sensitivity 
of 75% (95% CI 72–78) and specificity of 91% (95% CI 90–93) compared to refer-
ence standard psychiatry assessment [5]. Reliability was high (kappa 0.79, 95% CI 
0.76–0.83). Subgroup analysis revealed that the psCAM-ICU performed well in 
patients aged <2 years (sensitivity 93%, specificity 78%) and those on mechanical 
ventilation (sensitivity 96%, specificity 81%).

Fig. 6.3 Inattention 
assessment in infants and 
children using the 
psCAM-ICU. Example of 
picture, mirror, and toy that 
can be utilized while 
assessing for inattention in 
feature 2 of the psCAM- 
ICU for infants and 
children. The chosen item 
is moved back and forth 
slowly approximately 12 
inches from the patient’s 
eyes 10 times, while the 
assessor observes whether 
the patient makes eye 
contact with the item a 
minimum of 8 times
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 Pediatric Delirium Prevalence

The prevalence of ICU delirium among infants and children (13–66%) has been 
well characterized following the implementation of valid pediatric-specific delirium 
screening tools, supporting the assessment of all motoric subtypes, and conduct of 
multiple larger prospective pediatric studies [5, 45, 61, 62, 64, 65, 67–72]. A higher 
delirium prevalence of ~50–70% has been reported in critically ill children less than 
5  years of age [5], those receiving mechanical ventilation [5, 71], postoperative 
cardiac patients [70, 73], and following general anesthesia and elective surgery in 
the immediate postoperative period [72]. The epidemiology of delirium is described 
in greater detail in Chap. 7 of this book.

 Implementation

The implementation of routine delirium screening may lead to early recognition of acute 
brain dysfunction and other disease states such as sepsis or low cardiac output. The 
development of ICU delirium is significantly associated with increases in length of 
mechanical ventilation, ICU length of stay, hospital costs, and mortality in pediatric 
patients [42, 65, 69, 74–77]. Therefore, the benefit of early recognition is the opportu-
nity to decrease delirium duration and positively impact the aforementioned short-term 
outcomes. Additionally, the presence of delirium can be a warning sign of impending 
decompensation when paired with mean arterial blood pressure, saturations, and/or 
other end points of oxygen delivery (e.g., lactate or mixed venous saturation). Likewise, 
the resolution of delirium can be an indicator of improvement following interventions 
personalized to patient care. Routine delirium monitoring empowers the bedside nurse 
and provides a sensitive indicator of changing clinical status and a means to discuss 
necessary reassessment and interventions with the medical team. The long-term impli-
cations of ICU delirium on the cognitive and psychological recovery of pediatric survi-
vors of critical illness remain unclear. However, preliminary reports of post-traumatic 
stress symptoms [77], longer school absences [78], and decreases in spatial and verbal 
memory and attention in PICU survivors direct attention to the possible long-term 
impact of critical illness and delirium in infants and children [79].

Successful implementation strategies for delirium monitoring rely heavily on 
early education for the interdisciplinary team concerning the clinical presentations, 
etiologies, risk factors, and management of delirium [18]. Furthermore, the benefi-
cial roles for psychiatry, neurology, occupational health, physical therapy, speech 
therapy, respiratory therapy, rehabilitation, and pharmacy should be appreciated and 
an opportunity to integrate their input on daily rounds supported by the medical 
team. Finally, the pertinent role of both the bedside nurse and patient family should 
be highlighted. The addition of any new patient care initiative may strain available 
resources including staff and faculty time. The bedside nurses are responsible for 
the medical care of the patient, accurate and timely documentation, ongoing patient 
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monitoring, and the emotional support of the family [18]. The success of delirium 
monitoring implementation hinges on the conclusion of the medical team that delir-
ium is important, it is prevalent, and though there may be times it is unavoidable in 
the setting of severe disease, we can avoid worsening brain dysfunction by averting 
iatrogenic harm and meeting the challenge of culture change in the PICU. Numerous 
well-designed prospective cohort studies have demonstrated the successful imple-
mentation of pediatric delirium monitoring using the abovementioned delirium 
tools [5, 45, 61, 62, 64, 65, 67–72]. Patient care becomes more robust as the medical 
team learns to distinguish anxiety from pain and pain and anxiety from inattention 
and accurate assessment of level of consciousness. These pieces are paramount to 
the consideration and management plan for patients both with and without delirium 
who require relief from painful procedures or ongoing mechanical ventilation. 
Hence, delirium monitoring, per se, even in the absence of high delirium prevalence, 
propels the medical team to a higher level of patient assessment and ongoing care.

Obstacles to implementation of delirium monitoring can be experienced upon the 
initial roll out, upon reassessment of a successful roll out, or months later. Any 
change in clinical care pathways will require rededication of effort and education at 
intervals based on the hospital team needs and resources. There are some general 
suggestions for dealing with common obstacles to practice change regarding delir-
ium that may be useful [8, 41]. First, many clinicians continue to believe that patients 
can be assessed for delirium without using a valid tool [19, 80, 81]. However, clini-
cians miss three out of four patients with delirium when not using a valid delirium 
tool [82]. Delirium monitoring is enhanced when put into the hands of bedside 
nurses, as their key understanding of the daily schedule of medications, therapies, 
and care challenges promotes the appropriate timing for neurologic and delirium 
assessment. Implementation of routine delirium monitoring can complement daily 
nursing assessments. Integrating a 10-s attention assessment using psCAM-ICU pic-
tures, mirrors, or even a familiar toy into a scheduled neurologic assessment avoids 
rendering delirium monitoring a daunting added task. Inattention screening is para-
mount for delirium screening, as inattention is the cardinal feature of delirium. 
When inattention is present, delirium presence is highly suggestive and empowers 
the bedside nurse to complete a delirium assessment and communicate the change to 
the medical team. Knowledge is power for the beside nurse and will ultimately lead 
to improved patient care. The huge benefit of delirium monitoring is further rein-
forced when nurses can observe other team members (i.e., nurse practitioner, attend-
ing physician) completing an assessment and the importance conveyed through 
actions and not simply patient care orders. Second, the key for long-term behavioral 
change in our patient care practices is the intentional modification of response when 
delirium is present. Nurses are immersed in numerous competing responsibilities 
that include fulfilling the new demands for delirium monitoring. If the medical team 
has no response to the presence of delirium, this may lead to future inaction regard-
ing delirium assessment. When delirium is present, the medical team may not be 
able to reverse the syndrome acutely but will always be able to incorporate plans for 
reassessment, further evaluate possible causes (e.g., new-onset sepsis or failed 
mechanical ventilation wean), initiate preventative strategies, or prescribe rescue 
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therapies for severe behavioral manifestations if present. The goal is to not ignore 
the condition of the patient nor the effort of the team. As part of the response to the 
presence of delirium, the decrease of, or transition to, new sedatives may be appro-
priate. Medical team members may be misinformed that a patient with delirium will 
be awakened and no longer to receive sedation despite being intubated or anxious. 
The goal here is to support team member concerns but be clear with the intent of 
decreasing iatrogenic harm while maintaining patient comfort and care which may 
include ventilator-patient synchrony. As the medical community continues to under-
stand more regarding pediatric delirium, diminishing risks for development of, or 
increasing duration of, delirium should be considered, such as minimizing benzodi-
azepine exposure and deep sedation or instituting targeted sedation [8, 18, 41, 74]. 
It is important to recognize that while delirium can develop or worsen in the setting 
of sedation exposure, it does not require sedation in order to be present. Just as the 
expectation is that patients will suffer some degree of renal insufficiency in the set-
ting of severe sepsis or shock, the focus becomes on minimizing iatrogenic harm, as 
an acute treatment to restore renal function is not available. The neurologic response 
to critical illness and the response of the medical team to a patient having delirium 
in many ways parallel this approach. Finally, the care team may be concerned that 
patients with delirium will be considered psychotic or be placed on antipsychotic 
therapy for a prolonged period. Education is highlighted here once again as delirium 
is by nature an acute syndrome of brain dysfunction. Therefore, though a patient 
may benefit from pharmacologic management of severe behavioral manifestations 
that sometimes may occur, there is no assumption of prolonged pharmacologic man-
agement of delirium [8, 18, 41, 74]. Rather, the focus should always remain on treat-
ing the source of delirium, not simply masking symptoms.

 Management

One of the key concepts for delirium management lies in the understanding that acute 
brain dysfunction often occurs due to the same disease-related sequelae (e.g., hypoxia, 
hypoperfusion, electrolyte imbalances, sedation exposure, sleep-wake cycle distur-
bance) that lead to multi-organ dysfunction during critical illness. Figure 6.4 demon-
strates an easy to use mnemonic – BRAIN MAPS – to remind clinicians of areas to 
focus on when dealing with a patient with, or at high risk for, delirium. Through the 
management of critical illness, while judiciously considering other disease or envi-
ronmental factors that may worsen acute brain dysfunction, the disruption of normal 
neurologic function will be remedied over time. However, the recognition of delirium 
and prompt response to decompensation related to delirium has not historically been 
part of the normal ICU patient care algorithm. As such, practices that lead to worsen-
ing of delirium (iatrogenic harm) have ensued [74, 83, 84]. Delirium management 
can be challenging as the ICU team attempts to meet the often-competing necessary 
therapies for multi-organ dysfunction. Furthermore, the management process for 
delirium can be grueling and disappointing to the family and medical team 

H. A. B. Smith and S. R. Williams



83

particularly in patients who require continuous sedation while receiving mechanical 
ventilation. Hence the creation and implementation of consistent and regimented 
care may impact our patients in a positive manner. The most important aspect of 
delirium management is routine assessment and “group think” to determine the etiol-
ogy, ongoing risk factors, and possible modes of prevention and management. Care 
plans cannot be accurately created or implemented without consistency in patient 
assessment for level of consciousness, delirium, and pain. One suggested process of 
rounding follows the “Pediatric Road Map” which is a series of questions that help 
guide consistent discussions regarding delirium and brain health. Using this para-
digm, the ICU team addresses the patient’s current condition, how they got to that 
point, where the team would like to focus care goals, and how they can expedite the 
patient’s clinical status to obtain those goals [8, 18, 41] (Case scenario in Fig. 6.4).

The ABCDEF bundle combines protocolized patient care processes with informa-
tive daily rounding routines that promote sharing of ideas using an interdisciplinary 

BRAIN MAPS:
Bring oxygen: hypoxemia, decreased cardiac output, anemia
Remove or Reduce deliriogenic drugs such as benzodiazepine or diphenhydramine
Atmosphere: consider lighting, noise level, schedules, restraints, family, staff 
Infection, Immobilization, Inflammation 
New organ dysfunction: acute onset of fever, respiratory distress
Metabolic disturbances: electrolyte imbalances, acidosis, alkalosis 
Awake: sleep-wake cycle disturbance
Pain: assure assessment, titration or management, and possible withdrawal
Sedation: assure assessment, establish targets, consider titration, and possible withdrawal

Case Scenario: Critically ill child requiring mechanical ventilation (MV) and receiving continuous sedation.

Day 1: Patient admitted for respiratory failure, now intubated on MV, requiring 90% FiO2, PEEP 12.  
Target RASS: (-) 3  
Actual RASS: (+) 1 to (-) 1, fluctuating mental status, patient struggling against the ventilator  
pCAM-ICU:    Delirium present
Problem: Patient is under-sedated in the setting of ARDS, ongoing hypoxia, and inadequate end-organ 

perfusion.  Patient-ventilator asynchrony is exacerbating the disease state.
Plan: Best approach would be to increase sedation. Fentanyl infusion is initiated for pain and to provide mild  

sedation.  Anxiety is treated with intermittent low-dose bolus midazolam on an as needed basis.

Day 4: Patient has demonstrated slow and steady improvement with improving oxygenation indices.  He remains on 
MV, requiring 40% FiO2, PEEP of 6, and the medical goal is to wean ventilation as tolerated.  Patient receiving  
dexmedetomidine and high-dose fentanyl continuous analgesia and sedation.
NEW Target RASS:  (-) 1 
Actual RASS: (-) 3 
pCAM-ICU:   Delirium present
Problem: Patient is now over-sedated in the setting of a resolving disease state and plan to wean MV.
Plan:  Titrate sedation and analgesia towards the target RASS. Wean ventilation as tolerated with aggressive goal 

of extubation. Consider early mobility, sleep wake cycle considerations, and family involvement. 

Day 5: Patient is successfully extubated overnight. The dexmedetomdine and fentanyl infusions were discontinued and 
replaced with as needed dosing of hydromorphone. Patient has not rested well. Patient is without respiratory 
distress.
Target RASS: 0 
Actual RASS: (+) 1 
pCAM-ICU:   Delirium present
Problem:  Patient continues to have delirium despite resolution of HYPOXIA and removal of DRUGS which may  

cloud the sensorium and exacerbate brain dysfunction.  The patient’s sleep wake cycle is disturbed.  
Plan: Consider child life consultation and aggressive move towards initiating a new day/night routine.  Consider 

sleep aide.  Reassess pain and anxiety, and consider iatrogenic withdrawal syndrome and treat when 
appropriate.  Consider other causes of delirium (BRAIN MAPS).

Fig. 6.4 Differential diagnosis of delirium. BRAIN MAPS is one of numerous acronyms to recall 
possible etiologies of delirium. (Adaptation based from Smith et al. [18])
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team with patient/family involvement [85–87]. The ABCDEF bundle includes the fol-
lowing individual bundle elements of (1) assessment, prevention, and management of 
pain; (2) breathing assessment using spontaneous awakening and breathing trials; (3) 
choice of analgesia and sedation; (4) delirium assessment, prevention, and manage-
ment; (5) early mobility and consideration of the ICU environment; and (6) family 
engagement and empowerment. Pun and colleagues were able to demonstrate that as 
the proportion of ABCDEF bundle elements that are implemented and performed reg-
ularly increases, the likelihood of delirium, coma, and death decreases, while the likeli-
hood of ICU and hospital discharge increases [88]. The main goal of this initiative is 
to liberate the patient from mechanical ventilation and the ICU environment, thereby 
decreasing exposure to numerous factors that increase the risk for delirium and poorer 
outcomes. Even in pediatric patients, Simone and colleagues demonstrated that by 
implementing bundle elements including protocolized sedation and early mobility 
delirium rates decreased by ~40% in a prospective study of 1875 children [64].

Though studies have not ascertained the full benefit of preventative strategies for 
delirium in critically ill children, the low risk of many of these environmental modi-
fications, such as supporting sleep hygiene (i.e., minimizing noise, lights off at 
night), deserves consideration for all patients admitted to the ICU [53, 89–91]. 
Family involvement in the pediatric ICU has provided abundant opportunities for 
collaboration between the medical and patient care teams. From creating a calm, 
familiar, and loving environment utilizing family pictures and cherished toys or 
blankets to emerging as part of the pain and anxiety comfort care plan, parents are 
key members of the interdisciplinary team [6, 92]. The connection between physical 
and cognitive health continues to develop, with numerous studies in adults demon-
strating decrease in prevalence and duration of delirium in adult cohorts who are 
mobilized early, even those that are critically ill [93, 94]. Recent studies have dem-
onstrated both the feasibility and preliminary impact of early mobilization on criti-
cally ill pediatric patients including decreasing delirium prevalence [64, 95]. Clearly 
the historical actions of expecting a sick child to be silent and motion free during 
their ICU stay directly clash with the now realized pathway for brain health.

Adjuncts to patient care that may ultimately prove to decrease delirium preva-
lence and improve neurobehavioral outcomes are those that support brain health and 
sleep hygiene. Critical illness or PICU environmental factors lead to inadequate 
REM and slow-wave sleep that are necessary for neuronal development in children 
[91]. Unfortunately, many clinicians assume opioids and sedatives improve sleep; 
however, these agents often decrease restorative sleep leading to sleep disturbances 
[91, 95]. Sleep-wake cycle disturbances may initiate or further exacerbate acute 
brain dysfunction or delirium. A cycle of dysfunction develops where delirium 
manifestations, such as agitation or restlessness, lead to increased sedation admin-
istration to provide “rest” that further aggravates brain function. Numerous non- 
pharmacologic approaches are available to promote sleep hygiene such as earplugs, 
eye masks, scheduled sleep/nap times, private rooms, and appropriate light levels 
depending on the time of day [96]. Pharmacologic strategies to enhance sleep may 
be beneficial. Melatonin is a hormone that promotes sleep via action on the supra-
chiasmatic nucleus in the hypothalamus, supporting the day-night cycle [97, 98]. 
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Sedation with dexmedetomidine may also support sleep hygiene at mild to moder-
ate sedative levels as it is associated with EEG patterns that closely mirror natural 
sleep [99].

In the PICU, continuous sedation is utilized in ~90% of infants and children while 
receiving mechanical ventilation [100, 101]. ICU sedation can benefit care of the 
critically ill patient by decreasing anxiety, improving oxygenation, and decreasing 
oxygen demand [102, 103]. Historically, the gamma-aminobutyric acid (GABA)-
ergic benzodiazepines have been the mainstay of sedation in the PICU, frequently 
resulting in high-dose exposure for multiple days. High-dose benzodiazepine admin-
istration is associated with delirium and prolonged ICU length of stay in critically ill 
infants and children [74]. Furthermore, benzodiazepine exposure and need for 
mechanical ventilation are independent predictors of delirium as demonstrated in a 
large pediatric multicenter point prevalence study [65]. Surprisingly, sedation levels 
in the PICU are commonly assessed as insufficient due to oversedation (30%) rather 
than under sedation (10%) [104]. Though sedation in the PICU may be unavoidable, 
routine assessment, targeted sedation, and use of innovative sedatives, such as dex-
medetomidine that naturally leads to more moderate sedation, may improve pediat-
ric outcomes. With the significant relationship between sedation choice and delirium 
prevalence and prolonged ICU and hospital length of stay in adults, the Society of 
Critical Care Medicine (SCCM) 2018 guidelines recommend maximizing analgesia 
“first” followed by non-benzodiazepine sedation for adult patients receiving mechan-
ical ventilation [93, 94, 105]. Dexmedetomidine, a short- acting alpha-2 agonist, is 
being used in the PICU setting at an increasing rate for sedation [106–109]. In pre-
liminary studies, dexmedetomidine is associated with decreased opioid and benzodi-
azepine exposure in critically ill children, as well as increased likelihood of ICU/
hospital discharge [110]. Similar to benzodiazepine and opioid use, long-term dex-
medetomidine administration can result in physiologic tolerance and withdrawal 
[111]. Without a transition in PICU culture to include consideration of targeted seda-
tion that encourages patients to be more alert and interactive, there is risk of trading 
the complication of delirium with others including iatrogenic withdrawal syndrome 
and adverse effects of other organ systems. Protocolization, targeted, and/or choice 
of sedation may be some of the most compelling and modifiable iatrogenic risk fac-
tors for delirium and short-term  outcomes in critically ill children [74, 112]. Patients 
who are likely to require prolonged continuous sedation may benefit from intermit-
tent administration of sedatives or non-benzodiazepine regimens to minimize risk for 
delirium. Targeted sedation may impact delirium prevalence by maintaining a higher 
level of consciousness when able and thereby decreasing drug exposure and allow-
ing for interaction with family and caregivers.

Severe psychomotor behaviors or manifestations of delirium may require more 
acute treatment for patient safety. The use of typical antipsychotics and atypical 
antipsychotics has shown little benefit in preventing or treating delirium in adults, 
though they may diminish the severity of delirium manifestations in some patients 
[6, 18, 53, 55, 56, 90, 113–120]. Haloperidol blocks primarily dopamine receptors in 
the brain, preventing excess stimulation of cortical pathways, providing anxiolysis, 
and restoring attention [6, 31]. Patients with severe behavioral manifestations of 
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agitation or combativeness due to hyperactive delirium may benefit from short-term 
haloperidol therapy. Atypical antipsychotics, such as quetiapine, risperidone, olan-
zapine, and ziprasidone, have some dopamine activity in addition to more extensive 
actions on acetylcholine, serotonin, and norepinephrine receptors [32, 53, 119, 121]. 
Patients with both hyperactive and hypoactive delirium may benefit from atypical 
antipsychotics and the multimodal effects. Though there may remain a role for inter-
mittent antipsychotic therapy in patients with severe manifestations of delirium, pre-
ventative management has not been shown as effective to decrease delirium 
prevalence in critically ill adults. Haloperidol and ziprasidone therapy did not reduce 
delirium, length of mechanical ventilation, ICU or hospital length of stay, or mortal-
ity in a large randomized control trial in critically ill adults [122]. The importance of 
identifying and treating the underlying cause of delirium is even more paramount 
with the possible diminished role of antipsychotics and atypical antipsychotics for 
acute brain dysfunction. Furthermore, the decision to use antipsychotics requires 
careful consideration of the risks and benefits, noting that there is no FDA approval 
for use in the setting of delirium for any age.

 Summary

The implementation of pediatric delirium monitoring and management offers an 
opportunity to greatly influence the care of critically ill children. Available valid 
bedside tools, inclusive rounding processes such as the “Pediatric Road Map” or the 
“ABCDEF” bundle, and preventative strategies for delirium may ultimately impact 
pediatric outcomes following critical illness. The goal of delirium monitoring and 
management is fully realized when a child is comfortable, able to interact with their 
environment and caregivers, while responding to treatment for both delirium and the 
disease state. This allows for a child who may “experience” critical illness but with-
out the discomfort and apprehension that we all perceive.
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Chapter 7
Epidemiology of Delirium in Children: 
Prevalence, Risk Factors, and Outcomes

Sean S. Barnes, Christopher Gabor, and Sapna R. Kudchadkar

 Introduction

Although the Diagnostic and Statistical Manual of Mental Disorders (DSM) estab-
lished diagnostic criteria for delirium in 1980, delirium research in the pediatric 
population has lagged significantly behind the mounting evidence in adults. A 2009 
systematic review of the literature on delirium in children and adolescents identified 
only case series and a few case reports totaling 217 children or adolescents [1]. 
However, the last decade has seen an explosion in pediatric delirium research result-
ing from the introduction of validated pediatric-specific delirium screening tools 
[2]. Several research groups have shown that the prevalence of delirium in critically 
ill children approaches estimates in adults, and a growing body of literature has 
begun to identify the risk factors and outcomes associated with delirium develop-
ment in children. While many of these risk factors and outcomes are parallel to 
those adults, there are specific predictors unique to the pediatric population.

In the latest edition of the DSM (DSM-5), the definition of delirium was modi-
fied to emphasize the cardinal features of diagnosis: (1) disturbances in attention or 
awareness, (2) changes in cognition, and (3) fluctuation in symptoms [3]. However, 
even this definition can be challenging to apply in the pediatric setting given 
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 substantial variability in the premorbid neurocognitive state and language abilities 
of children. Neither the DSM-5 nor International Classification of Diseases (10th 
edition) definitions include pediatric-specific delirium definitions [4], highlighting 
the importance of having validated pediatric-specific delirium screening tools, as 
was discussed in Chap. 6.

In order to understand the clinical burden and implications of delirium in chil-
dren, it is imperative to review the epidemiology of delirium including prevalence, 
risk factors, and outcomes in a vulnerable group of patients undergoing active neu-
rocognitive development.

 Description of Studies

While there are a small number of studies that have examined delirium in the pedi-
atric emergency department [5], neonatal intensive care unit [6] (NICU), and chil-
dren with oncological disease [7], delirium in children is most frequently studied in 
the pediatric intensive care unit (PICU). A recent systematic review on pediatric 
delirium from Holly et al. identified 21 studies investigating how delirium is recog-
nized in hospitalized children [8]. The overwhelming majority (90%) of these stud-
ies included PICU patients. Furthermore, only a small number of studies were 
prospective, with many case reports and case series included, providing a window 
into the current status of pediatric delirium research and future opportunities.

 Prevalence

Prevalence is defined as the number of existing cases at a single point in time, while 
incidence is defined as the number of new cases population at risk in a given time 
period. Historically, the prevalence of delirium in children was largely extrapolated 
from referrals to child psychiatry services [9]. Children and adolescents accounted 
for 10% of consultation-liaison psychiatry services and between 17% and 66% of 
psychiatry referrals from PICUs. Furthermore, early case reports seemed to under-
estimate the burden of delirium in critically ill children with an incidence of 4–5%, 
likely due to under diagnosis [1]. The introduction of validated pediatric-specific 
delirium screening tools has propelled the field of pediatric delirium research into 
the modern day. The majority of literature describes the prevalence of delirium in 
critically ill children often admitted to the PICU.

In 2011, Smith et al. introduced one of the first validated pediatric-specific delir-
ium screening tools [10]. In this study, a total of 68 pediatric critically ill patients, 
at least 5 years of age, were included in a prospective study to validate the Pediatric 
Confusion Assessment Method for Intensive Care Unit (pCAM-ICU). As detailed in 
Chap. 6, the pCAM-ICU was adapted from the well-established Confusion 
Assessment Method-ICU (CAM-ICU). The pCAM-ICU validation study identified 
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a prevalence of 13.2% among a mixed population of pediatric intensive care patients 
including medical, surgical, and cardiac diagnoses. Recognizing the pCAM-ICU 
was excluding a large population of critically ill children, Smith et al. went on to 
create and validate the Preschool Confusion Assessment Method for the ICU 
(psCAM-ICU) in 2016 [11]. This study included 281 critically ill children aged 
6 months to 5 years admitted to the PICU. In this younger population, the overall 
delirium prevalence was 44%. Interestingly, rates of delirium were 53% in patients 
<2 years of age versus 33% in patients 2–5 years of age.

The other major validated pediatric-specific delirium screening tool is the Cornell 
Assessment for Pediatric Delirium (CAPD). In the initial validation study by Silver 
et al. in 2014 [12], 111 patients of ages ranging from 0 to 21 years admitted to a 
tertiary PICU were found to have a delirium prevalence of 20.6%. Other notable 
findings from this study include higher prevalence for delirium in critically ill chil-
dren with developmental delay and higher severity of illness. The authors noted that 
children with developmental delay were diagnosed with delirium almost three times 
as often as children without delay (38.8% vs 13.9%). Additionally, those with a 
higher severity of illness, as determined by the Pediatric Index of Mortality II score, 
were also noted to have a higher likelihood of being diagnosed with delirium (29.7% 
vs 12.3%).

The largest study to establish the prevalence of delirium in the pediatric popula-
tion was published by Traube et al. in 2017 [13], with an overall objective to deter-
mine the prevalence of delirium in critically ill children and explore associated risk 
factors. The study was a multi-institutional point prevalence study including 25 
pediatric critical care units in the United States, the Netherlands, New Zealand, 
Australia, and Saudi Arabia. The majority of units were affiliated with universities; 
however, three were part of community hospitals. At the conclusion of the study, 
994 subjects were enrolled, and an overall point prevalence was 25%. These find-
ings were consistent with those of prior single-center studies that reported pediatric 
delirium rates ranging from 10% to 30% [14–16]. Of note, the delirium prevalence 
increased significantly (up to 38%) for those children admitted to the PICU for 6 or 
more days.

 Risk Factors

Current literature has identified many risk factors for the development of delirium 
in critically ill children (Fig. 7.1). Despite the physiological and developmental dif-
ferences between children (i.e., infants, toddlers, school age children, and adoles-
cence), there is significant overlap in the risk factors for developing delirium across 
these groups.

The point prevalence study described above is one of the largest studies examin-
ing pediatric delirium to date, identifying many risk factors included in Fig. 7.1. 
These include age (less than 2 years), mechanical ventilation, exposure to vasopres-
sor medications (potentially a marker for severity of illness), and antiepileptics. 

7 Epidemiology of Delirium in Children: Prevalence, Risk Factors, and Outcomes



96

Additionally, exposure to benzodiazepines, opioids, and use of physical restraints 
was strongly associated with delirium. Furthermore, the point prevalence study 
noted that the risk for developing delirium increased with the length of PICU admis-
sion [17]. Children admitted to the PICU with an infectious or inflammatory disor-
der had the highest rate of developing delirium (42%). These risk factors highlight 
how the most vulnerable patients are susceptible to developing delirium. In adults, 
the elderly are often most at risk for developing delirium; however, in children, it is 
the youngest who are most at risk. Similar to adults, those receiving mechanical 
ventilation are at significant risk for developing delirium. While adult studies are 
conflicting, early pediatric studies have shown that blood transfusions in the criti-
cally ill child are independently associated with the development of delirium.

A recent study by Nellis et al. identified that children who were transfused red 
blood cells (RBCs) were more than twice as likely to develop delirium during their 
admission compared with children who were never transfused. The authors observed 
a temporal relationship among transfused children, and for each additional 10 mL/
kg of RBCs transfused, recipients were 90% more likely to develop delirium [18].

Medication exposure can also be a risk factor for the development of delirium in 
critically ill children. Fortunately, medication exposure is also one of the most com-
mon potentially modifiable risk factors.
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Fig. 7.1 Risk factors associated with delirium in critically ill children
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Approaches in minimal but effective sedation in pediatric critical care have 
lagged behind adults. Many PICUs around the world still implement a combination 
of opioid and benzodiazepine as the primary sedatives for critically ill children [19]. 
Both opioids and benzodiazepines are known independent risk factors for the devel-
opment of delirium in children. Traube et  al. demonstrated that benzodiazepines 
were strongly associated with transition from normal cognitive status to delirium. In 
a retrospective observational study, they found that benzodiazepine use more than 
quadrupled delirium rates with an odds ratio of 4.4 [20]. In a secondary analysis of 
the psCAM-ICU validation study, Smith et al. demonstrated that greater benzodiaz-
epine exposure was significantly associated with a lower likelihood of ICU dis-
charge, longer delirium duration, and increased risk for delirium the following day 
[21]. Additionally, exposure to anticholinergic drugs may potentiate the effects of 
benzodiazepines and increase the risk of developing delirium [22]. While sedatives 
are often needed for mechanical ventilation in postoperative pediatric patients, the 
postoperative period in and of itself is a known risk factor for the development of 
delirium.

In fact, the postoperative period is a particularly vulnerable time for children to 
develop delirium. Meyberg et al. have published two articles on the same cohort of 
children investigating delirium in the postoperative period [23, 24] and identified 
specific risk factors for developing delirium in the postoperative period. Younger 
children develop delirium more frequently and with more pronounced symptoms. 
Interestingly, the number of preceding operations did not influence the risk of delir-
ium. Of note, the authors identified that patients receiving total intravenous anesthe-
sia had a lower risk of developing delirium than those who had received inhalational 
anesthesia. Lastly, invasive catheters, respiratory devices, and the development of 
an infection all increased the risk of developing delirium. A secondary analysis of 
this cohort described two different patterns of delirium in postoperative children 
admitted to the PICU. One pattern was an early short-lasting delirium (24 h), and 
the other was a longer more severe course. Overall the incidence of delirium was 
66%, and the group was evenly split in each pattern.

There are special pediatric populations that are more likely to develop delirium. 
Two notable populations are children requiring extracorporeal membrane oxygen-
ation (ECMO) and cardiac surgery. In a prospective observational longitudinal 
cohort study, Patel et al. describe delirium in children requiring ECMO [25]. In this 
study, eight patients accounted for 72 days of ECMO, and all patients developed 
delirium. The authors found that only 13% of ECMO days were categorized as 
delirium-free and coma-free, and the majority of patient days on ECMO were spent 
in coma (65%). Children undergoing cardiac surgery, and specifically surgery with 
cardiopulmonary bypass, are particularly susceptible to development of postopera-
tive delirium [26]. In a prospective observational single-center study, Patel et  al. 
report delirium prevalence of 49% in children after cardiac surgery with cardiopul-
monary bypass [27]. The authors note that delirium often lasted 1–2 days and devel-
oped within the first 1–3 days after surgery. Similar to other postoperative pediatric 
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delirium studies, age less than 2 years was a risk factor for developing delirium. 
Other unique risk factors included developmental delay, higher Risk Adjustment for 
Congenital Heart Surgery-1 (RACHS-1) score, cyanotic disease, and albumin less 
than 3 g/dL.

 Outcomes

There is a paucity of studies examining outcomes in pediatric delirium. However, 
emerging literature would suggest that children share many of the same unfavorable 
outcomes associated with delirium as adults (Fig. 7.2). In a prospective longitudinal 
cohort study of 1547 consecutive patients, Traube et al. characterized the epidemiol-
ogy and outcomes of pediatric delirium [28]. In this study, delirium was diagnosed 
in 17% of all subjects and lasted a median of 2 days. Similar to adults, most cases 
of delirium were of the hypoactive and mixed subtypes, 46% and 45%, respectively. 
Core outcome measures such as length of stay were increased in children with 
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Fig. 7.2  Outcomes associated with delirium in children in the ICU
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delirium, as was duration of mechanical ventilation. Finally, the authors identified 
that delirium was a strong and independent predictor of mortality with an adjusted 
odds ratio of 4.39. While other studies had identified that prolonged stay in the 
PICU was associated with delirium, this is one of the first studies to highlight the 
impact of delirium on mortality.

Another emerging outcome of interest in the study of delirium is the cognitive 
and behavioral consequences of delirium. Recent evidence supports the concern 
that adults who develop delirium are at an increased risk for a decline in cognitive 
and adaptive functioning. To begin to explore this topic in critically ill children, 
Meyburg et al. conducted a single-center point prevalence study to investigate the 
long-term neurocognitive impact of delirium on children [29]. Contrary to the find-
ings in adults, the authors found no clear association between pediatric delirium and 
long-term neurocognitive outcomes. Larger multicenter studies are now required to 
further evaluate this relationship.

An often overlooked outcome in delirium is healthcare costs. Delirium in adults 
has been associated with an increase in healthcare costs, with some estimates at over 
4 billion dollars annually [30]. While on a smaller scale, pediatric delirium likely 
contributes to an overall increase in healthcare costs in the United States. In a single- 
center study, Traube et al. found that a diagnosis of delirium is associated with an 
85% increase in PICU costs, and at their institution, this increase in cost was 
approximately $14,000 per admission [31]. With an incidence of delirium of 16% 
(in their cohort) and roughly 250,000 children admitted to critical care units in the 
United States annually, this would translate into an increase in hospital charges of 
more than $560 million each year.

 Conclusion

Much has been learned about the epidemiology of pediatric delirium over the last 
decade. Due to advances in delirium screening methods in children, we now know 
that one in four children admitted to the PICU are likely to suffer from delirium. 
Delirium itself significantly impacts length of stay in the hospital and dramatically 
increases overall hospital cost. The prevalence is even higher in special pediatric 
populations, such as those who require ECMO or cardiac surgery. However, much 
less is known about delirium in children outside the PICU. With emerging literature 
on the benefits of the ABCDEF bundle and extrapolated data from our adult col-
leagues, Fig. 7.3 highlights potential practices for prevention and management of 
delirium in children. Significant contributions have been made to the study of pedi-
atric delirium, but much work is still to be done.
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 Introduction

Over the last two decades, delirium has been identified as a major morbidity of criti-
cal illness leading to increased hospital length of stay, ICU days, mortality, and 
long-term cognitive impairment with loss of independence and quality of life [1–4]. 
Much of delirium research has been repeatedly validated in medical, surgical, and 
cardiovascular critical care patients. Delirium metrics, however, are not as widely 
applied in patients with acute primary brain dysfunction, also known as primary 
neurologic injury (PNI) related to stroke (ischemic and hemorrhagic) or traumatic 
brain injury (TBI) [2, 5–7].

Until recent years, the limited investigations and application of delirium in PNI 
are likely rooted in the assumption that delirium cannot be assessed in these patients. 
PNI can result in permanent structural injury to the brain leading to lifelong changes 
in cognition, language, perception, motor ability, and sensorium. These acute 
changes can make delineating secondary cerebral dysfunction, such as delirium, 
from the primary injury very difficult. However, a growing number of studies have 
shown delirium assessment in neurologically injured patients is possible and that 
delirium after PNI has similar poor outcomes compared to non-PNI cohorts.

In this chapter, we hope to better clarify the existing data on prevalence and out-
comes of delirium in PNI patients. Further, we hope to provide a platform for future 
studies and delineate what is still not understood from the available literature.

 Delirium Assessment in Primary Brain Injury

Even after PNI, delirium assessment is still based on four main criteria (i.e., acute 
onset with fluctuating course, inattention, disorganized thinking, altered level of 
consciousness) derived from the Diagnostic and Statistical Manual of Mental 
Disorders version IIIR (DSM-IIIR), DSM-IV, and more recently DSM-V.  In 
patients with PNI, Inouye’s Confusion Assessment Method (CAM) [8] has been 
studied, as has Ely’s Confusion Assessment Method for ICU (CAM-ICU) [9]. The 
CAM-ICU utilizes the Richmond Agitation-Sedation Scale (RASS) as part of its 
assessment for consciousness. Patients with coma (RASS scores of −4 and −5) 
are unable to be assessed for delirium with the CAM-ICU. This challenge exists 
for many patients with severe PNI, as they often start and/or progress to a coma-
tose state.

Other assessment methods have been used in patients with PNI, including the 
Intensive Care Delirium Screening Checklist (ICDSC) [10, 11] and the 4-A Test 
(4AT) rapid clinical test for delirium [12, 13]. We note that there are currently no 
delirium assessment tools that are specifically tailored toward patients with PNI.

Assessment of delirium in patients with PNI has been performed less universally 
than in other critically ill patient cohorts. Elements contributing to this difference 
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include comatose state, unclear neurologic baselines after PNI, and communication 
difficulties such as aphasia limiting ability for interactive assessment. Most impor-
tantly, acute mental status changes in patients with PNI must first be assessed for 
acute processes such as further ischemia, cerebral edema, hemorrhage, seizures, or 
encephalitis (Fig.  8.1). Once these have been ruled out, additional sources of 
changes of mental status from new baseline are relevant to delirium measurement.

 Review of the Primary Literature

Building on a recent systematic review on delirium in neurologically injured patients 
[14], we hope to further detail the primary literature on the evaluation of delirium in 
patients with PNI. We specifically focus on delirium findings as it relates to three 
subcategories of neurologic injury: TBI, intracerebral hemorrhage, and ischemic 
stroke.

Additional
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Additional
Hemorrhage

Ischemia

 Hemorrhagic stroke

Traumatic brain injury

Seizure
Cerebral edema

Ischemic stroke

Worsening
 hemorrhage

Delirium

Fig. 8.1 Differential diagnoses for mental status change in the neurologically injured
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 Traumatic Brain Injury

TBI, defined as an alteration in brain function caused by an external force, is a major 
public health concern, with an incidence exceeding two million individuals annu-
ally in the USA alone [15]. Only two studies were identified in the most recent lit-
erature on the evaluation of delirium in a TBI population. These studies both confirm 
the ability to assess delirium in individuals with TBI.

The first is a 2008 retrospective review by Scherer et al. of 132 patients admitted 
to an inpatient brain injury neurorehabilitation unit post-hospital discharge from an 
acute hospital admission for TBI [16]. Individuals with confusion while in rehabili-
tation had worse clinical and long-term outcomes. Using their own internally vali-
dated Confusion Assessment Protocol, the authors noted a longer acute hospital 
length of stay in patients with delirium. Employability and productivity status at 
1-year post-injury for discharged patients who survived, the primary outcomes for 
this study, were lower in individuals who experienced longer confusion times.

A second study sought to validate screening tests for delirium in a TBI popula-
tion. In a 2016 prospective study of patients with mild to moderate TBI admitted to 
an ICU following multisystem trauma, Frenette et al. assessed patients at three sepa-
rate time points during the ICU hospitalization for delirium with the CAM-ICU, the 
ICDSC, and psychiatric evaluation using the DSM-IV-TR [17]. Compared to the 
DSM-IV-TR gold standard, CAM-ICU and ICDSC had sensitivities of 62 and 64%, 
specificities of 74 and 79%, and good inter-rater reliability (kappa 0.64 and 0.68), 
respectively. Both assessments had similar positive predictive values (63 vs 74%) 
and negative predictive values (70 vs 69%). Of note, the assessment of delirium 
with CAM-ICU and ICDSC assessments in the second study was done by pharma-
cists and then compared to the assessment of intensivists and psychiatrists. Although 
in clinical practice these assessments are traditionally completed by bedside nurses, 
the high inter-rater reliability again demonstrates the capability of a wide range of 
providers to administer these tests.

Overall there is a paucity of data describing delirium in the TBI population. The 
INSIGHT-ICU (Illuminating Neuropsychological dysfunction and Systemic 
Inflammatory mechanisms Gleaned after Hospitalization in Trauma-ICU Study, 
clinicaltrials.gov NCT03098459) [18] is an accruing prospective cohort of critically 
ill trauma patients, which will better define the impact of delirium in trauma ICU 
patients with and without TBI.

 Hemorrhagic Stroke

Nontraumatic intracerebral hemorrhage, (ICH) or hemorrhagic stroke, affects 
approximately 100,000 new individuals per year in the USA [19]. The following 
studies show that delirium can be adequately assessed in individuals with nontrau-
matic ICH and that delirium after this form of PNI is associated with worse long-
term outcomes.

M. F. Nordness et al.
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In a 2013 study by Naidech et al., patients (n = 114) with nontraumatic hemor-
rhagic stroke in the ICU were assessed twice daily for delirium via the CAM-ICU 
by bedside nurses [20]. Delirium prevalence was 27%, and symptoms were nearly 
always hypoactive rather than hyperactive. The presence of delirium led to a statisti-
cally significant increase in both ICU and hospital length of stay even after control-
ling for patient age, benzodiazepine use, and admission National Institute of Health 
Stroke Scale (NIHSS). Delirium was also associated with worse quality of life, poor 
executive function, and decreased cognition at 1-year assessments even after adjust-
ing for other factors. Of note, this population had lower reported baseline levels of 
dementia than other stroke populations.

In 2017, Rosenthal et al. examined another prospective cohort of patients with 
spontaneous nontraumatic ICH (n = 174), with 30% of patients developing delir-
ium, as assessed twice daily by trained nursing staff using the CAM-ICU [21]. 
Patients with delirium had worse cognitive function and quality of life at 28-days 
and 1-year post-hospital discharge even after controlling for severity of neurologic 
injury, age, and time of assessment. There was no documented association between 
medication or infection and delirium. They also noted a close association of delir-
ium with agitation (as assessed by the RASS) in this hemorrhagic stroke population 
and worse outcomes in those with documented delirium and agitation. This study, 
like others, excluded individuals with severe ICH as they were unable to be assessed 
due to coma.

 Ischemic Stroke

There are approximately 700,000 individuals affected by cerebrovascular accident, 
or ischemic stroke, annually in the USA. Combined with the aforementioned ICH, 
stroke is the fifth leading cause of death in the USA [19]. Assessing delirium in this 
population has been documented in a larger number of studies than other PNI popu-
lations. Six studies documented an 11.8–43% prevalence of delirium in the isch-
emic stroke population (sometimes admixed with hemorrhagic stroke). A number of 
delirium risk factors were identified, including age, stroke severity, and certain 
stroke characteristics [22–27]. Delirium was also associated with worse outcomes 
in this stroke population [22, 24, 26].

In a 2011 study, patients admitted to a Netherlands stroke unit (n = 527) were 
assessed for delirium via CAM at two separate time points in the hospitalization, 
reporting an 11.8% overall prevalence [22]. Oldenbeuving et al. attributed the low 
delirium prevalence to the limited time frame for assessment (two time points vs 
multiple daily assessments) given that acute onset and fluctuating course is a hall-
mark delirium feature. Risk factors for delirium included pre-stroke cognitive decline, 
infection, higher NIHSS, and brain atrophy. Delirium was independently associated 
with higher length of stay and worse functional outcomes but not with mortality.

In a 2012 study by Kostalova et al., patients (n = 119) with either ischemic or 
hemorrhagic stroke admitted to an ICU were followed up to 1 week [23]. Daily 
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delirium assessments were completed by trained professionals using DSM-IV 
 criteria and CAM-ICU. Delirium prevalence was 43%, with 67% of cases within the 
first 24 h of poststroke admission. Onset of delirium occurred within the first 5 days 
of stroke onset, with a median duration of 5 days. Risk factors for delirium included 
increasing age, suspected or diagnosed pre-stroke dementia, lab markers associated 
with chronic alcoholism (elevated gamma-glutamyl transferase and thrombocytope-
nia), and increased severity of illness via metabolic derangements (hyponatremia, 
creatinine, hyperbilirubinemia). Stroke characteristics associated with increased 
delirium risk were hemorrhagic stroke, large ischemic volume (>40 cm3), and large 
hemispheric infarctions (total anterior circulation infarction).

Also in 2012, Mitasova et al. reported a delirium prevalence of 24% with daily 
CAM-ICU assessment in patients with either ischemic or hemorrhagic stroke evalu-
ated in the ICU for 1 week post-event (n = 129) [24]. As compared to the study era’s 
DSM-IV gold standard, the CAM-ICU assessment in this population demonstrated 
high sensitivity and specificity (76% and 98%), accuracy (94%), and inter-rater reli-
ability (kappa 0.94). Delirium in this poststroke population was independently asso-
ciated with longer hospital length of stay, even after adjusting for other clinical 
factors (e.g., age, gender, prestrike dementia, NIHSS on admission, severity of ill-
ness score, aphasia). Patients with stroke and delirium had worse functional status 
than non-delirious stroke patients, but delirium was not an independent risk factor 
for mortality after adjusting for clinical characteristics.

In 2013, Lees et al. assessed patients (n = 111) with acute stroke for delirium at 
one time point between day 1 and 4 post admission to a dedicated stroke unit with a 
variety of screening tests [25]. This sample population, which excluded individuals 
with severe stroke, included a high prevalence of individuals with pre-stroke demen-
tia (41%) as assessed by the Informant Questionnaire on Cognitive Decline in the 
Elderly (IQCODE) and high levels of cognitive impairment as assessed by Montreal 
Cognitive Assessment (MoCA), up to 85% using the most sensitive cutoff (MoCA 
<26). Using the CAM assessment as the reference standard, the 4AT test demon-
strated high sensitivity (1.0, 95% CI [0.74–1.0]) and specificity (0.82, 95% CI 
[0.72–0.89]) for delirium detection. Abbreviated mental tests (AMT-10 and AMT-4) 
had lower sensitivity (0.75, 0.83) and specificity (0.61, 0.61) for delirium 
detection.

In a 2018 prospective cohort study, patients (n = 261) admitted with initial or 
recurrent ischemic stroke were assessed for delirium using CAM assessments at 
two different times during their first hospital week, with a reported 14.6% delirium 
prevalence [26]. Of note, Qu et al. excluded preexisting cognitive disorders such as 
dementia. Risk factors for delirium were increased age, higher NIHSS at admis-
sion, and prior stroke. Stroke-specific characteristics that were predictors of delir-
ium included left cortical infarcts, larger infarct volume, and more severe medial 
temporal lobe atrophy  – all of which are also associated with advanced age. A 
smaller number of patients with and without poststroke delirium were assessed at 3 
and 6 months. Poststroke delirious patients (n = 38) showed trends toward worse 
functional outcomes, but this was not statistically significant likely due to small 
sample size.
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A 2018 study by Pasinska et al. assessed patients (n = 750) admitted with ischemic 
or hemorrhagic stroke with the abbreviated CAM (bCAM) or CAM-ICU [27]. 
Prevalence of delirium was 27% with hypoactive and mixed subtype being the most 
common (41.9% and 39.9%, respectively), while a small number developed hyperac-
tive delirium (15.3%). Independent risk factors for delirium that were identified 
included pre-stroke mental status, cumulative illness rating score, and admission cogni-
tive dysfunction (MoCA score). Elevated white blood cell count and urinary tract infec-
tion during admission were risk factors for developing delirium. Of note, right-sided 
lesions were more suggestive of future delirium with a trend toward significance.

 Discussion

A review of the literature emphasizes that delirium after PNI is a clinically relevant 
phenomenon and deserves further scientific inquiry. From the available studies, 
delirium after PNI likely has an impact on functional outcomes but with an unclear 
impact on mortality. The lack of association of delirium after PNI with survival may 
be related to the use of improved biostatistical techniques and covariate adjustment. 
Common risk factors that may potentiate delirium included pre-stroke dementia or 
functional impairment, age, medical comorbidities, degree of neurologic impair-
ment after stroke (NIHSS scores), and certain anatomic areas of injury.

Individuals with PNI have a unique risk for delirium, as there are actual structural 
disturbances within the brain, compared to other critically ill populations without 
PNI. Several of these studies remarked on structural components as possible risk fac-
tors for delirium [21–23, 26, 27]. The larger prospective studies evaluating a post-
stroke population, such as those by Qu et  al. [26], Pasinska et  al. [27], and 
Oldenbeuving et al. [22], were the most robust investigations on the structural com-
ponents of poststroke delirium. Separately identified in these different studies, 
regions of the brain that have potentially increased delirium risk when injured include 
parahippocampal regions [21], anterior circulation strokes [22, 23], and both right 
[21, 22, 27] and left [26] hemisphere strokes. One explanation for these variable find-
ings is that any larger insult may facilitate either profound language and cognitive 
deficits or visuospatial abnormalities, such as hemineglect that may either promote 
delirium and/or make it more difficult to diagnose in light of our current delirium 
assessment methods being dependent on language production, comprehension, and 
visuospatial reasoning. Kostalova et al. alluded to these suggestions and showed that 
the volume of brain injured correlated with risk of delirium development [23].

The primary structural insult in these patients, differing them from other criti-
cally ill cohorts, creates a perpetual confounder, as it can be unclear whether the 
clinical constellation we evaluate is a result of this underlying structural abnormal-
ity, as opposed to true secondary brain dysfunction of delirium caused by infectious, 
metabolic, and/or hypoxic reasons. As always, delirium must be a diagnosis of 
exclusion after other life-threatening PNI-related causes of altered mental status are 
considered (Fig. 8.1).
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An important item to note in the assessment of delirium in PNI is the establish-
ment of a “new baseline.” This was explicitly mentioned in two works from the 
same group [23, 24] on the evaluation of patients with stroke. These patients were 
evaluated on admission for a “new baseline.” This baseline was adjusted upward if 
their mental status improved to its pre-hospital state, but otherwise delirium was 
identified with fluctuations in mental status from this new post-PNI baseline, not 
from what is considered “normal” or pre-PNI.

Another important factor affecting the bedside assessment of delirium is the 
impact of aphasia or communication deficits after PNI. Mitasova et al. noted false- 
positive assessments of delirium with the CAM-ICU, as compared to DSM-IV, due 
to underlying global or receptive (i.e., Wernicke’s) aphasia [24]. Assessment of 
delirium with bedside tests in this subset of patients must take into account the 
patient’s ability to understand verbal or written instructions and respond to visual, 
auditory, or tactile stimuli. Further work is needed in this realm for better rapid 
delirium assessments in the aphasic or sensory-deprived PNI patient population.

 Conclusion

The current literature on delirium after PNI is not as robust as that for other critically 
ill patients, but the emerging literature suggests similar findings to non- neurologically 
injured delirium cohorts hailing from medical and/or surgical ICUs. Delirium is 
measurable after PNI with reasonable test characteristics for a number of delirium 
assessment tools. After PNI, there is a significant impact of delirium on hospital and 
ICU length of stay, as well as cognitive and functional outcomes, but delirium’s 
impact on mortality in PNI has yet to be properly established [14]. The best data are 
in poststroke delirium, with a significant paucity of large prospective studies in 
patients with TBI. The INSIGHT-ICU Study is an accruing prospective cohort that 
will better define the impact of delirium in a critically ill trauma cohort with and 
without TBI [18]. Further work needs to be done both on confirming the outcomes of 
delirium and potentially different subsets of risk factors in patients with PNI, as well 
as the development of delirium assessment methods tailored to patients with altered 
language processing and visuospatial deficits from their underlying brain injury.
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Chapter 9
Neuroimaging Findings of Delirium

Robert Sanders and Paul Rowley

 Introduction

The clinical significance of delirium may be contrasted with our limited understand-
ing of its pathogenesis [1]. In particular, how the symptoms of delirium may arise 
so suddenly and severely, and yet then often dissipate days later, is perplexing. The 
lack of robust animal models that mimic the behavioral and cognitive changes in 
delirium further hampers our insights. This has led many groups to turn to neuroim-
aging as a tool to gain a greater understanding of the pathogenesis of delirium. Up 
front, it is important to acknowledge the limited gains that may be expected from 
this approach. Firstly, delirious patients are unlikely to cooperate with imaging 
(though hypoactive delirious patients may) [2]. Secondly, it is expensive, logisti-
cally complex, and occasionally unpleasant for the patient to undergo imaging, 
making this research hard to perform, often leading to limited sample sizes in imag-
ing studies. Thirdly, delirium is a heterogeneous condition, and thus it is likely that 
it may be provoked by diverse pathological mechanisms, making imaging research 
more difficult again [3].

That said, providing insight into vulnerable brain regions in delirium or altered 
neuronal dynamics may illuminate the “black box” that is our understanding of 
delirium pathogenesis. Given the constraints above, research must proceed (at least 
initially) in a focused, hypothesis-driven manner. Recently the Cognitive 
Disintegration model [4] has been proposed wherein delirium is proposed to result 
from a breakdown in connectivity in higher order “cognitive” brain regions, such as 
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frontoparietal networks like the default mode network [4]. As such prior to delirium, 
weakened  connectivity in these networks could bring someone closer to a “delirium 
threshold” in connectivity making them more vulnerable to any subsequent precipi-
tant for delirium. Some predisposing factors for delirium, for example, have been 
associated with impaired functional and structural connectivity, and delirium has 
been associated with impaired functional connectivity on electroencephalogram 
(EEG) monitoring. While the literature to date is perhaps inconclusive, neuroimag-
ing research in delirium certainly warrants further study, especially when combined 
with clear hypotheses about the nature of the pathogenesis of delirium.

 Materials and Methods

 Search Strategy

A PubMed search using the terms “delirium, imaging” was performed on 28 
November 2018 (Fig.  9.1). This query returned 548 results which were initially 
screened based on their titles and abstracts. Five hundred twenty-two publications 
were excluded from further evaluation if they were editorials, commentaries, 
reviews, case reports, or irrelevant. Studies deemed irrelevant included those inves-
tigating disorders other than delirium defined as an acute confusional state. The full 
texts of 50 publications were read and included if quantitative analytic or reliable 

PubMed search: (delirium) and
imaging

Identified 548 articles
using PubMed

Reviewed 522 Titles
and Abstracts

Reviewed full text of
50 articles

472 articles did not meet
inclusion criteria (unrelated topic,
pediatric, case reports, reviews,

opinions, or editorials)

29 articles removed that did not
meet inclusion criteria (delirium
not assessed using quantitative

measure). 

21 Included articles

Fig. 9.1 Systematic 
review flow diagram
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qualitative neuroimaging disease classification scales were reported. Twenty-one 
publications met all these criteria (Table 9.1).

 Inclusion Criteria

Studies were considered for inclusion if (1) imaging modalities such as computer-
ized tomography (CT), functional magnetic resonance imaging (fMRI), diffusion 
tensor imaging (DTI), or positron emission tomography (PET) were used, and (2) 
the study reported quantitative measures such as cerebral blood flow (CBF), diffu-
sion metrics (e.g., fractional anisotropy [FA]), volumetric analyses (e.g., gray mat-
ter volume), glucose metabolism (e.g., standardized uptake value ratios [SUVR]), 
or measured brain pathology using reliable disease classification scales (e.g., 
Fazekas scale for characterizing white matter lesions [29]).

 Outcome Measures

Studies included described delirium incidence and severity using at least one of the 
following delirium assessment methods: Confusion Assessment Method (CAM), 
Confusion Assessment Method Short Form (CAM-S), Confusion Assessment 
Method for the ICU (CAM-ICU), Delirium Rating Scale-Revised-98 (DRS-98), 
and/or Diagnostic and Statistical Manual for Mental Disorders (DSM-IV) criteria. 
Studies were included if delirium diagnosis was based on prospective diagnosis 
and/or validated methods for retrospective diagnosis of delirium by chart review 
[30, 31].

 Associations Between Delirium and Cerebrovascular 
Pathology

We identified 12 studies that investigated associations between cerebrovascular 
pathology (e.g., white matter hyperintensity burden [WMHB], brain atrophy) and 
delirium.

A prospective study of delirium in 47 intensive care unit (ICU) patients (median 
age = 58 years) involved baseline cognitive assessments (IQCOD-SF), 1-year fol-
low- up cognitive testing, and volumetric MRIs at discharge and 3 months after dis-
charge [8]. This study found greater brain atrophy (as measured by a larger 
ventricle-to-brain ratio [VBR]) associated with delirium duration at discharge 
(p = 0.03). Longer duration of delirium was also correlated with smaller superior 
frontal lobe (p = 0.03) and hippocampal volumes (p < 0.001). Furthermore, worse 
cognitive performance on the RBANS battery at 1  year after discharge was 
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 associated with greater brain atrophy (i.e., VBR) at 3  months after discharge 
(p = 0.04). Analysis of volumetric brain MRIs acquired 3 months after discharge 
compared to imaging at 1 year follow-up found smaller frontal lobe, thalamic, and 
cerebellar volumes at 3 months associated with worse performance on executive 
function and visual attention assessments at 12 months after discharge. Associations 
between brain volumes and cognitive outcomes (global RBANS score, memory, 
executive functioning, attention and concentration, visual spatial construction, and 
language) were adjusted for age at study enrollment and presence of sepsis at any 
time during ICU stay; however, analyses were not corrected for multiple 
comparisons.

A retrospective analysis of preoperative brain MRIs from 130 cardiac surgery 
patients (mean age = 66.9 years) found white matter hyperintensity burden (WMHB) 
in the 18 patients (14%) who developed delirium was significantly greater than in 
those without delirium (p  =  0.03) [11]. Relative to patients without delirium, 
patients who developed postoperative delirium (POD) were also found to have a 
significantly greater proportion of severe periventricular white matter disease 
(Fazekas score 3) (p = 0.04). Multiple logistic regression analysis additionally iden-
tified severe deep WMH (Fazekas score 3) (odds ratio (OR) 3.9, p = 0.02), abnormal 
creatinine level (creatinine >1.1 mg/dL) (OR 4.5, p = 0.01), and duration of surgery 
(OR 1.4, p = 0.02) as independent predictors of delirium.

A retrospective analysis of preoperative brain MRIs from 47 age- and gender- 
matched patients (23 delirious, 23 not delirious, mean = 74 years) who had surgical 
resection of non-small cell cancer found patients who developed POD displayed 
greater presurgical global WMHB (p = 0.017) than patients without delirium [10]. 
WMHB was calculated as the ratio of WMH to total intracranial volume, whereas 
cerebral atrophy was calculated by percent cerebrospinal fluid (CSF) as a fraction of 
intracranial volume (ICV). While this study found greater WMHB associated with 
advanced aging (p = 0.002), it did not find a significant difference in cerebral atro-
phy between delirious patients and those without delirium. Advanced aging for all 
patients was significantly associated with cerebral atrophy (p = 0.007).

A prospective study involving 116 cardiac surgical patients (mean 
age = 64.3 years) reported a significant reduction in temporal and limbic gray matter 
volume in the 16% (19/116) of patients who developed POD relative to 65 age-
controlled non-delirium patients [18]. Delirium was diagnosed using DSM-IV cri-
teria. Delirium severity was quantified using the DRS-98 score. Brain volumes were 
calculated using automatic atlas-based and voxel-based morphometry. Relative to 
patients without delirium, the delirium cohort demonstrated significant reductions 
in gray matter volume in the temporal transverse gyrus (F = 13.615, p < 0.0036), 
middle temporal gyrus (F  =  14.033, p  <  0.0036), fusiform gyrus (F  =  18.424, 
p < 0.0036), and hippocampus (F = 9.539, p < 0.0036). There was no significant 
decrease in global white matter volume among patients with delirium. A receiver 
operating characteristic (ROC) analysis revealed atrophy of the fusiform gyrus, 
middle temporal gyrus, and limbic lobe to be moderately predictive of POD 
([AUC = 0.824, p < 0.001], [AUC = 0.813, p < 0.001], [AUC = 0.764. p < 0.001], 
respectively). Linear regression analysis found weak, albeit statistically significant 
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correlations between age of the non-delirium group and associated gray matter 
 volumes for the fusiform gyrus (r = 0.316, p = 0.010) and middle temporal gyrus 
(r = 0.378, p = 0.002). In a similar analysis for the delirium group, linear regression 
analysis found a statistically significant correlation between age and middle tempo-
ral gyrus volume reduction (r = 0.516, p = 0.024).

A prospective cohort study of 88 patients undergoing elective off-pump coronary 
artery bypass (OPCAB) reported 66% (55/80) of patients developed POD [13]. 
Postoperative brain MRI revealed 7.9% (7/88) of patients had new ischemic lesions 
that were not present on preoperative brain MRI. Multivariate logistic regression 
analysis found new ischemic lesions (OR 11.07, 95% confidence interval [CI] = 
1.53–80.03; p = 0.017) and deep subcortical WMH (OR 3.04, 95% CI = 1.14–8.12; 
p = 0.027) were significantly associated with POD.

A retrospective chart review study examining the association of brain MRI char-
acteristics and POD in cardiac surgery patients reported a delirium prevalence of 
35.4% (28/79) [12]. An unadjusted analysis found patients who developed POD had 
significantly higher ventricular size compared to patients who did not develop delir-
ium (p = 0.002).

An analysis from a subsample of the Successful Aging after Elective Surgery 
(SAGES) study found that in 146 elderly patients (≥70 years) without dementia, 
there was no statistically significant difference in WMHB (p = 0.710), brain atrophy 
(p = 0.334), and hippocampal atrophy (p = 0.862) between the 22% (32/146) of 
patients who developed POD and those who did not (114/146) [14]. All patients 
completed baseline cognitive testing within 2 weeks prior to surgery. Incidence and 
severity of delirium were measured by either CAM alone (0/32), a validated chart 
review method (9/32), or both (23/32). Presurgical MRI indices of brain damage, 
which included WMHB (by proxy of white matter hyperintensity volume), brain 
atrophy (by proxy of brain parenchymal volume [BPV]), and hippocampal volume, 
were found to have no significant impact on POD incidence; this lack of effect was 
robust in both an unadjusted and adjusted regression model which included the fol-
lowing covariates: intracranial cavity volume (ICV), age, gender, global cognitive 
performance (GCP), and vascular comorbidity. However, there was an effect of pre-
surgical MRI indices (WMH volume, brain atrophy, and hippocampal) on delirium 
severity (as measured by CAM-S test Long Form); in the fully adjusted model, 
white matter hyperintensity volume was found to be significantly reduced in the 
delirium group (p = 0.045).

A prospective study of 90 patients with intracerebral hemorrhage used voxel- 
based lesion-symptom mapping with acute CT to identify hematoma locations asso-
ciated with delirium symptoms (N = 89 patients included in analysis) [15]. Delirium 
was assessed using CAM-ICU and occurred in 28% (25/89) of patients. Patients 
with hematoma in the right parahippocampal gyrus, right anterior superior longitu-
dinal fasciculus (SLF), and right posterior SLF were significantly associated with 
the delirium group. Based on the results of voxel-based lesion-symptom mapping 
analysis, hematoma locations were treated as regions of interest (ROI) to assess the 
increased likelihood of delirium symptoms given hematoma location. The investi-
gators found hematoma within the ROI increased relative risk for delirium by 6.8 
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(95% CI = 2.7–17.0, Z = 4.1, P < 0.0001; OR 13.0, 95% CI = 3.9–43.3, Z = 4.2, 
P < 0.0001). Relative risk for hematoma within separate ROIs was calculated and 
found statistically significant associations for each region: parahippocampal gyrus 
relative risk = 7.8, 95% CI = 1.7–36.1, Z = 2.6, P = 0.009; posterior white matter 
relative risk = 6.9, 95% CI = 2.0–24.1, Z = 3.1, P = 0.002; and anterior white matter 
relative risk = 6.5, 95% CI = 1.5–28.6, Z = 2.5, P = 0.01.

A case-control retrospective chart review of n = 200 military veterans (100 deliri-
ous, 100 age-, sex-, race-matched controls) examined the association of white mat-
ter lesions (WML), cerebral atrophy, intracranial extravascular calcifications, and 
ventricular-communicating hydrocephalus discovered on CT with delirium [22]. 
Patients with delirium were found to have significantly more WMLs in the periven-
tricular temporal lobe, subcortical temporal lobe, globus pallidus, putamen, and 
internal capsule (p = 0.001, p = 0.038, p = 0.036, p = 0.005, p = 0.019, respec-
tively). Logistic regression for various sizes of WML in brain areas in military vet-
erans with and without delirium revealed significant associations between temporal 
periventricular WML of <1 cm, 1–2 cm, and >2 cm and delirium occurrence ([OR 
20.1, p  =  0.024], [OR 30.7, p  =  0.009], [OR 120.9, p  =  0.018], respectively). 
Military veterans with WML less than 1 cm in the globus pallidus, putamen, and 
internal capsule were also significantly associated with the delirium group ([OR 
0.005, p = 0.039], [OR 00.3, p = 0.002], [OR 00.4, p = 0.010]). There was also a 
significant association between parietal and cerebellar atrophy and delirium occur-
rence among military veterans (p = 0.044, p = 0.041, respectively).

A prospective study examining environmental and clinical risk factors for delir-
ium in a neurosurgical center reported a delirium incidence of 13.2% (29/200) [24]. 
MRI on admission to the neurological intensive care unit and global WMH was 
assessed using Fazekas criteria; univariate analysis revealed patients with severe 
white matter disease were significantly more likely to become delirious than those 
without severe white matter disease (OR 7.826, p = 0.0001). Additionally, the uni-
variate analysis showed patients diagnosed with subarachnoid hemorrhage on 
admission were also significantly more likely to become delirious than patients 
without subarachnoid hemorrhage (OR 4.933, p = 0.0293).

As a sub-analysis of the Successful Aging after Elective Surgery (SAGES) study, 
an investigation into the association between Alzheimer’s-related cortical atrophy 
and POD reported a delirium incidence of 22% (32/145) in a population of elderly 
patients without dementia who underwent elective surgery [25]. There was no sig-
nificant association between preoperative MRI estimates of cortical thickness within 
a set of nine regions associated with Alzheimer’s disease (termed the “AD signa-
ture”) and delirium incidence. However patients who developed delirium were 
found to have significantly thinner superior parietal cortex than patients without 
delirium (p = 0.018) at baseline. Among patients who developed delirium, delirium 
severity was predicted by a significant reduction in cortical thickness of the middle 
frontal gyrus, superior frontal gyrus, supra marginal gyrus, and superior parietal 
cortex (p = 0.028, p = 0.011, p = 0.012, p = 0.004, respectively).

Delirium occurred in 14.6% (38/261) of patients enrolled in a prospective cohort 
study assessing the incidence of and risk factors for delirium following acute 

9 Neuroimaging Findings of Delirium



126

 ischemic stroke [27]. A univariate analysis of MRI data acquired within 7 days of 
admission revealed patients with poststroke delirium (PSD) displayed significantly 
greater infarct volume and medial temporal lobe atrophy than patients without PSD 
(p < 0.001, p < 0.001, respectively). Furthermore, multivariate logistic regression 
analysis of risk factors for PSD revealed patients with previous stroke and left corti-
cal infarct were significantly more likely to develop delirium than patients without 
either risk factor (p = 0.006, p = 0.001).

Cerebrovascular pathology, such as age-related atrophy, white matter disease, 
and ischemic lesions, is common among patients with delirium and seem to cluster 
in regions critical to memory and attention. However, the evidence does not point to 
a discrete pattern of vascular brain lesions to reliably predict or retrospectively 
explain delirium.

Association Between Delirium and Cerebral Blood Flow

In a study of ten ICU patients (mean age = 47.5 years) diagnosed with hypoactive 
delirium [2], regional cerebral blood flow (rCBF) was measured using xenon-
enhanced computer tomography (Xe-CT) during delirium and after delirium 
resolved [5]. Global cerebral blood flow (CBF) was significantly decreased during 
delirium compared to after delirium resolved (p = 0.0056). Cortical CBF was also 
significantly decreased during delirium across all reported regions. The most sig-
nificant decreases in cortical CBF occurred in bilateral frontal (p = 0.0010) and 
right frontal regions (p = 0.007). Subcortical CBF was also significantly diminished 
during delirium with the most significant decreases observed in the left lenticular 
nucleus (p = 0.0038), left thalamus (p = 0.0044), and bilateral thalami (p = 0.0045).

A study demonstrated cerebral blood flow MRI in the nondemented elderly is not 
predictive of POD but is correlated with cognitive performance [17]. Preoperative 
brain MRIs from 146 patients (ages ≥70 years) were acquired within 1 month of 
surgery, and baseline cognitive assessments were performed within 2 weeks prior to 
surgery. Twenty-two percent (32/146) of patients were prospectively diagnosed with 
delirium based on confusional assessment method (CAM) alone (0/32), retrospec-
tively based on chart review (9/32), or both (23/32). Delirium severity was prospec-
tively measured during hospital stay using the CAM short form (CAM-S). This 
study found no significant association between voxel-wise cerebral blood flow mea-
sures with delirium incidence or severity. This negative finding was robust in follow-
up analyses which included other covariates such as vascular comorbidities and 
years of education. Positive associations were however found between CBF of the 
posterior cingulate and precuneus and baseline performance on cognitive tests such 
as the Hopkins Verbal Learning Test Total Recall (HVLT-R Total Recall), Visual 
Search and Attention Test (VSAT), and the general cognitive performance measure 
(GCP). Thus, differences in cerebral blood flow before delirium do not seem to pre-
dispose to delirium, but studies suggest that CBF may be reduced during delirium.
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 Associations Between Delirium and Impaired  
Functional Connectivity

We identified several studies which investigated impaired functional connectivity 
(FC) in delirium.

In a case-control functional MRI (fMRI) study, 22 actively delirious patients 
(mean age = 73.6 years) and 22 age-matched comparison patients received resting-
state fMRI scans [7]. Of the 22 delirious patients, 14 completed follow-up scans 
after delirium resolved. Functional connectivity was assessed by seeding the poste-
rior cingulate cortex (PCC) and measuring FC between the PCC seed and “a priori 
subcortical regions related to acetylcholine and dopamine.” Differences in FC were 
assessed between 18 of the 20 initial scans (2 excluded due to head movement) and 
13 follow-up scans in the delirium group. Follow-up scans were acquired an average 
of 5.8 days after the initial scan. FC differences between the 18/20 of the delirious 
and 20 comparison patient scans were also evaluated. The investigators reported 
that fMRI data from comparison subjects revealed inversely correlated activity 
between the PCC and the dorsolateral prefrontal cortex bilaterally. Actively deliri-
ous patients (also referred to as “during-episode patients”) showed a positive cor-
relation between these two regions as well as the left inferior frontal gyrus and 
precuneus bilaterally. Data acquired from actively delirious patients also showed 
significantly decreased connectivity between the PCC and left cerebellum com-
pared to the comparison group (Tmax = −5.333). Patients who had previously been 
delirious showed no correlation with any dorsolateral prefrontal cortex region on 
fMRI scans acquired after delirium resolved.

Analyses of FC strengths between subcortical regions revealed similar patterns 
of positively correlated activity between regions in control patients and post- 
resolution delirium patients. Actively delirious patients, however, lacked signifi-
cantly correlated FC between several pairs of regions. These pairs of regions 
include the intralaminar thalamic nuclei and nucleus basalis (p = 0.888), the intra-
laminar thalamic nuclei and ventral tegmental area (p = 0.103), the caudate and 
mesencephalic tegmentum (p  =  0.225), and the caudate and nucleus basalis 
(p = 0.065). Relative to comparison subjects, during-episode patients had reduced 
correlation between the intralaminar thalamic nuclei and the mesencephalic teg-
mentum, nucleus basalis, and ventral tegmental area. Decreased correlation coef-
ficients for connections of the mesencephalic tegmentum with the ventral 
tegmentum area were also detected (p = 0.049) in during-episode patients relative 
to comparison subjects.

Greater FC between the bilateral precuneus and PCC in during- episode patients 
was correlated with delirium severity, as measured by Memorial Delirium 
Assessment Scale (MDAS) (left precuneus r = −0.47, p < 0.05; right precuneus 
r = −0.58, p < 0.01). This FC association with delirium was also detected when 
delirium severity was measured by the Delirium Rating Scale- Revised- 98 (left pre-
cuneus = −0.58, p < 0.01; right precuneus r = −0.62, p < 0.01). Delirium duration 
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was negatively correlated with the increased FC between PCC and bilateral precu-
neus (left precuneus r = −0.80, p < 0.01; right precuneus r = −0.66, p < 0.05).

Resting-state functional MRI was collected from 34 delirious patients and 38 
non-delirious controls to assess differences in FC of the circadian clock and neural 
substrates of sleep-wake disturbances in delirium [23]. Seed-based connectivity of 
the suprachiasmatic nucleus (SCN) was compared between groups. Analysis of the 
FC data found connectivity between the SCN and right cerebellum was signifi-
cantly decreased in delirious patients compared to controls without delirium 
(p = 0.02).

In a study investigating network disintegration during delirium, resting-state 
functional MRI were collected from 22 delirious and 22 age- and sex-matched 
non- delirious controls [26]. Controls were also matched on degree of white matter 
hyperintensity burden. Of the 22 patients in the delirium cohort, imaging exams 
were acquired from 16 patients. Of these 16 imaging exams, 9 were acquired from 
delirious patients, whereas 7 were collected from patients after delirium resolu-
tion. Global network analysis revealed connectivity strength was significantly 
reduced in the post-delirium group (M 0.16, SD 0.01) compared to the control 
group (M 0.19, SD 0.02) with a difference of −0.04 (95% CI −0.05, −0.02, cor-
rected p = 0.001) and compared to the delirium group (M 0.17, SD 0.03) with a 
difference of −0.02 (95% CI −0.02–0.00, corrected p = 0.027). Diameter, a mea-
sure of the efficiency of global network organization, was significantly increased 
during delirium (M 0.03, SD 0.05) compared to the control group (M 0.28, SD 
0.04) with a difference of 0.04 (95% CI −0.01–0.08, corrected p = 0.024). Leaf 
fraction reflects the extent to which the network has central, integrated organiza-
tion and was found to be significantly decreased during delirium (M 0.32, SD 
0.03) compared to control group (M 0.35, SD 0.03), with a difference of −0.02 
(95% CI −0.04–0.02, corrected p = 0.027). There were significant negative cor-
relations between delirium duration and leaf fraction (rho = −0.73, p = 0.039) and 
between delirium duration and tree hierarchy (rho = −0.92, p = 0.001). Analysis 
of regional measures by degree, an indication of the importance of a node in the 
network, found the degree of right posterior cingulate cortex was lower in the 
delirium group compared to the control group (corrected p = 0.039). Betweenness 
centrality is defined as the fraction of shortest paths that pass through a particular 
node and was found to be lower in the right inferior temporal gyrus in the delirium 
group compared to the control group (corrected p = 0.004). There was decreased 
betweenness centrality of the orbital part of the right middle frontal gyrus, right 
medial orbitofrontal cortex, and left anterior cingulate in the delirium group 
 compared to the post-delirium group (corrected p = 0.030, corrected p = 0.016, 
corrected p = 0.031, respectively).

Disturbances in functional connectivity during and after episodes of delirium are 
observed in the limited set of functional imaging studies on delirium. In particular, 
breakdown in short- and long-range connections, especially those involving the pos-
terior cingulate cortex (PCC), appears to be a common feature of delirium.
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 Associations Between Delirium and White Matter Integrity

Five studies used diffusion tensor imaging (DTI) to examine white matter tract char-
acteristics associated with delirium. A study of 116 surgical patients (mean age 
64.3 years) reported 19 of the 116 patients (16.4%) were delirious [6]. Of these 19 
patients with delirium, 18 (94.7%) were older than 60 years. Voxel-wise analysis of 
preoperative DTI brain scans revealed a significantly increased incidence of POD in 
individuals with lower fractional anisotropy (FA) in widespread deep white matter 
structures bilaterally, bilateral thalamus, and corpus callosum compared to non-
delirious patients (p < 0.001 uncorrected). When the analysis was adjusted for age, 
a significant decrease in FA was only detected in the left frontal lobe white matter 
and left thalamus when compared to the non-delirium group.

A two-center, prospective cohort study used DTI to examine the relationship 
between delirium duration, white matter integrity, and cognitive impairment in 47 
ICU survivors (median age 58 years) [9]. Patients were scanned at discharge and at 
3 months follow-up. Increased duration of delirium (3 vs 0 days) was associated 
with decreased FA in the genu (−0.02; p = 0.04) and splenium (−0.01; p = 0.02) of 
corpus callosum and anterior limb of internal capsule (−0.02; p  =  0.01) at dis-
charge. Neuroimaging at 3 months after discharge demonstrated persistent reduc-
tions for the genu (−0.02; p = 0.02) and splenium (−0.01; p = 0.004).

In another DTI study, presurgical diffusion MRIs were collected from 136 elderly 
patients (≥70 years). Twenty-one percent (29/136) of these patients developed POD 
[16]. POD diagnosis was made prospectively using the confusional assessment 
method (CAM) (24/29) or retrospectively based on chart review (5/29). After adjust-
ing for variables such as age, gender, and vascular comorbidity, abnormalities in 
white matter tracts (as indicated by decreased fractional anisotropy (FA), increased 
axial diffusivity (AD), increased mean diffusivity (MD), and increased radial dif-
fusivity (RD)) were positively associated with delirium incidence and severity 
across several brain regions. FA in the cingulum and corpus callosum was signifi-
cantly decreased in the delirious group compared to patients without delirium 
(p = 0.002, p = 0.002, respectively). Delirious patients were found to have signifi-
cantly greater AD in corpus callosum (p = 0.004) and right temporal lobe (p = 0.015) 
compared to patients without delirium. MD was significantly increased in delirious 
patients in the cingulum (p = 0.008), left frontal lobe (p = 0.013), left cerebellum 
(p = 0.002), and right parietal lobe (p = 0.001). Compared to patients without delir-
ium, delirious patients were found to have significantly increased RD in the cingu-
lum (p = 0.001), frontal lobe (p = 0.006), and left and right cerebellum (p = 0.001, 
p = 0.001).

An additional analysis of a subset of the Successful Aging after Elective Surgery 
(SAGES) study examined longitudinal diffusion changes in a cohort of older adults 
(≥70 years) without dementia who underwent elective surgery [20]. Postoperative 
delirium occurred in 22% (25/113) of participants who had DTI before and 1 year 
after surgery. Multiple linear regression analysis adjusted for age, sex, education, 
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and baseline general cognitive performance (GCP) found a positive association 
between changes in GCP over 1 year and reductions in FA and increases in MD, 
predominantly in the posterior temporal, parietal, and occipital white matter 
(p = 0.02).

A retrospective chart review investigating CT and MRI findings among hospital-
ized patients identified delirium occurrence in 5% (1653/32,725, median 
age = 80 years, IQR 71–86, 54% male) of the study population [28]. Within the 
cohort of delirious patients who had cerebral imaging (538/1653, 33%), 11% 
(n  =  57) of CT brain scans most commonly showed evidence of hemorrhage 
(n = 23), followed by infarct (n = 18), suspected neoplasm (n = 15), and posterior 
reversible encephalopathy (n = 1). Brain MRI was completed in 17 delirious patients 
with evidence of pathologic changes on brain CT (17/57); in two cases of suspected 
neoplasm based on CT, diagnoses were changed after brain MRI to an abscess and 
an infarct.

Diffusion tensor imaging studies of delirium have shown patients with delirium 
often demonstrate decreased white matter integrity within the prefrontal cortex, cin-
gulum, and corpus callosum. Nevertheless, future studies are needed to clarify the 
relationship between DTI measures and delirium pathogenesis.

 Associations Between Delirium and Amyloid Positron 
Emission Tomography

We identified two studies that center on positron emission tomography (PET) imag-
ing findings associated with delirium.

A multimodal imaging study used 18F-Flutemetamol PET, DTI, and resting state 
functional MRI to investigate the association of POD with markers of neurodegen-
eration and brain amyloidosis [21]. The study found 45% (5/11) of patients devel-
oped POD.  All delirious patients in this study were amyloid negative, and 54% 
(6/11) patients without delirium displayed brain amyloid positivity. Compared to 
patients without delirium, patients who developed POD displayed significantly 
lower gray matter volumes in the amygdala (p = 0.003) and in the middle temporal 
gyrus and in the anterior cingulate cortex (p < 0.001) and increased diffusivity in the 
genu of the corpus callosum and in the anterior corona radiata (p < 0.05). Analysis 
of functional connectivity data revealed high functional connectivity within the 
default mode network, particularly in the right and left superior parietal cortex, in 
the patients without delirium compared to those with delirium. Voxel- wise tract-
based analysis showed no significant difference between groups in FA; however, 
POD patients were found to have higher mean, axial, and radial diffusivity in the 
genu of corpus callosum and anterior corona radiata compared to patients without 
delirium.

One study investigated disturbances in cerebral glucose metabolism in elderly 
inpatients (median age = 84 years) during delirium (N = 13/13) and after delirium 
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resolution (N = 6/6) using 2-18F-fluoro-2-deoxyglucose (FDG) positron emission 
tomography (PET) [19]. All participants (N = 13) showed evidence of cortical hypo-
metabolism during delirium that improved upon delirium resolution (N = 6/6). The 
authors report glucose metabolism was higher post-delirium in the whole brain and 
bilateral posterior cingulate cortex (PCC) compared to during delirium (p < 0.05).

Despite constituting the smallest category of imaging studies on delirium, PET 
is already proving to be a promising approach for tracing disturbances in brain glu-
cose metabolism to cognitive changes during and after delirium.

 Discussion

In general, these studies demonstrate that delirious patients have sicker brains prior 
to a stimulus than non-delirious subjects, but these associations are slightly fragile 
as there is little consideration for the precipitating event that actually induces the 
delirium. Nonetheless, they provide important preliminary insights about what 
makes a delirious subject’s brain vulnerable to delirium. It seems consistent that 
both gray and white matter degeneration may predispose to delirium. In particular, 
differences in structural connectivity appear to be associated with subsequent delir-
ium; whether this can be meaningfully used to predict delirium in other cohorts 
should be tested. These changes are broadly consistent with our Cognitive 
Disintegration model, but the role of degenerating gray matter was not covered in 
our model and may be critically important, especially if specific cell types or synap-
tic loss can be identified to be selectively degenerating. Perhaps most intriguing is 
the recent paper suggesting that amyloid beta deposition is not associated with 
delirium, contrasting with strong evidence that dementia predisposes to delirium. 
While this study was very small and prone to selection bias, it seems to oppose the 
view that dementia pathology is associated with delirium based on studies of cere-
brospinal fluid markers of dementia [32]. A large amyloid PET study is required to 
resolve this ambiguity.

In contrast, differences in cerebral blood flow before delirium do not seem to 
predispose to delirium. Studies of the critical dynamic phase of delirium (i.e., dur-
ing delirium) are rare. Studies suggest that CBF may be reduced during delirium, 
and functional connectivity may shift from baseline patterns to a new network ori-
entation with greater connectivity in posterior cortex and impaired connectivity of 
subcortical regions. These latter studies are remarkably difficult due to motion arti-
fact, and this makes reproducing these results of particular importance. Nonetheless 
the fact there are changes in CBF and connectivity during delirium is an important 
insight. Of course, decreases in CBF may also make interpretation of changes in 
fMRI connectivity (a measure that is dependent on blood flow) more complicated, 
and this confound requires that other imaging modalities are considered when 
assessing the pathophysiology of delirium. While CBF studies suggest frontal corti-
cal involvement, fMRI studies suggest that the most relevant connectivity changes 
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may occur posteriorly in cortex or at a subcortical level in delirium. This  discordance 
is intriguing and may yield important clues about the pathophysiology of delirium. 
However, a key issue is to understand the direction of causality (if any) between 
these findings. Assuming causation from observational imaging studies is clearly 
dangerous and warrants cautious interpretation. Nonetheless it appears biologically 
plausible that changes in blood flow (presumably indicating changes in neuronal 
activity) and functional connectivity (presumably reflecting integration of informa-
tion across neurons) may be associated with delirium.

 Future Directions

Future studies must concentrate on reproducing prior findings and consideration of 
both imaging and confounding factors including the severity of the precipitating 
event. Ideally, longitudinal scanning designs will be adopted to improve the likeli-
hood that any factor identified changed contemporaneously with delirium symp-
toms. In particular, resolving the role of amyloid pathology and delirium seems a 
key issue for the field.
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Chapter 10
Inflammatory Biomarkers 
and Neurotransmitter Perturbations 
in Delirium

José R. Maldonado

 Introduction

Delirium is an acute neuropsychiatric syndrome characterized by acute changes in 
cognition (e.g., perceptual distortions, impairment in abstract thinking, memory 
impairment, disorientation), psychomotor alterations (e.g., hyper- or hypoactivity), 
disturbances in the circadian sleep-wake cycle, emotional disturbance (e.g., irrita-
bility, anger, fear, anxiety, perplexity), and altered level of consciousness and atten-
tion (e.g., reduced ability to direct, focus, sustain, and shift attention) [1]. Delirium’s 
prevalence surpasses that of all other psychiatric syndromes in every medical unit in 
which it has been studied [2], from the general medical setting (between 15% and 
60%) [3, 4], among the elderly admitted to a general hospital (between 6% and 
46%) [5], in the postoperative setting (between 10% and 74%) [6, 7], and in up to 
87% of critically ill patients in the intensive care units [8].

Delirium is a neurobehavioral syndrome caused by the transient disruption of 
normal neuronal activity secondary to systemic disturbances [9–11]. Over the years, 
multiple theories have been proposed to explain the processes leading to the devel-
opment of delirium [12, 13]. Most of these theories are complementary, rather than 
competing, as there is significant interdependence among most of them (see 
Fig.  10.1). It is likely that none of the previously postulated theories by itself 
explains the phenomena of delirium but rather that a multitude of them act together 
to lead to the biochemical derangement we know as delirium. The latest such theory 
is the Systems Integration Failure Hypothesis (SIFH) which proposes that individu-
als have varying degrees of non-modifiable factors, or substrates, and that this 
“load” will determine the basic frailty of the system in an inverse relationship with 
acute “precipitants and modifiable” factors (e.g., infection and inflammation, sleep 
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deprivation, trauma, surgery, hypoxia, medication use, substances of abuse, organ 
failure, electrolyte imbalance, metabolic derangement) [13]. Ultimately, the SIFH 
proposes that the specific combination of neurotransmitter dysfunction and the vari-
ability in integration and appropriate processing of sensory information and motor 
responses, as well as the degree of breakdown in cerebral network connectivity, 
directly contributes to the various cognitive and behavioral changes and clinical 
motoric phenotype observed in delirium [13]. There are a number of patient-specific 
physiological characteristics that serve as substrate to the development of delirium 
(Fig. 10.2). Of these, this article will focus on neuroinflammation as a substrate for 
delirium and its relationship to the development of specific neurotransmitter pertur-
bations characteristic of the syndrome of delirium.

 The Neuroinflammatory Hypothesis of Delirium

The “neuroinflammatory hypothesis” (NIH) of delirium theorized a pathophysio-
logical link between delirium and a broad array of infectious and inflammatory 
abnormalities, suggesting that the central nervous system (CNS) and the peripheral 
immune system maintain a dynamic cross talk to tightly coordinate the innate 
immune response [14]. Accordingly, the NIH proposes that delirium represents the 
CNS manifestation of a systemic disease state that has crossed the blood-brain bar-
rier (BBB) [12, 15]. Even though there are circumstances associated with a high 
occurrence of delirium (e.g., infections, postoperative states) which are associated 
with compromise of BBB integrity, a physical failure of the BBB is not required. In 
fact, there are many illness processes (e.g., bodily trauma, peripheral infections, 
surgical procedures, use of extracorporeal circulation, hypoxia) which may intro-
duce triggering factors leading to the activation of the inflammatory cascade 
(reviewed by Maldonado 2008, 2013) [12, 13].

Systemic inflammation has long been recognized as a  trigger for episodes of 
delirium, particularly in elderly or demented patients, even though their deliriogenic 
effect seems to be lessened in younger and non-demented patients [16–26]. In fact, 
the Greeks used the term phrenitis, meaning “acute inflammation of mind and body” 
to describe an acute alteration of brain functioning (mind or thinking) associated to 
a bodily disease process as opposed to conventional madness, or what we would 
describe nowadays as mental illness [23, 27, 28].

This does not mean that there needs to be an infectious or inflammatory process 
in the CNS, as in the case of meningitis, but rather that the brain monitors the pres-
ence of peripheral inflammation. Instead, the NIH suggests that acute peripheral 
inflammatory processes (e.g., infections, surgery, trauma) are able to induce activa-
tion of brain parenchymal cells and expression of proinflammatory cytokines and 
inflammatory mediators in the CNS (e.g., CRP, IL-6, TNF-alpha, IL-1RA, IL-10, 
and IL-8 [16, 29]), which in turn induces neuronal and synaptic dysfunction that 
may serve as the substrate for the neurobehavioral and cognitive symptoms charac-
teristic of delirium (Fig. 10.3) [14, 24, 30–35].
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 Systemic Inflammation Leading to Acute Brain Dysfunction 
and Sickness Behavior

Multiple studies have demonstrated the brain’s ability to monitor the presence of 
systemic inflammatory processes (i.e., outside the BBB) and the development of 
nonspecific physiological (e.g., fever, pain, malaise, fatigue, anorexia) and behav-
ioral adaptations (e.g., anhedonia, lethargy, social withdrawal, depressed mood, 
cognitive impairment) upon exposure to infection or inflammation collectively 
known as “sickness behavior” [31, 33, 35–42]. Recent immunological data suggest 
that cytokines (e.g., interleukin-1, tumor necrosis factor alpha) released by macro-
phages, dendritic cells, and mast cells act on the hypothalamus to provoke altera-
tions in the normal homeostatic condition, including elevated body temperature, 
increased sleep, loss of appetite, and alterations in lipid and protein metabolism 
which appear directed toward enhancing the normal immune responses [38].

Animal studies have demonstrated that the administration of lipopolysaccharide 
(LPS) induces sickness behavior, which requires activation of proinflammatory cyto-
kine signaling in the brain [32, 33]. Microglia are the primary recipients of peripheral 

Pericyte

Endothelial cell

Astrocyte

Neuron

Microglia

Hypoxia
Ischemia
Pain

Basal LaminaBBB disruption

Microglial activation

Inflammatory mediators
ReceptorsBlood Vessel

Fig. 10.3 Recognition and propagation of peripheral immune stimuli in the CNS. The interaction 
of circulating inflammatory mediators (e.g., cytokines and lipopolysaccharide) with the neurovas-
cular unit is associated with increased permeability of the BBB. Recognition of peripheral inflam-
matory stimuli in the BBB is followed by a cascade of events leading to microglia activation and 
subsequent modulation of adjacent cells including astrocytes and neurons. (Source: [14])
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inflammatory signals that reach the brain [43, 44]. Activated microglia, in turn, initi-
ate an inflammatory cascade whereby release of relevant cytokines, chemokines, 
inflammatory mediators, reactive nitrogen species (RNS), and reactive oxygen spe-
cies (ROS) induces mutual activation of astroglia, thereby amplifying inflammatory 
signals within the CNS. Cytokines, including IL-1, IL-6, and TNF- alpha, as well as 
IFN-alpha and IFN-gamma (from T cells), induce the enzyme indoleamine 2,3 diox-
ygenase (IDO), which breaks down tryptophan (TRP), the primary precursor of sero-
tonin (5-hydroxytryptamine,  5-HT), into quinolinic acid (QUIN), a potent 
N-methyl-D-aspartate (NMDA) agonist and stimulator of glutamate (GLU) release. 
Excessive exposure to cytokines, QUIN, and RNS/ROS leads to a compromised of 
multiple astrocytic functions, ultimately leading to downregulation of glutamate 
transporters, impaired glutamate reuptake, and increased glutamate release, as well 
as decreased production of neurotrophic factors (Fig. 10.4) [24, 44].

Similarly, overactivation of the CNS inflammatory cascade, particularly overex-
posure to cytokines, leads to oligodendroglia neurotoxicity, potentially contributing 
to apoptosis and demyelination. The confluence of excessive astrocytic GLU 
release, inadequate GLU reuptake by astrocytes and oligodendroglia, activation of 
NMDA receptors by QUIN, increased GLU binding and activation of extrasynaptic 
NMDA receptors (accessible to glutamate released from glial elements and associ-
ated with inhibition of brain-derived neurotrophic factor [BDNF] expression), 
decline in neurotrophic support, and oxidative stress ultimately disrupt neural plas-
ticity through excitotoxicity and apoptosis (Fig. 10.5) [24, 44–49]. Brain-derived 
neurotrophic factor (BDNF) is an important member of the neurotrophins family 
and has many effects on the nervous system  plasticity, particularly on neuronal 
growth, differentiation, and repair [50].

Peripheral or systemic factors may elicit a central neuroinflammatory response 
by multiple potential pathways. These may include a variety of immune-brain com-
munication pathways, namely, (a) the “neural pathway,” (b) the “humoral path-
way,” (c) active transport systems across the BBB, and (d) a “leaky” BBB. In the 
neural pathway, peripherally produced pathogen-associated molecular patterns 
(PAMPs) and cytokines activate primary afferent nerves, such as the vagus nerve 
(Fig. 10.6a) [51–53]. The humoral pathway involves circulating PAMPs that reach 
the brain at the level of the choroid plexus (CP) and the circumventricular organs 
where PAMPs induce the production and release of proinflammatory cytokines by 
macrophage- like cells expressing Toll-like receptors (TLRs) (Fig. 10.6b) [51, 52]. 
Several studies have demonstrated that patients develop delirium during acute med-
ical hospitalizations experienced elevation of CRP, IL-6, TNF-alpha, IL-1RA, 
IL-10, and IL-8, as compared with patients who did not have delirium, even after 
adjusting for infection, age, and cognitive impairment, suggesting an association 
between proinflammatory cytokines and the pathogenesis of delirium [16, 29, 54].

Several classes of influx and efflux transporters located on the luminal and ablu-
minal sides of the brain endothelia regulate the transport of both endogenous and 
exogenous molecules in and out of brain parenchyma [55]. The BBB is a regulatory 
interface in response to cytokines. Functioning one way, the BBB can selectively 
transport several cytokines. This includes interleukin (IL)-1α and IL-1β [56–58], 
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IL-1 receptor antagonist (IL-1ra) [59], IL-6 [60], tumor necrosis factor-α (TNF) 
[61–66], leukemia inhibitory factor (LIF) [61–64], ciliary neurotrophic factor [67], 
and many adipokines [68–70]. The transported cytokines play important roles in the 
physiological response to inflammation and neuroregeneration. The “leaky BBB” 
pathway is discussed in the next section.

Finally, many of delirium’s precipitant factors (e.g., infections, intraoperative 
anesthesia, postoperative sedation) are themselves associated with potential BBB 
integrity compromise. For example, it has been found that the BBB is disrupted in 
cases of septic encephalopathy, which allows for increased blood-brain transport of 
neutral amino acids [71]. Similarly, systemic inflammation is common in liver fail-

Fig. 10.4 Effects of the CNS inflammatory cascade on neural plasticity. As peripheral inflamma-
tory signals reach the brain, activated microglia initiate the inflammatory cascade, whereby release 
of relevant cytokines (e.g., IL-1, IL-6, TNF-alpha, IFN-alpha, and IFN-gamma), chemokines, 
inflammatory mediators, and RNS and ROS has a number of negative effects on neural plasticity: 
(a) induces sickness behavior; (b) induces astroglia activation, thus amplifying inflammatory sig-
nals within the CNS; (c) enhances the activity of the ubiquitous indoleamine 2,3-dioxygenase 
(IDO), leading to deficient tryptophan (TRP) levels, thus a reduction in serotonin and melatonin 
production, and a shift to the production of kynurenine (KYN) and other neurotoxic tryptophan- 
derived metabolites; (d) excessive exposure to cytokines, QUIN, and RNS/ROS leading to com-
promise of astrocytic functions, ultimately leading to downregulation of glutamate transporters, 
impaired glutamate reuptake, and increased glutamate release, as well as decreased production of 
neurotrophic factors; and, finally, (e) oligodendroglia especially sensitive to the CNS inflammatory 
cascade. Cytokines overexposure (e.g., TNF-alpha) causes oligodendroglial neurotoxicity, which 
further contributes to apoptosis and demyelination. (Source: [44])
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ure, and its acquisition is a predictor of hepatic encephalopathy (HE) severity. 
Studies provide convincing evidence for a role of neuroinflammation in liver failure; 
this evidence includes activation of microglia together with increased synthesis in 
situ of proinflammatory cytokines (i.e., TNF, IL-1beta, and IL-6). The proposed 
“liver-brain signaling mechanisms” in liver failure include direct effects of systemic 
proinflammatory molecules, recruitment of monocytes after microglial activation, 
brain accumulation of ammonia, lactate and manganese, and altered permeability of 
the BBB [72, 73]. This provides an intersection between the NIH and the neurotrans-
mitter hypothesis (NTH), as the above changes may contribute to the alteration in 
neurotransmitter functioning in cases of HE (e.g., increased DA, 5HT, GABA).

There is mounting evidence that some of the same proinflammatory cytokines 
that induce sickness behavior also enhance activity of the ubiquitous indoleamine 
2,3-dioxygenase (IDO) [74, 75]. Activation of IDO leads to a shift in the metabo-
lism of tryptophan (TRP) away from the production of serotonin and melatonin 
(contributing to sleep disturbance and depressive-like behavior) but, instead, 
to  an  increased production of kynurenine (KYN) and other tryptophan-derived 
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reversible disruption of neuronal function as in the case of delirium, may be irreversible and con-
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induce acute dysfunction, which is progressively less reversible each time but also contribute to the 
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10 Inflammatory Biomarkers and Neurotransmitter Perturbations in Delirium



144

metabolites that have neurotoxic effects [45, 46, 51, 76], providing an intersection 
between the NIH and sleep dysregulation patterns described among patients with delir-
ium [13, 15]. In fact, cytokines may play a role in normal sleep regulation, by increas-
ing non-REM sleep and decreasing REM sleep, and during inflammatory events, an 
increase in cytokine levels may intensify their impact on sleep regulation [77].

 Blood-Brain Barrier Dysfunction and Delirium

CNS resident cells react to the presence of peripheral immune signals, leading to 
production of cytokines and other mediators in the brain, and promote cell pro-
liferation and activation of the hypothalamus-pituitary-adrenal axis [NEH] 
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Fig. 10.6 Pathways that transduce immune signals from the periphery to the brain. (a) In the 
neural pathway, peripherally produced pathogen-associated molecular patterns (PAMPs) and 
cytokines activate primary afferent nerves (e.g., vagal nerve, trigeminal nerves). (b) The humoral 
pathway involves circulating PAMPs that reach the brain at the level of the choroid plexus (CP) 
and the circumventricular organs, where PAMPs induce the production and release of proinflam-
matory cytokines, likely reaching the brain by diffusion. (Source: [51])
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through a complex system of interactions. These neuroinflammatory changes 
cause BBB permeability disruption, as suspected by elevations of S100 beta 
[S100B] (a calcium- binding protein with cytokine-like properties; is a dimeric 
calcium-binding protein with α and β subunits; the β subunit is highly specific to 
the brain and is synthesized in glial cells throughout the CNS) [78] and changes 
in synaptic transmission, neural excitability, and cerebral blood flow, leading to 
the neurobehavioral and cognitive symptoms characteristic of delirium (e.g., dis-
ruption in behavior and cognitive functions) [14]. Secreted mostly by astrocytes 
under conditions of metabolic stress, S100B is considered a putative biomarker 
of CNS damage; increased levels in cerebrospinal fluid (CSF) and serum have 
been linked with adverse CNS outcomes, specifically among delirious patients 
[79–82].

During various disease states, leukocytes adhere to the BBB’s endothelial cells 
(EC) and become activated, leading to degranulation and the release of free oxy-
gen radicals and enzymes. This, in turn, leads to EC membrane destruction, dis-
ruption of cell-cell adhesions, and increased endothelial permeability which is 
associated with extravascular fluid shifts and the development of perivascular 
edema in cerebral tissue, leading to decreased perfusion and longer diffusion dis-
tance for oxygen [14, 22, 83–85]. These processes may lead to such extensive 
perfusion impairment that the blood flow in individual capillaries becomes dis-
rupted: thus, systemic inflammation as a response to trauma or illness leads to 
microcirculatory impairment and subsequent ischemic injury. Among the perti-
nent neurotransmitters, acetylcholine (ACh) synthesis and release may be the 
most sensitive to this type of hypoxic injury and other homeostatic changes in the 
brain [86]. Similarly, neuroinflammatory injuries have also been associated with 
imbalances in other neurotransmitters including dopamine, serotonin, and norepi-
nephrine [12, 15, 87]; see also Fig. 10.2. In response to traumatic and systemic 
events, the systemic inflammatory response is activated causing monocytes and 
macrophages to produce neopterin, cytokines, and reactive oxygen species, which 
can be found in the plasma, urine, and cerebrospinal fluid of delirious patients 
[12, 14, 29, 54, 88–91]. Neopterin is produced by human monocytes/macrophages 
upon stimulation with the cytokine interferon-y and thus can serve as a maker for 
immune system activation [92]. In addition, disruptions of the EC may also lead 
to enhanced cytokine transport across the disrupted BBB and infiltration of leuko-
cytes and cytokines into the CNS, producing ischemia and neuronal apoptosis 
[14, 93, 94].

More recently, studies have suggested that the use of various general anesthetics 
(e.g., sevoflurane, isoflurane) can cause marked flattening of the surfaces of brain 
vascular endothelial cells along with disruption of BBB-associated tight junctions at 
cell margins, leading to holes in the vascular endothelial lining and increased BBB 
permeability, thus facilitating plasma influx into the brain interstitium (Fig. 10.7) 
[95, 96]. The frequency and magnitude of this effect increases with age, thus poten-
tially serving as a mechanism to mediate postoperative delirium and its increased 
occurrence among elderly patients.
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 Evidence in Support of Inflammation as Mediator of Delirium

In this section, we summarize the published data regarding the relationship between 
multiple inflammatory markers and delirium development. Studies are presented in 
chronological order of publication. See Table 10.1 for a summary of studied inflam-
matory biomarkers.

A study of adult patients admitted to inpatient medicine wards showed that those 
who developed delirium had significantly elevated levels (i.e., above the detection 
limit) of IL-6 (53% versus 31%) and IL-8 (45% versus 22%), compared with 
patients who did not develop delirium, even after adjusting for infection, age, and 
cognitive impairment [29]. This was the first study to show a relationship between 
peripherally measured cytokine levels and delirium as a symptom of sickness 
behavior in acutely admitted elderly. The study demonstrated that cognitive func-
tion can be impaired by a systemic infection in patients with a neurodegenerative 
disorder such as Alzheimer’s disease. It also found that the cognitive decline was 
preceded by raised serum levels of IL-1H. Furthermore, aging and neurodegenera-
tive disorders exaggerate microglial responses following stimulation by systemic 
immune stimuli such as peripheral inflammation and/or infection.

An observational study of acutely ill patients age ≥70 years (n = 86) at a univer-
sity teaching hospital found a strong association between C-reactive protein (CRP) 
levels in serum and incident delirium (defined as occurring when the initial 
Confusion Assessment Method [CAM] assessment was negative and any subse-
quent one was positive). In a binary logistic analysis, including age, sex, initial 
Mini-Mental State Examination (MMSE), Acute Physiological Score of APACHE-II 
(APS) scale, disability score, and CRP, only the CRP level predicted the incidence 
of delirium (P = 0.018) [97].

Control 3 hr anesthesia using sevoflurane

Fig. 10.7 Anesthesia may cause short-term BBB breakdown – possible mechanism of postopera-
tive delirium. Anesthetic agents (e.g., sevoflurane, isoflurane) induce immediate changes in the 
surface of brain vascular endothelial cells, including a profound smoothing of surface membranes, 
visible “holes” in the BBB, and the leak of plasma components into the brain tissue. Older rats 
exhibited more anesthetic-induced BBB breakdown and less recovery at 24 h. (Source: [95])
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A study of elderly hip fracture patients (n  =  41) prospectively followed after 
surgical repair found that those who developed postoperative delirium (POD) expe-
rienced elevations of CRP (P = 0.008) and IL-8 (P = 0.08) [16].

A study of patients aged ≥65 years acutely admitted after hip fracture (n = 120) 
found elevation in S100β levels when comparing samples obtained during delirium 
to samples of non-delirious patients (P < 0.001) [82]. Of note, there were no signifi-

Table 10.1 Inflammatory biomarkers linked to the development of delirium

Adiponectin [170]
Brain-derived neurotrophic factor (BDNF) [99, 143]
Cortisol [25, 90, 138, 169, 174, 176, 183, 239–247]
C-reactive protein (CRP) [16, 21, 29, 54, 91, 97, 131, 133, 134, 136, 139, 146, 148–150, 153, 
155, 156, 180, 247–251]
Fas [158]
Galectin-3 [180]
Glial fibrillary acidic protein (GFAP) [26, 197]
High-mobility group box 1 (HMGB1) [160]
Interferon-gamma (IFN-γ) [137, 172, 181]
IL-1
IL-2 [131, 132, 157, 249, 252]
IL-5 [137]
IL-6 [16, 21, 26, 29, 90, 100, 137, 139, 148, 152, 155, 157, 158, 160, 171, 172, 174, 175, 177, 
178, 246, 249, 253–256]
IL-8 [16, 25, 29, 137, 171, 175, 177, 256, 257]
IL-10 [16, 25, 29, 137, 147, 172–175, 175, 176]
IL-11 [158]
IL-17 [158]
Insulin-like growth factor-1 (IGF-1) [151, 176, 181, 254]
Leptin [106, 128, 129, 158]
Macrophage inflammatory protein (MIP)-1 alpha [137, 197]
Macrophage inflammatory protein-3 alpha (MIP-3alpha) [158]
Matrix metalloproteinase-9 (MMP-9) [179]
Methyl-accepting chemotaxis protein-1 (MCP-1) [25, 137]
Methyl-accepting chemotaxis protein-3 (MCP-3) [158]
Myeloid progenitor inhibitory factor-1 (MPIF-1) [158]
Neopterin [91, 147, 254]
Neuron-specific enolase (NSE) [82, 99, 143, 258]
Procalcitonin [25, 54, 138]
Protein C [179]
S100β [25, 80–82, 90, 99, 169, 172, 178, 180, 184–186, 197, 245, 259, 260]
Tumor necrosis factor (TNF) [16, 25, 29, 131, 132, 137, 170, 172, 177, 179, 181, 197, 255, 261]
Soluble tumor necrosis factor receptor-1 (sTNFR1) [170, 179]
Zinc alpha-2 glycoprotein (AZGP1) [249]
Inflammatory markers in delirium – meta-analyses [169, 262]
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cant difference in S100β (P = 0.43) seen between the various motoric delirium sub-
types. Similarly, a study of acutely admitted medical patients age ≥65  years 
(n = 412) found marked elevations in S100β levels between patients with delirium 
and those without (P = 0.004) [81]. As in the previous study, delirium motoric sub-
type and S100B level were not significantly correlated.

A study of older patients age ≥62 years with hip fracture and awaiting surgery 
assessed for delirium before and 3–4 days after surgery. CSF was obtained in all 
recruited patients at the onset of spinal anesthesia. The study found that patients 
who experienced delirium had higher CSF IL-8 levels than those without (P = 0.003). 
Similarly, patients experiencing delirium were also found to have higher serum IL-6 
levels than those without delirium (P = 0.01) [98].

Among patients admitted to an intensive care unit, serum brain-derived neuro-
trophic factor (BDNF) levels and neuron-specific enolase (NSE; the γ-subunit of 
enolase present primarily in the cytoplasm of neurons) values were significantly 
higher in patients who became delirious than in those who did not (P < 0.01, for 
both) [99]. On the other hand, they found no significant differences in serum S100β 
levels between the delirious and non-delirious groups.

Similarly, a recent study found that high preoperative neopterin levels predicted 
delirium after cardiac surgery in older adults, thus suggesting that plasma neopterin 
levels may be a candidate biomarker for delirium among this patient population [91].

A prospective preliminary study of acute hip fracture in patients age ≥60 years 
(n = 45) found that the mean Log10 CSF S100B concentrations were significantly 
elevated in those with preoperative delirium compared to those without delirium 
(P = 0.035) [80]. Thus the authors suggest a link between S100B, a marker of astro-
cyte activation and potential CNS damage or dysfunction, leading to delirium.

A study of older patients age ≥75 years admitted for surgical repair of an acute 
hip fracture (n = 61) collected preoperative CSF samples and found that preopera-
tive concentrations of FMS-like tyrosine kinase-3 (P = 0.021), interleukin-1 recep-
tor antagonist (P = 0.032), and interleukin-6 (P = 0.005) were significantly lower in 
patients who developed delirium postoperatively, suggesting that delirium after sur-
gery results from a dysfunctional neuroinflammatory response and stressing the role 
of reduced levels of anti-inflammatory mediators in delirium development [100].

Another study of acute hip fracture patients age ≥60 (N = 43), whose CSF sam-
ples were taken at induction of spinal anesthesia and examined with enzyme-linked 
immunosorbent assays (ELISA), assessed for delirium before and 3–4 days after 
surgery and found elevation in CSF IL-1β in patients with incident delirium as com-
pared to those without delirium [101]. Similarly, CSF/serum IL-1β ratios and CSF 
IL-1 receptor antagonist (IL-1ra) were both higher in delirious than non-delirious 
patients.

Leptin is a hormone with broad effects on the CNS, including effects on several 
neurotransmitter systems [102, 103], influencing a number of neural functions [102, 
104, 105], and modulating the immune response [14, 106]. In fact, low leptin levels 
have been associated with other neuropsychiatric disorders, such as depression 
[107–112], schizophrenia [113–117], narcolepsy [118–120], and both Alzheimer’s 
disease and vascular types of dementias [121–127].
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Among patients age ≥65 years admitted to a general hospital, leptin levels were 
significantly lower in patients with delirium compared with those without this dis-
order, and leptin levels were associated with the presence of delirium [128]. 
Additionally, there is a negative correlation between leptin levels and the number of 
comorbidities and number of medications. This suggests that there is a relationship 
between this hormone and the severity of the patient’s clinical condition, which is 
related to these parameters. The association between leptin levels and the presence 
of delirium remained after adjustment for number of diagnoses and number of med-
ications. Similarly, a study of patients ≥65 years old undergoing surgery (n = 186) 
for a femoral neck fracture or an intertrochanteric fracture, whose blood was drawn 
before administration of the anesthetic agent, found that lower plasma leptin levels 
(OR, 0.385; 95% CI, 0.286–0.517; P < 0.001) (and age; OR, 1.137; 95% CI, 1.073–
1.205; P < 0.001) were highly associated with postoperative delirium after hip frac-
ture surgery [129].

A multicenter study of patients age ≥65  years admitted to general medicine 
wards found that the mean change in blood natural killer (NK) cell activity was 
significantly greater in patients who developed delirium (89%) than in patients 
without delirium (40%) (P = 0.045), even after adjusting for age, the history of pre-
vious delirium, and the Clinical Dementia Rating score [130]. These findings sug-
gest that the mean change in blood NK cell activity has a sensitivity of 89%, 
specificity 60%, positive predictive value 50%, negative predictive value 92%, posi-
tive likelihood ratio 2.22, and negative likelihood ratio 0.19 for distinguishing 
between the two groups.

A retrospective study of 710 patients >70  years old admitted to a medical 
acute admissions unit found a strong association between elevated CRP and 
delirium (P  <  0.001), independent of other potential risk factors for delirium 
[131]. A prospective, observational cohort study of patients who underwent cor-
onary artery bypass graft (CABG) surgery with cardiopulmonary bypass (CPB) 
(n = 113) found that raised levels of IL-2 and TNF-α measured in the postopera-
tive period were associated with the development of delirium among CABG sur-
gery patients (independent association for IL-2 [p  =  0.023] and trend toward 
significance for TNF-α [p = 0.056]), independent of age, gender, cognitive status, 
psychiatric and physical comorbidity, duration of surgery, CPB time, and mid-
azolam dose [132].

In addition, patients undergoing elective vascular surgery (n = 277) were pro-
spectively evaluated for the diagnosis of POD, and it was found that those who 
developed delirium experienced postoperative elevated CRP levels (P  =  0.001) 
[133]. Similarly, a study of patients admitted to the intensive care unit (ICU) 
(n = 223) found that patients with delirium had significantly higher CRP values than 
those without (P = 0.0001), even after adjusting for confounding variables (includ-
ing age, sex, Acute Physiology and Chronic Health Evaluation II, intubation, living 
alone, physical restraint, alcohol drinking, smoking, type of medical condition, and 
hospital length of stay before ICU admission [134]. In addition, an increase in CRP 
greater than 8.1 mg/L within 24 h was associated with fourfold increase in the risk 
of delirium (odds ratio: 4.47, 95% confidence interval, 1.28–15.60).
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A quantitative proteomic analysis of CSF obtained from hospitalized patients 
experiencing delirium provides confirmatory evidence that the inflammatory 
response is a component of delirium [135]. This quantitative proteomics analysis of 
CSF in delirium patients identified more than 270 proteins with a high level of con-
fidence, about 10% of which had dysregulated protein expression levels in 50% or 
more of delirium subjects. A surprising outcome of this study was the level of simi-
larity of CSF protein profiles among patients with delirium, given the diversity of 
causes (e.g., infections, metabolic problems, and adverse drug reactions) of the syn-
drome in this large patient sample. Of particular interest, there were several protein 
functional clusters (associated with inflammation, granins, apolipoproteins, clotting 
factors, protease inhibitors, and regulatory proteins) which have not been studied in 
the context of delirium.

A retrospective study investigating the multivariate relationships among the vari-
ous risk factors for postoperative delirium in patients undergoing head and neck 
surgery for the treatment of oral cancer (n = 110) found that in univariate analysis, 
C-reactive protein (CRP) level of patients with delirium was significantly increased 
compared to that of the patients without delirium (P < 0.05) [136].

A study of patients age ≥55  years undergoing elective major knee surgery 
(n = 10) was very small in overall size, and it is difficult to know what the findings 
mean given that only one patient developed delirium, while six developed postop-
erative cognitive dysfunction (POCD) [137]. Despite the very small sample size, at 
different postoperative time points, statistically significant changes compared to 
baseline were present in IL-5, IL-6, I-8, IL-10, monocyte chemotactic protein 
(MCP)-1, macrophage inflammatory protein (MIP)-1α, IL-6/IL-10, and receptor for 
advanced glycation end products in plasma and in IFN-γ, IL-6, IL-8, IL-10, MCP-1, 
MIP-1α, MIP-1β, IL-8/IL-10, and TNF-α in CSF.

A study of older patients (≥65 years) undergoing oral surgery for cancer treat-
ment (n = 112) demonstrated that although there were no baseline (i.e., preopera-
tive state) differences in the levels of studied biomarkers studied, patients who 
developed POD experienced elevated levels of interleukin-6 (P > 0.01), C-reactive 
protein (P  >  0.01), procalcitonin (P  >  0.01), cortisol (P  >  0.01), and Aβ1–40 
(P > 0.01) as measured in plasma during the postoperative period [138]. A study 
of patients undergoing surgical repair following hip fracture (n = 60) found that 
in patients without prior cognitive impairment, CRP levels in the CSF  were 
higher in participants with delirium than in those without delirium (P = 0.01) 
[139].

To study the effects of illness-induced neuropeptide release secondary to sys-
temic illness over a CNS-specific inflammatory response, a group of researchers 
induced acute pancreatitis (by injecting 2.5% taurocholic acid directly into the 
pancreatic duct) in 8–10-week-old rats and collected brain tissue 12 and 24 h fol-
lowing pancreatic injury to measure neuropeptide and cytokine tissue levels [140]. 
They found that the tissue levels of β-endorphin, orexin, and oxytocin were sig-
nificantly increased 12  h after induction of acute pancreatitis compared to the 
control group. Yet, only β-endorphin protein levels remained significantly 
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increased at 24 h after the induction of acute pancreatitis. Meanwhile, they found 
no differences in the protein levels of α-MSH, neurotensin, substance P, and 
S100B in the study groups. Given the absence of an increase in the protein levels 
of TNFα, IL-6, or IL-10 in the prefrontal cortex of studied animals, the authors 
theorized that the differences in the protein levels of β-endorphin, orexin, and 
oxytocin occurred in the absence of significant microglia activation. These find-
ings seem to confirm, as others have theorized, that the CNS exhibits clear fea-
tures of immune activation in response to distant infectious processes [141]. In 
fact, others have demonstrated that multiple peripheral (e.g., sepsis and peripheral 
challenge with lipopolysaccharide) as well as localized injuries (e.g., ruptured 
aneurysms and cranioencephalic trauma) are able to induce a steep increase in 
brain TNFα levels and cause significant brain inflammation [142]. This may sug-
gest that neuropeptides may serve as the pivotal alarm system, triggering an acute 
inflammatory CNS response in situations where the BBB remains intact and the 
microglial cells are not elicited [140].

Among acute ischemic stroke patients, the incidence of delirium was 18.3% 
(mostly hypoactive type, 72.7%), yet there was no significant statistical difference 
between delirious and non-delirious patients in respect of levels of TNF-alpha, IL-1 
beta, IL-18, BDNF, and NSE [143].

On the other hand, among patients undergoing spine surgery, plasma BDNF 
was collected at baseline and at least hourly intraoperatively, and then patients 
were followed after surgery [144]. Results suggest that BDNF levels generally 
declined intraoperatively. While there was no difference in baseline BDNF levels 
by delirium status, the percent decline in BDNF was greater in patients who 
developed delirium (median 74% [IQR 51–82]) vs in those who did not develop 
delirium (median 50% [IQR 14–79]; P = 0.03). Each 1% decline in BDNF was 
associated with increased odds of delirium in unadjusted (odds ratio [OR] 1.02 
[95% confidence interval (CI) 1.00–1.04]; P = 0.01), multivariable-adjusted (OR 
1.02 [95% CI 1.00–1.03]; P = 0.03), and propensity score-adjusted models (OR 
1.02 [95% CI 1.00–1.04]; P = 0.03).

A study of dementia-free adults ≥70 years old undergoing major scheduled non- 
cardiac surgery (n = 566) found that compared to controls, patients with POD had 
significantly higher CRP levels (P  <  0.01) during the immediate postoperative 
period [145]. Of interest, in this particular sample, elevated pre- and postoperative 
plasma levels of CRP were associated with delirium, suggesting that a pre- 
inflammatory state and heightened inflammatory response to surgery are potential 
pathophysiological mechanisms of delirium.

Similarly, a study of patients admitted to the intensive care unit (n = 618) found 
that an increased postoperative C-reactive protein (CRP) concentration was associ-
ated with higher odds of POD (P < 0.001) and was consistently predictive of longer 
duration of POD [146].

A study of biomarkers among ICU patients at risk for delirium (based on the 
PRE-DELIRIC model) was included in the dynamic light application to reduce 
ICU-acquired delirium (DLA) study (n = 86) [147]. The study found that there was 

10 Inflammatory Biomarkers and Neurotransmitter Perturbations in Delirium



152

no difference between patients with and without delirium in the studied inflamma-
tory markers (i.e., IL-6, IL-10, MCP-1). When differentiating between clinical sub-
types of delirium, levels of Tau protein and the ratio of Tau/Aβ1–42 were significantly 
higher in the hypoactive delirium group compared to the non-delirium group 
(P = 0.009 and P = 0.003, respectively). In addition, in the subgroup of patients with 
hypoactive delirium, levels of neopterin and IL-10 were significantly higher than in 
the mixed-type delirium group (P = 0.001).

A meta-analysis of 54 observational studies [148] found that levels of C-reactive 
protein (CRP) were significantly increased in POD [100, 139, 149–152] and in 
POCD [16, 153–156]. Similarly, interleukin (IL)-6 concentrations were also ele-
vated in both POD [100, 139, 151, 152, 157] and POCD [16, 155, 158–160] 
patients.

 Vulnerability States and Acute Brain Dysfunction

The degree and severity of the underlying disease process is also significantly cor-
related with the development of delirium [3, 161–165]. These facts suggest that 
either a low dose of precipitant in a vulnerable patient (e.g., elderly, immunocom-
promised, frail patients) or a high dose in the non-vulnerable individual may over-
whelm the system and lead to delirium. Thus, it seems likely that more severe 
systemic inflammatory responses are more likely to induce delirium, but preexisting 
pathology in cognitive circuitry is a stronger predictor. Thus, the interaction between 
these two factors is key [166, 167].

In predisposed patients, even minor insults, such as a urinary tract infection or 
pneumonia, may trigger an acute confusional state. This out of proportion reaction, 
similar to an exaggerated sickness behavior, seems to be a response re-exposure to 
infectious agents, such as in the case of a CNS inflammatory responses to systemic 
challenge with bacterial LPS [168]. In fact, studies have demonstrated that microg-
lia, the major macrophage population of the brain, seem to be primed by prior neu-
rodegenerative pathology, thus triggering a more robust response to systemic 
inflammatory signals (Fig. 10.5) [169, 170]. Additionally, there appears to be a cor-
relation between the severity of the patient’s underlying medical problem and the 
development of delirium [161, 162].

In one of the most recent systematic reviews published [169], the most common 
inflammatory biomarkers in various studies of acutely ill patients include IL-6 [16, 
25, 29, 90, 97, 137, 172–180], CRP [16, 25, 29, 54, 91, 97, 131, 134, 176, 181–183], 
IL-8 [16, 25, 90, 137, 171, 173, 177–179, 181], IL-10 [16, 25, 29, 137, 170, 171, 
173, 175, 176], IL-1 [16, 25, 29, 101, 170, 175, 181], and TNF [16, 25, 29, 170, 172, 
181] and S100β [25, 80–82, 90, 99, 172, 178, 180, 184–186]. In particular, S100β 
has been studied as a biomarker of brain damage in response to inflammation, isch-
emia, and metabolic stress [14, 185, 186].

Also, there is evidence that CD19-directed chimeric antigen receptor (CAR)-T 
cell therapy, although effective against B cell malignancies in children and adults 
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[187, 188], has been associated with a number of adverse side effects, including 
neurotoxicity occurring in approximately 40% of patents. Manifestations range 
from mild delirium to fatal cerebral edema [189], likely associated with cytokine 
release syndrome (CRS) [190, 191]. Evidence suggests that systemic inflammatory 
signaling during CAR-T cell expansion leads to disruption of the BBB [192, 193]. 
Some have suggested that monocyte-derived cytokines are required for the develop-
ment of immune effector cell-associated neurotoxicity syndrome (ICANS) [194, 
195]. Given the intimate involvement of astrocytes in the regulation of the BBB 
[196], some have hypothesized that glial dysfunction is part of the pathophysiology 
of ICANS [197].

In a recent study of acute lymphocytic leukemia (ALL) patients treated with 
CAR-T, 44% of subjects developed neurotoxicity, among which delirium was the 
most common symptom, affecting 79% [197]. While there was no difference in 
baseline CSF protein and cell counts among groups, neurotoxicity was associated 
with rise in CSF glial fibrillary acidic protein (GFAP; P  =  0.0037) and S100β 
(P = 0.0002). There was also an association of elevated granulocyte macrophage 
colony-stimulating factor, granzyme B (GzB), interferon-γ (IFNγ), interleukin (IL)-
6, interleukin (IL)-10, tumor necrosis factor (TNF)-α, and macrophage inflamma-
tory protein (MIP)-1α levels with neurotoxicity [197]. These findings suggest that 
toxicity is primarily mediated by the inflammatory cytokine surge that accompanies 
CAR-T cell expansion in the marrow [197].

Studies among postpartum women admitted to the ICU have demonstrated that 
serum levels of galectin-3 (a proinflammatory protein involved in multiple aspects, 
including cell adhesion, proliferation, clearance, apoptosis, cell activation, cell 
migration, and phagocytosis [200–203]), S100β, and C-reactive protein were all 
independent predictors for delirium [180]. In fact, the area under the curve (AUC) 
of serum galectin-3 levels was similar to that of S100β levels and significantly 
exceeded those of C-reactive protein levels and APACHE II scores.

 Relationship Between Inflammation and Neurotransmitter 
Abnormalities

The syndrome of delirium is essentially a neurobehavioral syndrome caused by an 
alteration in neurotransmitter synthesis, function, and/or availability and a dysregu-
lation of neuronal activity secondary to systemic disturbances which mediates the 
complex phenotypic and neurocognitive changes observed in delirium [13]. While 
many neurotransmitter systems have been implicated in its development, the most 
commonly described changes associated with the development of delirium include 
deficiencies in acetylcholine (↓Ach) and/or melatonin (↓MEL) availability; excess 
in dopamine (↑DA), norepinephrine (↑NE), and/or glutamate (↑GLU) release; and 
variable alterations (e.g., either a decreased or increased activity, depending on 
delirium presentation and cause) in serotonin (↓↑5HT), histamine (↓↑H1&2), and/
or gamma-aminobutyric acid (↓↑GABA). The manifestations of the specific 
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delirium picture (i.e., phenotype) result from a combination of the alteration in neu-
rotransmitter synthesis, function, and/or availability, and the variability in integra-
tion and appropriate processing of sensory information and motor responses, 
mediated by an acute breakdown in brain network connectivity. The presence of a 
CNS inflammatory process usually leads to alteration in neurotransmitter function 
or availability; in turn, the alteration of one neurotransmitter pathway invariably 
leads to dysregulation of others (see Fig. 10.8 [12, 13, 15]).

For example, acetylcholine (ACh) synthesis and release may be most sensitive 
to hypoxic brain insults and other homeostatic changes in the brain [86]. 
Inadequate oxidative metabolism may be one of the underlying causes of the basic 
metabolic problems initiating the cascade that leads to the development of delir-
ium, namely, inability to maintain ionic gradients causing cortical spreading 
depression (i.e., spreading of a self-propagating wave of cellular depolarization in 
the cerebral cortex) [204–209]; abnormal neurotransmitter synthesis, metabolism, 
and release [210–218]; and a failure to effectively eliminate neurotoxic by-prod-
ucts [209, 210, 214]. Deficiencies in oxidative metabolism will lead to a failure of 
the ATPase pump system and an influx of Ca2+ which may lead to a dramatic 
release of various neurotransmitters, particularly glutamate (GLU) and dopamine 
(DA) [217, 218].

On the other hand, infectious, traumatic, and other systemic events may elicit 
an inflammatory response, causing monocytes and macrophages to produce neop-
terin, cytokines, and reactive oxygen species, which can be found in the plasma, 
urine, and CSF of delirious patients [12, 14, 29, 54, 88–91]. There is evidence that 
these neuroinflammatory reactions may lead to alterations in various neurotrans-
mitter systems, including dopamine, serotonin, and norepinephrine [12, 15, 87]. 
In addition, disruptions of the EC may lead to enhanced cytokine transport across 
the disrupted BBB and infiltration of leukocytes and cytokines into the CNS, pro-
ducing ischemia and neuronal apoptosis, with corresponding alterations in neu-
rotransmitter production and utilization [14, 93, 94]. Furthermore, as previously 
mentioned, many of delirium’s precipitant factors (e.g., infections, intraoperative 
anesthesia, postoperative sedation) may themselves be associated with potential 
BBB integrity compromise.

Delirious states are usually associated with impairment of central cholinergic 
transmission [12, 27, 221–223], and impaired cholinergic transmission is often con-
sidered “a common denominator” in delirium (or toxic-metabolic encephalopathies) 
[222]. The cholinergic system is one of the most important modulatory neurotrans-
mitter systems in the brain, controlling activities that depend on selective attention, 
which themselves are an essential component of conscious awareness [223] (the 
two key components for diagnosing delirium). Adequate ACh levels are also essen-
tial for the regulation of multiple neuropsychiatric functions, including rapid eye 
movement (REM) sleep, memory, and synchronization of the electroencephalogram 
(EEG), all of which are impaired in delirium.

Glutamate (GLU) is the brain’s principal excitatory neurotransmitter, and exces-
sive excitotoxicity resulting from glutamate hypertransmission is one of the pro-
posed theories to explain the abnormal neuronal responses to acute medical insults, 
such as delirium [226–230].
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γ-aminobutyric acid (GABA) is the chief inhibitory neurotransmitter in the CNS and 
plays a role in regulating neuronal excitability throughout the nervous system, including 
regulation of muscle tone. There is evidence suggesting that GABA activity is increased 
[211, 229, 230] in some types of delirium while decreased in others – as in the case of 
ethanol or CNS-depressant withdrawal [231] and antibiotic-induced delirium [232].

Delirium has long been speculated to be associated with excess release of norepi-
nephrine (NE) [15, 233, 234]. Excess norepinephrine release secondary to hypoxia or 
ischemia leads to further neuronal injury and the development or worsening of delir-
ium [235]. Studies have found that increased epinephrine and norepinephrine urinary 
levels predicted the incidence of delirium among hospitalized, elderly patients [236].

 Conclusions

Delirium is a neurobehavioral syndrome caused by the transient disruption of 
normal neuronal activity mediated by alterations in neurotransmitter and neuro-
nal network functioning, secondary to systemic (metabolic) disturbances. To 
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Fig. 10.8 Interrelationship of primary neurotransmitter systems regulating wakefulness and atten-
tion. ACh (one of the most important modulatory neurotransmitter systems in the brain, controlling 
activities that depend on selective attention, which themselves are an essential component of con-
scious awareness); adequate ACh levels are also essential for the regulation of multiple neuropsy-
chiatric functions, including rapid eye movement (REM) sleep, memory, and synchronization of 
the electroencephalogram (EEG), all of which are somehow impaired in delirium. DA both regu-
lates sleep-wake states and helps regulate melatonin; MEL helps regulate circadian rhythms in the 
body as a reaction to environmental lighting conditions; 5-HT helps to maintain arousal and corti-
cal responsiveness as well as inhibiting REM sleep; orexin (hypocretin), produced in the hypo-
thalamus, is responsible for regulating many different systems involved with sleep and stabilizing 
both awake and sleep states. The orexin system regulates DA, NA, histamine, and ACh systems. It 
is also responsible for integrating different metabolic demand, circadian rhythms, and sleep debt to 
decide what state the body should be in (asleep or awake). (Source: [263])
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date, most of the existing theories on the etiology of delirium are complemen-
tary, rather than competing, and none of them fully explain the phenomenon of 
delirium.

Chief among them is the link between delirium and a broad array of infectious 
and inflammatory abnormalities, suggesting that the CNS and the peripheral 
immune system maintain a dynamic cross talk to tightly coordinate the innate 
immune response. In fact, there are multiple potential pathways by which peripheral 
or systemic factors may elicit a central neuroinflammatory response, including, but 
not limited to, actual disruptions in the integrity of the BBB.

The presence of infectious agents or inflammatory processes leads to the devel-
opment of nonspecific physiological and behavioral, as in the case of “sickness 
behavior” and delirium. The Systems Integration Failure Hypothesis (SIFH) of 
delirium proposes that alterations in neurotransmitter function combined with a fail-
ure of the complex, highly organized, and interconnected brain systems lead to a 
failure in the CNS’s functional integration and appropriate processing of informa-
tion and response mechanisms. Thus, according to the SIFH, individuals have vary-
ing degrees of critical etiological factors and that this “load” will determine the 
basic fragility (e.g., aging, chronic illness, frailty) of the system in an inverse rela-
tionship with acute “precipitants and modifiable” factors (e.g., infection and inflam-
mation, sleep deprivation, trauma, surgery, hypoxia, medication use, substances of 
abuse, organ failure, electrolyte imbalance, metabolic derangement).

The interplay between the alterations in neurotransmitter dysfunction and which 
network emerges as dominant or unchecked gives rise to the various clinical mani-
festations observed in the various delirial motoric phenotypes (e.g., hyperactive, 
hypoactive, mixed). Thus, the manifestations of the specific delirium picture (i.e., 
phenotype) result from a combination of the alteration in neurotransmitter function 
and availability, and the variability in integration and appropriate processing of sen-
sory information and motor responses, mediated by an acute breakdown in brain 
network connectivity. 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 of change in inhibitory tone produced. 
In addition, the presence of a number of physiological states (i.e., cognitive or phys-
iological vulnerabilities) may further predispose individuals, allowing an inflamma-
tory process to have an even greater detrimental effect, which may explain the 
relationship between experiencing delirium and subsequent episodes of cognitive 
impairment or even dementia.
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Chapter 11
The Electroencephalogram and Delirium

Suzanne C. A. Hut, Frans S. Leijten, and Arjen J. C. Slooter

 Introduction

Delirium has been recognized since ancient times as an acute brain dysfunction 
associated with illness. Electroencephalography (EEG) is one of the oldest tech-
niques for studying brain function. Despite this long history, the scientific literature 
on EEG in delirium is limited. One of the reasons for this lack of progress may be 
inconsistent terminology across medical disciplines to describe neuropsychiatric 
changes in acute systemic illness. Whereas most geriatricians, psychiatrists, anes-
thesiologists, and intensivists appear to prefer the term “delirium,” neurologists, 
neurointensivists, and clinical neurophysiologists would describe the same entity as 
“encephalopathy.” In this chapter, we will use the term “delirium” to refer to a clini-
cal state characterized by a combination of features defined by diagnostic systems 
such as the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5) [1] or the tenth revision of the International Statistical Classification of 
Diseases and Related Health Problems (ICD-10) [2]. The term “acute encephalopa-
thy” in this chapter will refer to a rapidly developing (over less than 4 weeks, but 
usually within hours to a few days) pathobiological process in the brain that can lead 
to a clinical presentation of delirium or, in case of a severely decreased level of 
consciousness, to coma. In this chapter we will preferentially use the term 
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“delirium,” and we will review the EEG literature on both delirium and (acute) 
encephalopathy.

Despite the fact that delirium can be precipitated by a range of pathophysiologi-
cally diverse conditions, its clinical presentation is relatively homogeneous leading 
some to suggest there is a final common pathway. However, the substrate of this 
presumed common pathway is unclear. Studies on different etiologies of delirium 
are difficult to perform as it is usually impossible to assign one specific cause for 
delirium [3]. Studies on encephalopathy are more often focused on one specific 
etiology (e.g., septic encephalopathy) usually neglecting concomitant pathology 
(e.g., organ dysfunction or medication use).

 EEG in Normal Adults

There may be some misconceptions regarding the interpretation of EEG. We there-
fore start with a brief introduction on basic concepts of EEG to provide non- 
neurological clinicians and non-neuroscience researchers an appreciation of its 
scope and limitations.

EEG signals are voltage potentials mainly generated by neurons in the cerebral 
cortex (gray matter). However, action potentials of individual neurons are too weak 
and too brief to be recorded on an EEG. EEG recordings from a single electrode 
reflect the postsynaptic activity of thousands or even millions of cortical neurons. 
The EEG signal predominantly originates from neurons that are aligned radially to 
the recording surface (such that their excitatory and inhibitory postsynaptic poten-
tials can be summated). These compound potentials generate currents flowing in the 
extracellular space that can be detected at the surface of the brain. Yet electrical 
activity recorded at the brain’s surface does not only reflect the spontaneous activity 
of large populations of cortical neurons but also depends on important input from 
subcortical structures, in particular the thalamus and brainstem reticular formation. 
EEG abnormalities may therefore result from disruption of cortical networks or 
from modification of subcortical input on cortical neurons. It should be noted that 
activity generated in the lateral surfaces of the brain is recorded more precisely than 
is activity arising from interhemispheric, mesial, or basal areas [4]. Further, not all 
potentials that may be recorded at the cortical surface are detectable at the scalp. 
Summated potentials from the cerebral cortex are attenuated or distorted by overly-
ing structures, such as the pia mater, the subarachnoid space that is filled with cere-
brospinal fluid, the dura mater, and the skull. For these reasons, spatial resolution of 
regular, low-density EEG is poor, which hampers anatomical inferences. Another 
limitation of EEG is its low specificity – widely disparate diseases and conditions 
may produce similar changes in EEG. By contrast, temporal resolution is excellent, 
so that changes in milliseconds may be visible in EEG. In addition, EEG is rela-
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tively cheap and applicable at the bedside in patients with delirium, in contrast with 
other neuroimaging techniques such as magnetic resonance imaging (MRI) or posi-
tron emission tomography (PET).

A basic EEG array usually consists of up to 25 electrodes distributed over the 
scalp, covering a large part of the underlying cortex. The electrodes are typically 
placed proportionally to the head size in the so-called International 10–20 system 
[5], so that in each individual the electrodes carry names that reflect the sub-lobar 
area that is sampled. Odd numbers indicate left hemisphere locations, and even 
numbers are on the right (e.g., F3 is over the left lateral frontal cortex).

In clinical use, the EEG signal is typically displayed as a tracing of voltage 
changes over time and can be regarded as composed of oscillatory activity in vari-
ous frequency ranges, or bands. These oscillations may result from the synchro-
nized, rhythmic induction of postsynaptic potentials by populations of neurons that 
are interconnected with feedback loops. A frequently used measure is EEG power, 
the square of the average of the amplitude of the EEG signal, across the time sam-
pled. EEG power spectrum analysis allows for the calculation of the distribution of 
signal power across frequency bands in a certain time frame. Distinct frequency 
bands can often be observed and may all be present in a healthy EEG, depending on 
the state of the individual or ongoing cognitive processes.

Delta activity (<4 Hz) appears during slow-wave sleep and is not normally pres-
ent in adults when they are awake. Healthy adults may show some theta activity 
(4–8 Hz) over the temporal regions during drowsiness. During wakefulness, activity 
in the 8–13 Hz range is present in occipital regions while the eyes are closed (alpha 
rhythm) and in pericentral regions while the hands are at rest (mu rhythm), and beta 
activity (13–30 Hz) is normally present over the frontal areas. Slow activity (in theta 
bands) slightly increases with aging [6], whereas the use of certain medications 
such as benzodiazepines or barbiturates may increase the amount of beta activity 
[7]. In general, the slower the activity, the higher the amplitude, with beta usually 
below 30 μV, alpha around 70 μV, and delta often over 150 μV. The overall picture 
of an awake EEG with these frequency characteristics is called the background 
activity.

Moreover, an EEG in healthy awake individuals shows an anterior to posterior 
gradient, that is, the increase of amplitudes and decrease of predominant frequen-
cies from anterior to posterior sites. In the awake person, the frontal lobe is domi-
nated by beta activity of low amplitude, whereas a prominent alpha rhythm will 
dominate the posterior regions after eye closure. EEG reactivity in healthy indi-
viduals refers to the attenuation of the alpha rhythm upon fixation or opening of 
the eyes and the mu rhythm that disappears with contralateral hand movement. 
An example is provided in Fig.  11.1a. In summary, EEG rhythms in awake, 
healthy adults commonly manifest as relatively low in amplitude, while the fre-
quencies of these oscillations may be mixed [8] and the lowest, delta activity, 
being absent or rare.

11 The Electroencephalogram and Delirium
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Fig. 11.1 Examples of 14 s of EEG recordings. EEGs are represented in a bipolar montage. The 
first four lines represent the most lateral part of the right hemisphere, the next four the correspond-
ing part on the left. Under the ECG, lines represent the lateral part more cranially, halfway over the 
side of the skull, again the first four over the right and then four over the left. The last six channels 
are over the cranial midline. Filter settings 0.16–70 Hz. (a) 45-year-old male, 3 days after cardiac 
surgery, without complications. He is awake and oriented. The EEG shows eyeblink artifacts in the 
frontopolar leads and muscle artifacts (dense blackening of the curve, especially in the second four 
lines at the end). After eye closure, halfway the page, an alpha rhythm arises over the posterior 
leads. Conclusion: normal EEG. (b) 80-year-old female, heart and kidney failure. She is slightly 
obtunded and confused. The EEG shows no anterior to posterior gradient and is dominated by 
polymorphous slow (delta) rhythms. There is no background differentiation; the eyes are closed. 
Conclusion: delirium. (c) 60-year-old male with cerebral aspergillosis after stem cell transplant for 
multiple myeloma. Clinical delirium. The EEG shows periods of high-amplitude polymorphous 
delta activity, interspersed with periods of attenuation. There are no features of stage 2–3 sleep 
such as spindles or K-complexes. Conclusion: delirium
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 EEG Characteristics of Delirium

In delirium, the EEG is characterized by a diffuse increase of theta and delta oscil-
lations. This pathological slowing is typically more prominent over frontal regions 
where low-amplitude beta normally reigns. Increased power in the delta band may 
consist of polymorphous (i.e., irregularly shaped) delta activity, frontal intermittent 
rhythmic delta activity (FIRDA), and triphasic waves (TWs) [9].

The presence of diffuse polymorphous delta activity during the awake state is 
typical in the delirium EEG. Polymorphous delta activity when restricted to lateral-
ized or focal regions is also seen with focal brain pathology such as stroke or brain 
tumors [10–12]. Thus, it is important that the delta activity is bilateral and diffuse to 
indicate delirium. However, diffuse polymorphous delta activity is also a character-
istic of stage 2–3 non-rapid eye movement (NREM) sleep [9]. This delta activity 
will be more continuous during sleep and not intermittent such as in most cases of 
delirium. Normal stage 2–3 NREM sleep can further be distinguished because of 
special features (sleep spindles, vertex waves, K-complexes) that are absent in the 
EEG of an awake delirious patient. Still, an EEG suggestion of delirium is best taken 
from an awake EEG. In a way, one might speculate that delirium is the intrusion of 
bouts of NREM sleep in the awake state. Indeed, extreme sleep deprivation may 
cause delirium as well as produce such EEG sleep intrusion in the healthy adult [13].

Polymorphous delta activity in delirium may be continuous (Fig. 11.1b) but is 
usually intermittent (Fig. 11.1c). Intermittent delta activity may appear in a rhyth-
mical (i.e., monomorphic and repetitive) fashion as short, moderate- to high- 
amplitude runs that last between 2 and 6  s over the frontal areas, alternated by 
episodes of faster frequencies or even a normal background pattern. Frontal inter-
mittent rhythmical delta activity (FIRDA), also referred to as generalized rhythmic 
delta activity (GRDA) with frontal predominance, is associated with various patho-
logical processes such as increased intracranial pressure, intoxication, posterior 
fossa pathology, and certain diseases such as Lewy body dementia, as well as with 
hyperventilation in normal individuals [14]. Due to its non-specificity, it may not be 
surprising that FIRDA may also manifest with delirium of various etiologies, such 
as sepsis [15], hyperglycemia, and uremia [16].

Triphasic waves may also occur in the delta frequency band and can be recog-
nized by their large, frontally predominant positive peak (>70 μV), flanked by two 
negative deflections (i.e., plotted upward, in accordance with the EEG polarity con-
vention for surface negative waveforms). They typically occur in prolonged runs 
approximately once per second and attenuate during sleep. In the American Clinical 
Neurophysiology Society standardized ICU EEG nomenclature, these are referred 
to as generalized periodic discharges (GPDs) with triphasic morphology. TWs are 
associated with delirium due to a variety of causes and with increased risk of unfa-
vorable outcomes such as mortality [17, 18]. Akin to FIRDA, TWs may be a reflec-
tion of a number of conditions but have historically been described in hepatic failure 
[19], which frequently results in delirium [20]. An example of TWs is provided in 
Fig. 11.2a.

11 The Electroencephalogram and Delirium
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Fig. 11.2 Some specific examples of 14 s EEG recordings. Filter settings 0.16–70 Hz. (a) 43-year- 
old female, hepatic failure with high ammonia serum levels due to valproic acid intoxication. 
Clinical delirium with periodic unrest; also asterixis and confusion. The shown episode is during a 
short period of relaxation. The EEG shows high-amplitude delta with prominent frontal- 
predominant sharp waves at leads, so-called triphasic waves in delirium associated with hepatic 
failure. (b) 58-year-old male, glioblastoma in the left hemisphere, after he suffered a generalized 
tonic-clonic seizure. He has dysphasia, but is responsive, no unrest. The EEG shows relatively 
normal background activity over the right hemisphere, but a highly abnormal pattern over the left 
hemisphere with so-called periodic lateralized discharges, which in this case reflects a postictal 
and tumor-related focal phenomenon. (c) 66-year-old male, glioblastoma in the right hemisphere 
with focal seizures with jerking of the left arm. He was found at home and brought to the ICU with 
respiratory problems and unresponsiveness, but no jerking. The EEG shows an evolving rhythmi-
cal pattern over the right hemisphere that waxes and wanes and polymorphous delta activity over 
the left hemisphere. Conclusion: non-convulsive status epilepticus
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The occurrence of various features of the EEG thus sometimes allows for the 
detection of underlying causes of delirium. Nevertheless, quantitative spectral pat-
terns may vary between individuals, and more research is needed to associate cer-
tain spectral features with clinical phenotypes, e.g., hypoactive or hyperactive 
delirium [21]. For now, general slowing and disorganization of the background EEG 
appear to be shared features of the delirium EEG.

The increase of power in the theta and delta band is inseparably paired with a 
reduction of power in the alpha and beta frequency band. While EEG reactivity with 
appearance of a posterior alpha rhythm upon eye closure is observed in healthy 
adults, during delirium the EEG often shows an abnormal lack of posterior alpha 
rhythm. The relative alpha power is thus reduced in delirium, while relative power 
in the theta and delta band typically increases. Consequently, the ratio of fast-to- 
slow band power is reduced in delirium. Interestingly, upon recovery, a shift from 
predominant delta power back into theta, alpha, and higher frequency bands may be 
observed [21]. EEG manifestations of delirium are thus reversible, following the 
clinical symptoms.

In clinical practice, EEG may be helpful in detecting delirium in certain popula-
tions [21], and the amount of relative delta power in spectral analysis might provide 
a tool for quantification and follow-up [22].

 Delirium Due to Non-convulsive Seizures

Non-convulsive seizures can be thought of as abnormal excessive or synchronous 
neuronal activity without obvious motor activity [23, 24]. In case of persistence or 
recurrence without interictal return to baseline, the term non-convulsive status epi-
lepticus is used. Criteria for non-convulsive seizures include the presence of epilep-
tic activity as detected with EEG (e.g., Figure  11.2b, c) and clinical or EEG 
improvement after the administration of a rapidly acting anti-epileptic drug [25, 26]. 
Non-convulsive seizures can present with a variety of symptoms and signs that may 
be nonspecific, including a decreased level of consciousness, confusion, psychosis, 
eye deviation, nystagmus, subtle convulsions, rigidity, automatisms, chewing, 
tachycardia, sweating, or an increase in intracranial pressure [27].

Some symptoms and signs of non-convulsive seizures therefore show overlap 
with features of delirium, and their persistence could point to non-convulsive status 
epilepticus. Causes of non-convulsive status epilepticus overlap with causes of 
delirium. These include metabolic alterations (such as hepatic and renal failure, 
electrolyte abnormalities), drug intoxications, and acute withdrawal of certain drugs 
[28]. Not only can delirium manifest during seizures (in the ictal period), delirium 
can also persist after or between electrographic seizures (postictal confusion) [29]. 
The issue whether non-convulsive status epilepticus leads to delirium is relevant, as 
status epilepticus should be treated with anti-epileptic drugs, which might be with-
held in case of a mistaken diagnosis of delirious state due to other causes. Sometimes, 
non-convulsive status epilepticus may consist of intermittent seizures that can be 
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missed with a conventional 30-min EEG recording. To definitely rule out non- 
convulsive status epilepticus, prolonged or continuous EEG recording is advised 
[30], which may be logistically challenging.

It may not come as a surprise that the literature on delirium due to non- convulsive 
status epilepticus is limited. In three studies on non-neurological intensive care unit 
(ICU) patients who underwent continuous EEG monitoring for evaluation of altered 
consciousness, non-convulsive status epilepticus was detected in 0% (n = 62 patients 
with sepsis), 6% (n = 154 surgical ICU patients), and 10% (n = 201 medical ICU 
patients) [15, 31, 32]. Another study in patients presenting with delirium found a 
much higher proportion of patients with non-convulsive status epilepticus using 
continuous EEG (28%) or conventional 20-min EEG (6%) [33]. However, the selec-
tion of study participants was unclear, as well as the required quantity of certain 
EEG features to classify as epileptic. Furthermore, the majority of patients classi-
fied with non-convulsive status epilepticus showed an EEG feature of generalized 
periodic discharges, which most experts do not consider typically epileptic.

Non-convulsive status epilepticus is an important but relatively rare underlying 
cause of delirium, especially in the patient without primary (focal) brain disease and 
without a history of seizures. Clues to non-convulsive status epilepticus may include 
subtle motor movements, such as gaze deviation, nystagmus, subtle limb twitches, 
rigidity, and oral and manual automatisms, particularly in cases with a (hyper)acute 
onset of delirium and a prior history of seizures. The single most helpful test to 
detect non-convulsive status epilepticus is EEG [28].

During a 30-min EEG recording, brief episodes of non-convulsive seizures 
may be missed. However, if electrographic seizure activity does not occur dur-
ing apparent behavioral phenomena, this argues against an epileptic origin of 
these features. Diagnosis of non-convulsive status epilepticus is supported when 
the administration of a rapidly acting anti-epileptic drug results in both clinical 
and EEG recovery.

 Applications of EEG in Delirium Research and Management

The EEG has the potential to contribute to various areas of delirium research and 
management.

Firstly, it may provide insight in the pathophysiology of delirium. In the last two 
decades, there appears to be a renaissance of interest in EEG among neuroscientists 
fueled by rapid developments in network science. Network science has introduced 
new opportunities for understanding the brain as a complex system of interacting 
units [34]. Networks consist of nodes (vertices) that are connected to edges. When 
a neural network is constructed from EEG, the EEG electrodes can be considered 
the nodes of the network and the strength of the phase coupling between the EEG 
channels as edges. Using this network construct, EEG is usually analyzed within the 
commonly accepted EEG frequency bands (i.e., delta, theta, alpha, and beta). A 
variety of network characteristics can thus be computed, including the average con-
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nectivity strength and measures of network topology. It appears that network altera-
tions during delirium are characterized by loss of functional connectivity in the 
alpha band and changes toward a more random and less integrated network [35, 36]. 
With these analyses, hypoactive delirium could be distinguished from a similar state 
which occurs during recovery from anesthesia [36].

Network analyses can also be used to study whether delirium due to different 
causes results in similar alterations in connectivity and topology, strengthening the 
argument for a final common pathophysiologic pathway. This could be investigated 
by comparing delirium due to a different etiology (e.g., postoperative, infectious, 
metabolic) with regard to various EEG characteristics. It is however difficult to clas-
sify delirium into etiological subgroups because of its multifactorial nature.

Another interesting approach is to build computational models that represent 
populations of interconnected inhibitory and excitatory neurons, resulting in an arti-
ficial EEG signal. By modifying the components of these so-called neural mass 
models, such as ion channel thresholds, this EEG signal acquires or loses certain 
characteristics and features, which can be compared with an EEG signal during 
delirium. Neural mass in silico models can thus fundamentally increase our under-
standing of EEG disturbances in delirium [37].

Secondly, EEG may be applied in routine diagnosis and monitoring of delirium. 
Delirium is often not recognized in daily clinical practice by non-delirium experts, 
such as ICU physicians [38]. To improve recognition, delirium screening tools have 
been developed. While clinical tests suffice in a research setting with a limited num-
ber of research assistants administering the test [39, 40], they appear insensitive in 
daily routine practice with numerous nurses in day-to-day care [41, 42]. There is 
therefore a need for an objective delirium detection tool which is easy to use. A 
conventional 30-min 25-channel EEG recording is not practical for large-scale, rou-
tine monitoring. Fortunately, quantitative analysis of 1-min, two-channel EEG 
could reliably distinguish patients with “definite delirium” from those with “definite 
no delirium” after cardiac surgery [43]. These results were validated in an indepen-
dent cohort of postoperative patients (n = 159, area under the receiver operating 
characteristic curve 0.75 based on the relative delta power, and 0.78 based on 
explorative analysis of relative power from 1 to 6 Hz) [44]. Another recent study 
also showed high specificity and sensitivity when a bispectral EEG device was used, 
even with the inclusion of patients with dementia [45]. Before brief EEG recordings 
can be introduced in daily clinical practice, usability needs to be optimized.

Thirdly, EEG could be used to assess prognosis of delirium. Quantification of 
slowing of EEG background activity over time might provide a more accurate mea-
sure of monitoring the resolution of delirium than clinical monitoring with scores 
such as the Glasgow Coma Scale. However, although associations have been 
described between different grades of slowing of EEG background activity and out-
come, prognosis seems to be predominantly determined by etiology [46]. EEG reac-
tivity, e.g., modulation of background activity in response to stimulation, is related 
with a more favorable prognosis. Further more, presence of physiological EEG ele-
ments during NREM sleep appears to have prognostic value. These include vertex 
waves, sleep spindles, and K-complexes. Particularly the presence of K-complexes 
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was found to be associated with favorable outcomes [47]. In summary, EEG is a 
sensitive tool, and various EEG features seem to have prognostic value in delirium. 
It is still unclear which EEG characteristics are optimal in predicting delirium out-
come [48].

 Conclusions

The EEG in delirium is characterized by slowing of background activity, resulting 
in increased power in the theta and especially delta frequency range. Several other 
features may also be present in the EEG of delirious patients, such as FIRDA and 
TWs. The use of EEG in detection and monitoring of delirium seems promising, 
and the sensitivity of EEG for delirium is high. Certain EEG elements may also 
have prognostic value, which could be of clinical relevance. Moreover, network 
analyses and in silico models offer opportunities to study the presence of common 
pathways due to different causes. Lastly, EEG is a useful tool in further investiga-
tion of non-convulsive seizures and their link to delirium. EEG, even when a limited 
number of electrodes is used, is thus a valid method that could aid prediction, detec-
tion, and monitoring of delirium.

Declaration of Interests Authors AJCS and FSL are advisors for Prolira, a start-up company that 
is working on the development of an EEG-based delirium monitor. Any (future) profits from EEG- 
based delirium monitoring will be used for future scientific research only.
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Chapter 12
Endothelial Health and Delirium

Marcos G. Lopez and Christopher G. Hughes

The endothelium comprises a surface area in the range of 4000–7000 m2 in an adult 
human and plays an integral role in the regulation of perfusion, immune cell activa-
tion and inflammation, coagulation, and maintenance of the blood-brain barrier [1–
3]. Each of these processes may potentially contribute to the development of delirium 
in critically ill patients (Fig.  12.1). This chapter will examine the potential 
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contributions of these endothelial processes to delirium and acute brain dysfunction. 
While several associations between markers of endothelial function and delirium are 
consistent with biologically plausible pathophysiology and provide clues to the 
mechanisms underlying delirium (Fig. 12.2), there remains a large knowledge gap in 
understanding the specific mechanisms linking endothelial  dysfunction to delirium.

 Endothelium-Regulated Perfusion

A primary role of the endothelium is to regulate vascular tone and, thus, perfusion 
of tissues. Major endothelium-mediated vasodilators include nitric oxide (NO), ace-
tylcholine, adenosine, and prostaglandins [4]. Vasoconstriction can be induced by 
endogenous or exogenous catecholamines, vasopressin, dopamine, and nitric oxide 
scavengers [5]. The balance of these signals is integrated by endothelium-derived 
mechanisms and can lead to differential perfusion across different organ vascular 
beds, including the cerebral circulation.

The endothelium plays an essential role in the modulation of cerebral blood flow. 
Large cerebral vessels exhibit flow-mediated dilation, an increase in the luminal 
diameter of the blood vessel in response to increased shear stress that is largely 
mediated by nitric oxide generated by endothelial nitric oxide synthase [6, 7]. Nitric 
oxide can freely diffuse to smooth muscle cells where it binds and activates guanyl-
ate cyclase. Guanylate cyclase generates guanosine 3′,5′-cyclic monophosphate 
(cGMP) which activates myosin light chain phosphatase leading to smooth muscle 
relaxation and resultant vasodilation [8]. In humans, endothelium-dependent (and 
nitric oxide-mediated) vasodilation is present in cerebral arteries [9]. Regional cere-
bral blood flow decreases while patients have delirium and returns to normal after 
delirium resolves, indicating that there is a possibility for a direct role for altered 
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cerebral blood flow in the pathogenesis of delirium [10]. Endothelial modulation of 
cerebral blood flow may affect or underlie the observed association between altered 
cerebral blood flow and delirium.

Delirium and acute brain dysfunction might be precipitated by hypoperfusion, 
hyperperfusion, ischemia-reperfusion events, or altered cerebral autoregulation. In 
patients undergoing cardiac surgery, cerebral hyperoxia and hyperoxic cerebral 
reperfusion measured with near-infrared spectroscopy are independently associated 
with increased odds of postoperative delirium [11]. Dysregulation of cerebral blood 
flow by the endothelium or an impaired ability of the endothelium to modulate 
blood flow in this setting may contribute to the development of delirium in patients 
with cerebral hyperoxia or hyperoxic cerebral reperfusion. This is further supported 
by findings that disturbed cerebral autoregulation is associated with delirium in 
patients with sepsis [12].

Impaired perfusion of small arterioles and capillaries, termed microvascular dys-
function or microvascular disease, may be particularly affected by endothelium- 
dependent mechanisms. Microvascular dysfunction has long been hypothesized as 
a contributor to organ dysfunction in patients with sepsis and may be a contributor 
to brain dysfunction in other disease states [13], and microvascular dysfunction is 
associated with long-term cognitive decline [14]. Structural and functional altera-
tions of brain capillary endothelial cells are associated with impaired microcircula-
tion [15]. Decreased reactive hyperemia index, a measurement of 
endothelium-dependent reactive hyperemia in the digital vascular bed elicited in 
response to an ischemic stimulus, is associated with increased delirium duration and 
decreased delirium/coma-free days in medical and surgical ICU patients [16]. Thus, 
worse endothelium-mediated vascular reactivity in a peripheral microvascular tis-
sue bed is associated with increased delirium. Interestingly, this association was not 
mediated by blood-brain barrier function in a subsequent study, suggesting an inde-
pendent contribution of endothelium-dependent perfusion [17]. The direct causal 
pathway underlying this association, however, is not known, nor is the correlation 
between peripheral and cerebral measurements of endothelial reactivity. Associations 
between delirium and endothelium-mediated vascular reactivity responses in larger 
conduit (e.g., brachial) arteries and direct assessment of endothelial function in 
resistance arterioles using wire myography are currently being examined in ongoing 
studies [18]. It remains unknown (1) if there are therapies that improve microvascu-
lar or conduit artery vascular reactivity in the acute phase and (2) what effects these 
therapies have on the development of delirium in patients. One pilot study, however, 
has demonstrated that early physical therapy during critical illness can improve 
endothelial vascular reactivity and that improvement in endothelial vascular reactiv-
ity is associated with decreased delirium [19].

Current evidence supports that microcirculatory blood flow abnormalities from 
endothelial dysfunction contribute to delirium. The direct influence of the endothe-
lium on regional blood flow appears important in achieving the metabolic balance 
needed by brain tissue for normal functioning, but other contributing factors of the 
endothelium also likely influence brain activity such as selective permeability or 
barrier function.
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 Endothelium and the Blood-Brain Barrier

The blood-brain barrier is a selectively permeable layer made of specialized endo-
thelial cells and astrocytes that regulate the flow of substances across the central 
nervous system (CNS) capillary bed based on size and polarity in the absence of 
other specific para- and transcellular transport mechanisms [20, 21]. Blood-brain 
barrier permeability is primarily affected by the tight and adherens junctions 
between endothelial cells in the CNS capillary bed. Tight junctions seal the cleft 
between individual endothelial cells, and adherens junctions facilitate contact 
between endothelial cells [22]. The blood-brain barrier protects central neurons and 
brain function via this selective permeability. Blood-brain barrier disruption has the 
potential to allow injurious molecules such as reactive oxygen species or inflamma-
tory mediators from the periphery to directly damage tissue or alter neurotransmis-
sion by brain neurons.

Multiple models of sepsis or brain ischemia have demonstrated an increased 
interactions between the endothelium and blood-brain barrier permeability. 
Structural alterations correlating with altered permeability are seen in blood-brain 
barrier endothelial cells [23], and hypoxia leads to blood-brain barrier endothelial 
cell permeability changes via tight junction protein phosphorylation [24]. 
Upregulation of inducible nitric oxide synthase and superoxide production is seen 
in brains of septic mice [15]. In vitro and animal investigations observed that cyto-
kines such as tumor necrosis factor-alpha, interleukin-1B, and vascular endothelial 
growth factor-A increase permeability of the blood-brain barrier [25–27]. 
Proinflammatory cytokines can also modulate astrocytes’ energy metabolism and 
cellular stress defenses, which may contribute to altered blood-brain barrier func-
tion and neuronal vulnerability [28]. Meta-analyses have identified that increasing 
age is associated with increased blood-brain barrier permeability in patients [29]. 
Further, blood-brain barrier breakdown is one of the earliest predictors of cognitive 
impairment [30] and is commonly seen after cardiac surgery [31]. Interestingly, 
advanced age, structural changes on brain imaging, prior cognitive impairment, and 
cardiac surgery are some of the strongest risk factors for the development of delir-
ium. Thus, it is possible that increased blood-brain barrier permeability is a major 
contributing factor to the increased risk of delirium.

Measuring the permeability of the blood-brain barrier in patients with acute ill-
ness, however, is challenging. Calcium-binding protein S100 beta (S100B) is a 
marker of blood-brain barrier disruption and astrocyte injury after central nervous 
system injury or ischemia [32–34]. By comparing the quotient of S100B in cerebro-
spinal fluid to the concentration in serum in patients with severe traumatic brain 
injury, Blyth et  al. identified that circulating S100B concentrations accurately 
reflect blood-brain barrier dysfunction in patients. Subsequently, it was noted that 
plasma concentrations of S100B are associated with delirium in elderly patients 
with hip fractures [35], septic patients [36], and patients in shock or with respiratory 
failure [17] and with neuropsychiatric disorders after cardiac surgery [37, 38]. 
Thus, S100B is a well-validated peripheral marker of blood-brain barrier disruption 
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that is  independently associated with delirium in critically ill patients. The exact 
nature of injury (or vulnerability) that is precipitated by blood-brain barrier disrup-
tion is not yet known, but evidence suggests that changes in the blood-brain barrier 
act separately and in addition to changes in the microcirculation with regard to 
delirium [17].

The blood-brain barrier functions to reduce toxin exposure, prevent neuronal 
injury, and maintain electrochemical gradients necessary for normal CNS cellular 
function. Current evidence highlights that disruption of the blood-brain barrier 
likely contributes to the development of delirium in patients. Potential mechanisms 
leading to acute cognitive dysfunction in this setting are direct damage to tissue or 
cells, disruption of neurochemical signaling, and alterations of the extracellular 
milieu including electrochemical gradients. It is unclear what therapies, interven-
tions, or clinical practices can reduce blood-brain barrier disruption during acute 
illness and if doing so will make a clinically important impact for patients.

 Endothelial Activation and Modulation of Immune Responses

Systemic inflammation is seen in pathologic states such as sepsis, trauma, and use 
of mechanical circulatory support and is associated with delirium [39–42]. 
Inflammatory stimuli such as pathogens or trauma induce leukocytes to release 
cytokines that activate endothelial cells to express surface ligands called endothelial- 
leukocyte adhesion molecules [43]. These adhesion molecules facilitate endothe-
lium and leukocyte interactions that initiate leukocyte rolling. Activated endothelial 
cells also express additional chemokines that increase contact area between leuko-
cytes and endothelium, cluster surface integrins for firm attachment, and stimulate 
chemokinesis – all necessary steps for leukocyte extravasation into tissue [44]. This 
process is obligatory for normal responses to injuries or pathogens. 
Neuroinflammation is thought to contribute to neurodegenerative pathologies such 
as Alzheimer’s disease and Parkinson’s disease, and systemic inflammation causes 
acute neurocognitive dysfunction from impaired synaptic transmission. The endo-
thelium is an integral modulator and activator of inflammatory cascades that likely 
elicits brain dysfunction. Furthermore, inflammation has been tied to endothelial 
dysfunction in chronic disease states such as hypertension, obesity, and diabetes 
mellitus [45, 46].

E-selectin, ICAM-1, and VCAM-1 are surface endothelial-leukocyte adhesion 
molecules expressed by endothelial cells after tissue injury or in the presence of 
inflammatory cytokines and mediate endothelial cell-immunocyte interaction [47]. 
Excess endothelial activation is a possible inflammation-mediated mechanism for 
neuronal dysfunction and delirium. A postmortem examination of human brain tis-
sue identified associations between the systemic marker of inflammation and acute- 
phase reactant C-reactive protein and endothelial activation markers including 
intercellular adhesion molecule-1, CD40, and cyclooxygenase-2  in perivascular 
brain tissue [48]. Endothelial activation markers are associated with blood-brain 
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barrier leukocyte adhesion and dysfunction [49]. Additionally, isolated brain endo-
thelial cells have been noted to express Toll-like receptors 3 and 4, which are impor-
tant for myeloid cell differentiation during inflammation, and that activation of 
these receptors leads to increased intercellular endothelial leak [50]. These preclini-
cal studies support the hypothesis that systemic inflammation affects brain tissue 
through activation of endothelial cells and increased blood-brain barrier 
permeability.

In critically ill patients with delirium, increased plasma concentration of 
E-selectin is associated with increased odds of delirium, further supporting the idea 
that excess endothelial activation is a likely contributor to the development of delir-
ium [17]. Additionally, E-selectin concentration during hospitalization for critical 
illness is associated with long-term cognitive decline indicating that endothelial 
activation in the acute phase may play an important role in the neurocognitive health 
of patients in the long term [51].

Endothelial activation of immune cells induces inflammatory cascades, increased 
endothelial leak, and potentially neurologic dysfunction and injury. Future investi-
gations will need to more directly quantify the effects of endothelial activation and 
to determine if there are other contributing factors to the development of delirium 
such as direct-activated immune cell-mediated damage to neurons.

 The Endothelium, Coagulation, and Delirium

The endothelium is directly involved in the control of anticoagulation, platelet adhe-
sion and activation, and fibrinolysis, but it is unclear if these processes contribute to 
the development of delirium. Impaired microvascular perfusion from dysregulated 
coagulation as is seen in disseminated intravascular coagulation has long been 
hypothesized to underlie cerebral dysfunction in patients [52], and experimental 
models have noted that endothelial activation is a necessary component of thrombus- 
related microvascular dysfunction in sepsis [53]. Lower plasma concentrations of 
protein C (suggesting increased coagulation) are significantly associated with 
increased probability of delirium in the ICU [54]. Hughes et al. noted that higher 
levels of plasminogen activator inhibitor-1 (PAI-1) are independently associated 
with fewer delirium- and coma-free days in critically ill patients. Furthermore, 
higher PAI-1 (suggesting suppressed fibrinolysis) concentration was associated 
with a longer duration of delirium adjusted for potential confounders of this asso-
ciation [17]. The mechanisms underlying this association remain incompletely 
defined, but the idea that increased activation of coagulant pathways could impair 
cerebral microvascular circulation and lead to a clinical presentation of delirium is 
plausible and supported by initial studies.
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 Summary

The vascular endothelium directly contributes to the control of perfusion, mainte-
nance of the blood-brain barrier, activation of immune and inflammatory processes, 
and coagulation. Each of these endothelial functions has the potential to contribute 
to the development of delirium in patients, and while multiple investigations have 
identified associations between endothelial dysfunction or injury and delirium 
(Table  12.1), there remains a large gap in the knowledge surrounding the direct 

Table 12.1 Summary of evidence for individual endothelial functions and associations with 
delirium or altered neurocognitive function

Endothelial function Reference

Perfusion and vascular reactivity
• Regional cerebral blood flow is decreased during delirium [10]
• Intraoperative hyperoxic cerebral reperfusion is associated with increased odds of 

delirium after cardiac surgery
[11]

• Disturbed cerebral autoregulation is associated with delirium in septic patients [12]
• Microvascular dysfunction is associated with long-term cognitive decline [14]
• ↓ Digital vascular reactivity is associated with ↑ duration of delirium and ↓ 

delirium-/coma-free days in ICU patients
[16]

• Early physical therapy improves vascular reactivity and is associated with 
decreased delirium in critically ill patients

[19]

Endothelial barrier function
• Blood-brain barrier breakdown is an early predictor of cognitive impairment [30]
• Increased plasma concentrations of S100B are associated with delirium in patients 

with hip fractures
[35]

• Increased plasma S100B is associated with delirium in patients with sepsis [36]
• Increased plasma S100B is associated with delirium in patients with shock or with 

respiratory failure
[17]

• Increased plasma S100B in critically ill patients is associated with long-term 
cognitive decline

[48]

Immune cell activation and inflammation
• Systemic inflammation in sepsis, trauma, and use of mechanical circulatory 

support is associated with delirium/neurocognitive dysfunction
[39–42]

• Increased plasma E-selectin concentration is associated with increased odds of 
delirium in critically ill patients

[17]

• Increased plasma E-selectin concentration in critically ill patients is associated 
with long-term cognitive decline

[48]

Coagulation
• Lower concentrations of protein C are significantly associated with increased 

probability of delirium in critically patients
[51]

• Increased PAI-1 plasma concentration is associated with ↑ duration of delirium and 
↓ delirium-/coma-free days in ICU patients

[17]
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pathophysiologic relationship between endothelial health and delirium. Potential 
treatments for endothelial dysfunction should be studied to determine if they reduce 
the incidence of delirium.
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Chapter 13
Preventive Strategies to Reduce Intensive 
Care Unit Delirium
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 Introduction

Evidence-based interventions that aim to prevent the occurrence and/or reduce the 
duration of intensive care unit (ICU) delirium have the potential to dramatically 
improve both short- and long-term patient and family-centered outcomes. 
Unfortunately, studies evaluating pharmacologic and nonpharmacologic delirium 
prevention and reduction strategies in the ICU are few and generally methodologi-
cally weak. The most recent 2018 Clinical Practice Guidelines for the Prevention 
and Management of Pain, Agitation/Sedation, Delirium, Immobility, and Sleep 
Disruption (PADIS) Guidelines [1] acknowledge that this area of research is par-
ticularly challenging as any well-designed delirium prevention study would require 
a baseline evaluation of patients who are delirium-free at the time of ICU admis-
sion. This is challenging due to the high rates of delirium and/or coma present at the 
time of ICU admission and the unplanned nature of many critical care admissions. 
Nevertheless, the evidence to date suggests that it is possible to reduce the incidence 
and duration of ICU delirium through a number of nonpharmacologic, 
multicomponent, interprofessional approaches. The purpose of this chapter is to 
review the evidence for the effectiveness of interventions to prevent ICU delirium.
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 Importance of Identifying and Removing Risk Factors

The first step toward preventing and reducing the duration of ICU delirium is to 
identify and remove, if possible, any underlying risk factors (see also Chap. 4). The 
development of delirium typically depends upon a complex interaction of multiple 
risk factors that are present prior to and during an ICU stay. These risk factors are 
generally divided into two broad categories: non-modifiable and modifiable.

 Non-modifiable Risk Factors

The new PADIS Guidelines outline the non-modifiable risk factors with the stron-
gest evidence for an association with ICU delirium. These include older age, preex-
isting dementia, prior coma, pre-ICU emergency surgery or trauma, and greater 
severity of illness [1]. There is also moderate evidence suggesting that a history of 
hypertension, current neurologic or trauma admission, and prior use of antipsychot-
ics and anticonvulsants increase the risk of delirium. While non-modifiable risk 
factors cannot be changed, clinicians need to be aware of the relationship between 
these factors and the likelihood of delirium in order to better employ prevention and 
mitigation strategies early in the ICU stay in these high-risk patients.

 Modifiable Risk Factors

The PADIS guidelines identify two modifiable risk factors for delirium: the admin-
istration of blood transfusions and the use of benzodiazepines [1]. Restricting blood 
transfusions to a threshold of hemoglobin level less than 7.0 g/dl for chronic ICU- 
related anemia may reduce the incidence of blood administration; however, transfu-
sion often remains a necessary component of treatment for acute blood loss anemia, 
and therefore not modifiable in many cases. Psychoactive medications, including 
benzodiazepines and other sedatives, are widely understood to play an associative 
role in the development of delirium [2]. Other modifiable risk factors for the devel-
opment of delirium identified in the literature include the practice of sedating 
patients more than clinically necessary [3–6], use of physical restraints with result-
ing immobility [7–9], social isolation [7], sleep deprivation [10, 11], and environ-
mental factors such as excessive light and noise [7, 12]. Finally, the maintenance of 
clinical parameters such as serum glucose [13], electrolytes [14, 15], and other mea-
sures of homeostasis within normal limits has been shown to reduce the likelihood 
of the development of delirium. Clinicians should initiate preventative strategies 
that focus on these modifiable risk factors early in the ICU stay to decrease the 
incidence and duration of delirium in high-risk patients.
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 Pharmacologic Prevention of Delirium

A recent international survey found that 93% of intensive care unit (ICU) clinicians 
were using haloperidol in the treatment and prevention of delirium, while 53% were 
using antipsychotics for delirium-associated agitation [16]. This is concerning as 
the best evidence to date suggests that most pharmacological agents do not consis-
tently aid in the prevention of ICU delirium [17–20]. Based upon this evidence, the 
PADIS guidelines do not recommend the use of antipsychotics (typical or atypical), 
dexmedetomidine, HMG-CoA reductase inhibitors, or ketamine to prevent delirium 
in critically ill adults [1].

 Antipsychotics

A recent systematic review and meta-analysis of seven studies comprising 1970 
ICU and non-ICU patients found no association between the use of preventative 
antipsychotics (haloperidol or atypical antipsychotics) and delirium incidence, 
duration, or severity [17]. A large, randomized, placebo-controlled trial of ICU 
patients at high risk for delirium (n  =  1789) found that compared to controls, 
patients who received prophylactic haloperidol were no more likely to survive to 
28 days [21]. Furthermore, no differences were noted in delirium incidence, delir-
ium-free or coma-free days, duration of mechanical ventilation, or length of stay 
(LOS) between the two groups. While antipsychotics are not recommended for rou-
tine prevention or treatment of delirium, short-term doses of these medications may 
be necessary for patients who experience distressing symptoms (i.e., hallucinations, 
severe agitation) or are at risk for self-harm. Clinicians must be sure to discontinue 
these medications once the patient stops experiencing these symptoms, as many 
patients mistakenly remain on long-term antipsychotic therapy after discharge from 
the ICU [22, 23].

 Dexmedetomidine

In a meta-analysis of 14 studies including both ICU and cardiac patients (n = 3029), 
dexmedetomidine was found to decrease the risk for delirium, agitation, and/or con-
fusion [24]. Studies comparing the use of dexmedetomidine to propofol or benzodi-
azepines have also found statistically significant reductions in the incidence or 
duration of delirium and decreased duration of mechanical ventilation, but no 
impact on ICU LOS [25–28]. In a recent systematic review of pharmacologic pre-
vention, the authors considered these studies to be of generally high quality with 
large sample sizes [29]. Conversely, another systematic review published in the 
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same year examined three of these studies and found that issues with study design 
prohibited the ability to conclude that dexmedetomidine prevents delirium [30]. A 
key limitation to all of these studies was the comparison of dexmedetomidine to 
benzodiazepines (known risk factor for delirium) or propofol rather than to a pla-
cebo. Further, many of these studies are not strictly preventive trials since some 
patients already had delirium at the time of randomization into the studies.

Although the use of dexmedetomidine can decrease the need for benzodiaze-
pines and allow for light levels of sedation without suppressing respiratory drive, 
the PADIS guidelines do not currently recommend dexmedetomidine for the pre-
vention of delirium. This recommendation is based on the results of a recent ran-
domized, double-blind, placebo-controlled study of 700 non-cardiac surgical ICU 
patients [18]. While this study did find a statistically significant reduction in delir-
ium incidence in those who received prophylactic dexmedetomidine, no other 
improvement in clinical outcomes (i.e., duration of mechanical ventilation, ICU 
LOS, or mortality) was demonstrated. In addition, subjects in this study had a lower 
severity of illness than a typical ICU population, which inherently decreased the 
risk of delirium for those studied. More studies are needed to better understand the 
relationship between the use of dexmedetomidine and prevention of delirium and 
other clinical outcomes.

 HMG-CoA Reductase Inhibitors

A recent systematic review and meta-analysis of six studies comprised of ICU and 
cardiac surgery patients (n = 289,773) found no significant difference in risk for 
delirium between patients who did and did not take statins prior to hospitalization 
[19]. However, in a prospective cohort study of 763 medical and surgical ICU 
patients, the initiation of statins during ICU stay, while controlling for prehospital 
statin use, was found to significantly reduce the odds of delirium [31]. Further, 
although prehospital statin use was not associated with delirium in this cohort, the 
longer a prehospital statin user’s statin medication was held in the ICU, the higher 
their odds of delirium. The presence of sepsis and stage of ICU stay were significant 
moderators of these relationships.

 Ketamine

In a recent multicenter, double-blind, randomized control trial (RCT), 672 patients 
undergoing major surgery were given preoperative ketamine at varying doses, or a 
placebo. Rates of postoperative delirium did not differ across groups, but patients 
who received ketamine were more likely to experience hallucinations and night-
mares [20], suggesting that the use of ketamine is contraindicated.

L. B. Kalvas et al.
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 Multicomponent Delirium Prevention Strategies

 ABCDEF Bundle

The ABCDEF bundle [32–39] (Fig. 13.1) is a group of interprofessional, evidence- 
based interventions designed to limit the profound physical, cognitive, and/or men-
tal health impairments associated with an ICU admission [40]. The bundle targets 
many modifiable risk factors for delirium and has been shown to limit the develop-
ment and duration of delirium, duration of mechanical ventilation, and hospital 
mortality even when delivered incompletely (Table 13.1) [39, 41, 42]. Implementation 
of the ABCDEF bundle in 150 ICU patients resulted in an increase of 3 additional 
days spent breathing without mechanical ventilation and a decrease in the incidence 
of delirium by nearly half compared to the pre-implementation sample [42]. Another 
study including more than 6000 ICU patients demonstrated that each 10% increase 
in the dose of the ABCDEF bundle was associated with a statistically significant 
increase in both hospital survival and days free of delirium and coma [39]. Large- 
scale implementation of the ABCDEF bundle in 68 ICUs (n  =  15,226 patients) 
demonstrated that the greater the proportion of ABCDEF bundle components a 
patient received per day, the better their clinical outcomes, including a higher likeli-
hood of discharge and a lower likelihood of mortality, next-day mechanical ventila-
tion, coma, delirium, or physical restraint [41, 43]. The multicomponent interventions 
that comprise the bundle are summarized below.

 Assess, Prevent, and Manage Pain

Pain is defined as “an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such damage”[44] (p475). 
It is not surprising that many ICU patients experience pain, both at rest and during 
procedures [45, 46]. Self-report is considered the gold standard for pain measure-
ment, with pain being whatever the patient says it is, occurring wherever the patient 
says it does [47]. However, critically ill and mechanically ventilated patients are 
often unable to self-report; therefore the Behavioral Pain Scale (BPS) [48] and 
Critical-Care Pain Observation Tool (CPOT) [49] are considered valid and reliable 
alternatives. Health-care providers should not use vital sign alone to determine pain 
in non-communicative patients but rather use the BPS and CPOT in conjunction 
with these biological parameters [1].

In contrast to the common practice of initiating both an analgesic and sedation 
simultaneously at the time of intubation, the PADIS guidelines recommend routine 
pain assessment using a validated tool and protocol-driven management that allows 
for the assessment of the effectiveness of analgesia for pain relief, comfort, and 
sedation before adding a sedative agent [1]. This is referred to as the “pain-first 
approach.” The use of pain management protocols has been found to decrease the 
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use of analgesics and sedatives, reduce ICU LOS, and reduce time spent on 
 mechanical ventilation [1, 48, 50]. Additional evidence suggests that untreated pain 
disrupts sleep quality and prevents early mobility in ICU patients [51, 52], both fac-
tors that can influence delirium risk.

Table 13.1 ABCDEF implementation studies

Study Balas et al. 2014 [42]
Barnes-Daly et al. 2016 
[39] Pun et al. 2019 [41]

Sample n 296 6064 15,226
Setting 5 ICUs 7 hospitals 68 ICUs

1 step-down unit Medical and surgical 
ICUs1 hematology/oncology unit

Intervention Awakening and breathing 
coordination

Assess, prevent, and 
manage pain

Assess, prevent, and 
manage pain

Delirium monitoring/
management

Both SAT and SBT Both SAT and SBT

Early exercise/mobility Choice of sedation/
analgesia

Choice of sedation/
analgesia

Delirium monitoring/
management

Delirium monitoring/
management

Early mobility/exercise Early mobility/exercise
Family engagement/
empowerment

Family engagement/
empowerment

Outcomes
 SAT/SBT

89.1% Total compliance
 Next-day mechanical 

ventilation
 Ventilator-free days

95.2% partial compliance

 ICU mobilization Delirium and 
coma-free days

 Next-day physical 
restraint

 Delirium incidence  Hospital mortality  Next-day coma

 Hospital mortality  Next-day delirium

 Pain

 ICU readmission

 Hospital mortality

 ICU and hospital 
discharge

 Discharge to facility

Green arrow = good outcome. Red arrow = bad outcome
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 Both SATs and SBTs

A spontaneous awakening trial (SAT) is a period of time each day during which all 
sedatives and opioids are discontinued and patients are allowed to wake up sponta-
neously to achieve a lighter level of arousal. Depending on patient response, seda-
tives and narcotics may remain off, or if needed, be restarted at a reduced rate (i.e., 
half of the original dose) and titrated as needed. When delivering the ABCDEF 
bundle, the interprofessional ICU team schedules the SAT at a time that precedes 
the performance of a spontaneous breathing trial (SBT). This coordinated practice, 
commonly called “Wake Up and Breathe,” has been found to increase the number 
of days ICU patients spend breathing without assistance, decrease sedation use and 
coma duration, shorten ICU and hospital LOS, and decrease 1-year mortality rates 
[5, 53]. When performed in conjunction with other bundle components, SAT and 
SBT can help decrease delirium incidence and duration [39, 42].

 Choice of Analgesia and Sedation

Maintaining a light level of sedation is recommended for all critically ill, mechani-
cally ventilated patients unless (in rare situations) deep sedation is clinically indi-
cated. Light sedation is associated with shorter time to extubation and a reduced 
tracheostomy rate and has not been found to increase rates of self-extubation [1, 6].

Imperative to the effective administration and titration of sedatives is the use of a 
validated assessment tool as well as an evidence-informed, provider-ordered, seda-
tion target. Both the Sedation Agitation Scale (SAS) [54] and the Richmond Agitation 
and Sedation Scale (RASS) [55, 56] are recommended by the PADIS guidelines as 
valid and reliable tools for the assessment of patients’ level of arousal. The correct 
use of these assessment tools requires targeted nursing education and ongoing audits 
to ensure that values are valid and used appropriately for analgesia and sedative titra-
tion. The sedation order should reflect a target for patient responsiveness that is as 
light as possible with consideration for the patient’s clinical condition. The order 
should clearly direct sedation assessment after analgesia is administered, with the 
addition of a sedative agent only if the sedation target is not achieved.

The PADIS guidelines recommend the use of propofol or dexmedetomidine over 
benzodiazepines as both dexmedetomidine and propofol have shown decreased 
time required to lighten sedation as compared to benzodiazepine (i.e., midazolam, 
lorazepam) alternatives [1]. Despite conflicting evidence concerning the relation-
ship between dexmedetomidine and delirium [24, 29, 30, 57], the use of light seda-
tion with dexmedetomidine or propofol is thought to improve ICU patient outcomes 
such as time to extubation, which may in turn decrease the risk for delirium. 
Supporting this proposed relationship, a recent study of 703 patients across 42 ICUs 
found that increased depth of sedation in the first 48 h of mechanical ventilation 
predicted risk for prolonged intubation, delirium, and death [6]. However, the use of 
dexmedetomidine as the primary sedative agent in an RCT of 3904 ICU patients 
demonstrated no difference in 90-day mortality compared to those who received 
usual care, though patients receiving dexmedetomidine had more days alive and 
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free of delirium and coma [58, 59]. Further studies are needed to understand the 
relationship between sedation with dexmedetomidine and clinical outcomes.

 Delirium: Assess, Prevent, and Manage

Delirium screening with the Confusion Assessment Method for the ICU (CAM- 
ICU) [60, 61] or the Intensive Care Delirium Screening Checklist (ICDSC) [62] 
should be regularly performed [1]. Studies evaluating the benefit of delirium screen-
ing have had mixed results, with some finding no difference in time to diagnosis, 
ICU LOS, or duration of mechanical ventilation [63, 64], while others have found 
decreased antipsychotic use and decreased incidence and duration of delirium [65, 
66]. Nevertheless, routine screening is recommended, as nurses and physicians 
often fail to recognize and diagnose delirium [66–70]. For more information related 
to the assessment and management of delirium, please refer to Chaps. 3 and 16.

 Early Mobility and Exercise

Early mobility programs in the ICU can lead to decreased incidence and duration of 
delirium, mechanical ventilation, and ICU LOS, as well as improved functional 
outcomes at discharge [42, 71–73]. Studies are underway to determine what role 
mobility plays in long-term cognitive and functional outcomes of ICU patients [74]. 
Patients who experience delirium or receive opioid boluses or continuous sedation 
are less likely to participate in physical therapy [51]. Therefore, coordination of 
other bundle components such as SAT, SBT, and pain management is necessary for 
successful mobilization.

Providers are often hesitant to mobilize critically ill intubated patients due to 
safety concerns; however, as noted in the PADIS guidelines, across 12,200 physical 
therapy sessions reported in 13 studies, only 15 adverse events were reported [1]. 
These events included desaturations, unplanned extubation, and musculoskeletal 
injuries. Useful guidelines for when to initiate and terminate physical rehabilitation 
are provided in the PADIS guidelines. In patients for whom out-of-bed mobility is 
contraindicated, the use of in-bed cycling equipment is emerging as an alternative 
that can improve functional outcomes and reduce delirium incidence [75, 76].

 Family Engagement and Empowerment

Family involvement in the care of their critically ill loved one is important. Increased 
family visitation is associated with decreased cardiovascular complications, mortal-
ity, and anxiety scores [77] as well as decreased duration of delirium, coma, and 
ICU LOS [78]. A recent pilot RCT of 30 ICU patients found that patients who 
received daily recorded orientation messages from a family member had more 
delirium- free days than those receiving automated orientation messages and signifi-
cantly more delirium-free days than controls receiving usual care [79]. Family 
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members can also benefit from involvement in delirium prevention, as witnessing 
unfamiliar behavior in a loved one can be psychologically distressing [80].

Doctors, nurses, and family members agree that family involvement in preventa-
tive delirium care in the ICU is important; however, communication among these 
groups can be difficult. Family members highlight the need for better delirium edu-
cation from providers, and clinicians recognize the need to improve the accuracy 
and consistency of their communication [81, 82]. Clear and reliable communication 
with family members regarding delirium and its prevention can empower families 
to become active participants in bundled care.

 Sleep Promotion

After discharge, ICU patients frequently identify sleep deprivation as one of the 
most distressing elements of their stay [83], and both objective and subjective mea-
sures have shown that ICU patients experience sleep fragmentation [84–86]. Patients 
cite many reasons for the poor quality of their sleep including pain, dyspnea, anxi-
ety, noise, light, and nursing care [1, 87]. Associations have been found between 
decreased rapid eye movement sleep and delirium [88], as well as between high 
levels of patient reported subjective sleep quality and decreased delirium incidence 
[89]. Disruptions of circadian rhythms are frequently reported in delirious patients, 
and sleep deprivation is considered a likely precipitating factor for delirium [11, 52, 
90]. The PADIS guidelines recommend the use of a multicomponent sleep promo-
tion bundle to aid in the prevention of delirium [1].

 Multicomponent Sleep Promotion Bundles

Sleep promotion protocols typically include interventions to decrease light and 
noise levels, as well as the clustering of nocturnal care, frequent orientation, and 
utilization of the ABCDEF bundle. A recent study of 421 ICU patients found that 
the reduction of nocturnal noise levels significantly reduced delirium incidence 
[91], while a systematic review and meta-analysis of five studies comprising 832 
ICU patients found that earplug placement at night was associated with a decreased 
risk for delirium [92]. Studies of sleep promotion bundle implementation have 
found statistically significant reductions in the incidence and duration of delirium 
[86, 93–95], as well as decreased duration of mechanical ventilation and LOS [94].

 Melatonin

Disruptions of the circadian levels of melatonin have been identified in delirious 
patients, indicating the possibility that supplementation may decrease the risk of 
delirium [93, 96, 97]. However, while one recent study of 500 postoperative cardiac 
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surgery patients found a reduction in delirium incidence with prophylactic melato-
nin [98], a meta-analysis of 4 RCTs comprising 669 elderly patients found no sig-
nificant difference in delirium incidence between those who received melatonin and 
those who received placebo [99]. Due to this conflicting evidence, the PADIS 
guidelines give no recommendation regarding the use of melatonin [1]. Multiple 
current studies are further investigating the effects of melatonin on delirium 
[100–102].

 Light Application Therapy

To date, three studies have investigated the use of light therapy in critically ill 
patients to induce normal circadian rhythm; however, none have found a significant 
decrease in the incidence, duration, or severity of delirium [103–105]. The PADIS 
guidelines [1] do not recommend the use of bright light therapy due to limited evi-
dence of utility and potential patient aversion [103].

 Challenges to Delirium Prevention

While studies of the ABCDEF bundle suggest it is safe and effective, adoption of 
this intervention into everyday care on a wide scale basis remains limited. A recent 
international survey of 1521 ICU clinicians identified multiple barriers to bundle 
implementation [16]. Thirty percent of those surveyed worked in settings that did 
not monitor for delirium, and 58% had no specific screening tool. Additionally, 
while most clinicians endorsed the importance of early mobility (82%), few seemed 
to have the necessary resources; 69% had no dedicated mobility team. Only 35% of 
clinicians worked on units that had open visitation policies. Just over half of the 
clinicians in this sample reported use of either the 2013 Clinical Practice Guidelines 
for the Management of Pain, Agitation, and Delirium [106] (56.2%) or the ABCDEF 
bundle (56.6%). Two thirds of the sample reported use of bundle components for 
pain (62%), sedation (65%), SAT (66%), or SBT (67%).

Facilitators of bundle implementation include the presence of a preexisting orga-
nizational and ICU-based culture of patient safety and quality improvement, inter-
disciplinary collaboration, the use of multiple implementation strategies and 
educational methods, EMR optimization for documentation and prompts, engage-
ment of key leaders, and consideration for both individual and organizational change 
[107–110]. Common barriers include staff and provider knowledge deficit or 
unwillingness to adopt evidence-based practice, workload burden or a perceived 
lack of resources, excessive turnover of the project implementation team and/or 
ICU leadership, and the use of registry staff who may lack training or engagement 
[107, 109, 111]. Without adequate recognition of delirium, or the resources and 
policies to prevent it, delirium will continue to be a major contributor to poor ICU 
outcomes.
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 Conclusion

Pharmacological efforts to mitigate delirium have not been successful. However, 
interventions that aim to maintain clinical parameters within normal limits, avoid 
patient exposure to benzodiazepines, deep sedation, prolonged mechanical ventila-
tion, and excessive light and noise while increasing time spent out of bed and with 
family has the potential to decrease the incidence of delirium. Implementation of 
these measures is important for all ICU patients, but especially those most at risk for 
delirium (i.e., older patients with dementia receiving benzodiazepines who have a 
high severity of illness). Utilization of the ABCDEF bundle requires interdisciplin-
ary collaboration and adequate resources and must address key barriers (i.e., staff 
knowledge deficits, patient safety concerns, out-of-date practice patterns) with mul-
tifaceted educational strategies, support from key leaders, and a focus on organiza-
tional change.
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Key Concepts
 1. The lack of evidence for treatment of delirium, outside of critically ill pop-

ulations, limits the ability to make recommendations in other populations 
or care environments.

 2. Non-pharmacologic approaches are the only universally recommended 
treatment for delirium.

 3. Pharmacologic treatment options have not yet provided sufficient evidence 
to be recommended in any population or care environment.

 4. Reducing potential harm through deprescribing or medication-sparing 
principles is reasonable.
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 Introduction

The last 30 years of delirium research has informed many aspects of delirium treat-
ment; nevertheless this field is currently described more by the gaps in knowledge 
than by the evidence supporting current recommendations. Most of the literature 
describing delirium treatment has been derived from heterogeneous populations of 
critically ill adults, with little or no high-quality research to make recommendations 
on potential treatments in disparate populations. While the critically ill population 
represents the majority of participants included in delirium treatment trials, other 
populations at high risk of delirium such as older adults with and without dementia, 
those in post-acute care facilities, children, and populations at the end of life have 
been poorly studied and as such have little or no evidence for which to make clinical 
recommendations. Similarly, current literature fails to evaluate a diverse battery of 
treatment approaches (non-pharmacologic and pharmacologic) and clinically rele-
vant delirium-associated outcomes.

The underlying heterogeneity in the etio-pathology of delirium creates a chal-
lenge to develop uniform therapeutic interventions efficacious for diverse patient 
populations. Additionally, the very same heterogeneity afforded by the myriad of 
etiologies and clinical phenotypes may lead to differential delirium duration and 
severity, relationship with mortality, and long-term cognitive and psychological 
sequelae. As such, the heterogeneity of delirium pathology may require a similar 
degree of heterogeneity in treatment approaches. Taking into consideration the 
advancements in understanding delirium pathophysiology and focusing on desir-
able treatment outcomes of delirium duration, severity, downstream mortality, and 
delirium-associated cognitive impairment, therapeutic interventions are likely to 
require personalization in both their design and delivery.

In this chapter, we will discuss the current pharmacologic and non- pharmacologic 
treatment strategies for delirium management focusing on patient populations and treat-
ment approaches that have been studied to date. Because much of the evidence pub-
lished to date reflects trials conducted in critically ill or surgical populations, 
recommendations cited herein should be applied only to those populations in which 
trials were conducted. While in this chapter we review the current literature and where 
it applies, we also note that the absence of particular treatment approaches reflects the 
absence of investigation as delirium treatments. For example, melatonin and ketamine 
have been studied in the prevention of delirium, but there is no study evaluating the treat-
ment of delirium, and as such are not discussed in this chapter. Therefore, recommenda-
tions made in this chapter intend to highlight available research with applications for 
clinical practice and appreciate the existing gaps in delirium treatment.

 Non-pharmacologic Approaches to Delirium Treatment

Non-pharmacologic approaches to delirium treatment borrow from delirium pre-
vention literature in both hospitalized and critical care populations and address risk 
factors for delirium common across different patient populations. The approaches 
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include orientation strategies, supporting and normalizing sleep/wake cycles, and 
mobility and sensory (visual and auditory) support [1–6]. Studies utilizing non- 
pharmacologic strategies for delirium prevention have identified variable results, 
with some showing as much as a 50% reduction in delirium incidence [1, 4–6], 
while others show no difference [2, 3]. In a study by Inouye and colleagues, although 
the severity and recurrence rates of delirium were not different between intervention 
and usual care, there was a significant reduction in the total number of hospital days 
with delirium (105 vs. 161 days, p = 0.02). Among critically ill subjects, a combina-
tion of aggressive early physical and occupational therapy provided to patients 
receiving daily awakening protocols with reduced sedation exposure resulted in a 
50% decrease in delirium duration (2 days versus 4 days, p = 0.03) [7].

Recently, attention has been focused on the ABCDE bundle (awakening and 
breathing coordination, delirium monitoring/management, and early exercise and 
mobility) among critically ill patients. The ABCDE bundle is a promising non- 
pharmacologic approach to decrease delirium burden in the ICU setting pulling 
together components that make intuitive sense to reduce delirium burden [8–11]. 
Implementation of the bundle in the ICU was found to be significantly associated 
with a lower incidence of delirium (49% vs. 62%, OR 0.55; 95% CI 0.33–0.93) in a 
before-after study [12]. A newer expanded version of the bundle, the ABCDEF bun-
dle (with “A” modified to assess and manage pain and “F” for family engagement), 
was evaluated in a larger, multicenter, before-after, cohort study. Improvements in 
bundle compliance were significantly associated with reduced mortality and more 
ICU days without coma or delirium [13]. A recent pre-/post-implementation project 
showed that complete ABCDEF bundle implementation could decrease odds of 
delirium the next day (AOR 0.60, 95% CI 0.49–0.72). However, complete bundle 
performance was limited; only 8% of all ICU days reached full adherence, reflect-
ing the challenges of multicomponent interventions in the ICU [14].

Based on the current literature on non-pharmacological treatment of delirium in 
the ICU setting, the Society of Critical Care Medicine (SCCM) and 2018 Clinical 
Practice Guidelines for the Prevention and Management of Pain, Agitation/Sedation, 
Delirium, Immobility, and Sleep Disruption (PADIS) guidelines suggest use of mul-
ticomponent non-pharmacologic interventions such as the ABCDEF bundle for 
delirium management although acknowledging the low quality of evidence [15]. 
Similarly, the American Geriatrics Society’s Clinical Practice Guideline for 
Postoperative Delirium in Older Adults (published in 2015) recommends that 
healthcare professionals “consider” multicomponent interventions in older adults 
diagnosed with postoperative delirium (based on a weak level of evidence available 
at the time) [16].

 Value of Future Research: Non-pharmacologic Approaches

While non-pharmacologic interventions for delirium treatment are suggested, key 
elements of multicomponent interventions are still needed from rigorous clinical 
trials to improve application and implementation of such interventions. First, 
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developing consistent definitions and protocols for each element of multicomponent 
intervention would improve rigor in both comparing results of clinical trials and 
implementing in clinical practice. Second, understanding which element(s) of mul-
ticomponent interventions contribute to the improvements in clinical outcomes 
could improve efficiency of work force efforts and perhaps improve understanding 
of mechanisms of disease. Lastly, understanding if and how families can support 
non-pharmacologic strategies during episodes of delirium would also improve 
adherence to delirium prevention and treatment strategies.

 Pharmacologic Approaches to Delirium Treatment

Although a number of theories exist that explain potential etiologies of delirium 
[17, 18], the neurotransmitter imbalance hypothesis serves as the primary justifica-
tion for pharmacologic treatments evaluated to date. Neurotransmitter imbalances 
may be derived from a number of sources, including hypoxemia, inflammation, 
endocrine disturbances, and concomitant medications. The neurotransmitter hypoth-
esis initially developed as an explanation for presumed cholinergic deficiency states 
[19–23] and subsequently expanded to include a state of heightened dopaminergic 
transmission [24, 25]. In addition to acetylcholine deficiency and dopaminergic 
excess, the most commonly described neurotransmitter imbalances associated with 
delirium include norepinephrine and glutamate pathways. Additionally, decreases 
or increases in serotonin, histamine, and gamma-aminobutyric acid (GABA) may 
also contribute to neurotransmitter imbalances depending on the population and 
comorbid medical factors.

In some cases, neurotransmitter imbalances can be aligned with symptom pre-
sentations, with cholinergic deficiency explaining symptoms of inattention and 
dopaminergic imbalance explaining hyperactive states and hallucinations. 
Dopaminergic effects may be a result of direct dopaminergic activity or by potenti-
ating excitotoxic effects of glutamate [24, 26]. While these theories provide a frame-
work through which to justify treatments, clinical trials have failed to provide a 
valid treatment effect to date. Potential explanations for treatment failures must 
include flawed hypotheses; however it is important to note again that the available 
evidence is drawn from critically ill populations, with heterogeneity in cause of ill-
ness and pathophysiologic disease processes. Therefore, recommendations for or 
against treatment must be made based on results of existing clinical trials and the 
populations in which they were conducted. Whether unique populations within 
those trials could benefit from a treatment, or different treatment approaches result 
in benefit in future trials, remains to be determined. As such, recommendations 
made by available clinical guidelines [16, 27] state clearly the intent to apply the 
guidelines only to those patients for which data are included (i.e., guidelines for 
delirium treatment in all critically ill patients published by the Society of Critical 
Care Medicine).
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 Failed Pharmacologic Approaches to Delirium Treatment

 Antipsychotics

As antagonists at dopaminergic receptors, both typical and atypical antipsychotics 
have been evaluated as treatments of delirium in critically ill, surgical, and palliative 
populations [28–33]. While typical (first-generation) antipsychotics are primarily 
used to reduce hyperactive neurotransmission at dopaminergic receptors (though 
have lesser affinity for other receptors at higher doses), atypical (second-generation) 
antipsychotics have a more diverse profile of activity that includes dopaminergic 
receptors as well as serotonin, histamine, and muscarinic receptors.

Despite evidence from delirium prevention trials suggesting that atypical anti-
psychotics may prevent delirium in surgical populations, neither typical nor atypical 
antipsychotics have consistently improved delirium or other clinical outcomes as a 
treatment approach in critically ill or palliative populations. Five randomized con-
trolled trials have compared either typical or atypical antipsychotics to placebo, and 
one randomized trial compared a typical antipsychotic as part of a multicomponent 
pharmacologic intervention with usual care (see Table 14.1). One trial comparing 
haloperidol to placebo did not show any reduction in the duration of delirium, dura-
tion of mechanical ventilation, length of stay in the ICU, or mortality [31]. While 
one small pilot study comparing quetiapine to placebo did reduce duration of delir-
ium [34], findings from the analysis have been debated [35], and a second pilot trial 
of quetiapine failed to show differences in delirium severity compared with placebo 
in hospitalized older adults [36]. Additionally, two larger trials comparing the atypi-
cal antipsychotic ziprasidone with haloperidol and placebo also failed to show a 
difference in the duration of delirium and other important outcomes [28, 29].

Addressing the multicomponent neurotransmitter abnormalities hypothesized to 
contribute to delirium, Khan and colleagues attempted a multicomponent pharma-
cological intervention including low-dose haloperidol, along with deprescribing 
interventions for benzodiazepines and anticholinergic medications in critically ill 
adults admitted to a mixed medical and surgical ICU. While this trial again found 
no differences in duration of delirium, it was unique in its assessment of delirium 
severity and found a small but statistically significant improvement in the interven-
tion group. The impact of this finding on delirium severity and reproducibility from 
other trials is not yet known. As such, guidelines from both the Society for Critical 
Care Medicine [27] and the American Geriatrics Society [16] recommend against 
the routine use of antipsychotics in the treatment of delirium in all critically ill 
adults and postoperative older adults.

Although the randomized trials evaluating antipsychotics in the treatment of 
delirium were conducted in both medical and surgical patients who were critically 
ill, each used open-label antipsychotic rescue medication for agitation or hallucina-
tions. Administration of open-label medication particularly in the placebo group 
may bias the results toward the null hypothesis. Fortunately, and as a result of gener-
ally lower doses and short duration of use, tolerability assessments from delirium 
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treatment trials have not found significant increases in adverse effects, namely, 
movement-related disorders such as extrapyramidal symptoms and cardiac arrhyth-
mias including QTc prolongation. However, given a lack of benefits in delirium or 
other clinical outcomes, recommendations to avoid use of antipsychotics in the 
treatment of delirium are intended to prevent potential adverse events including risk 
of prolonged use after discharge from the ICU or hospital.

 Antipsychotics in the Management of Agitation  
(Symptoms of Hyperactive Delirium)

While current guidelines recommend against routine use of antipsychotics in the 
treatment of delirium, some patients experience distressing thoughts, symptoms, or 
behaviors as a result of delirium. These may include anxiety, hallucinations, delu-
sions, and agitation. As a result, delirious patients may become physically harmful 
to themselves or others. Such patients may benefit from short-term use of 

Table 14.1 RCTs comparing antipsychotics with placebo or usual care in the treatment of delirium

Author/
title Population Intervention

Delirium 
outcome Secondary outcomes

Girard 
et al. 
MIND 
[28]

Mixed medical 
and surgical 
ICU, n = 102

Adjusted-dose 
haloperidol vs. 
ziprasidone vs. 
placebo up to 14 days

No difference in 
delirium 
duration

No difference in 
ventilator-free days, 
LOS, or mortality

Page 
et al. 
HOPE- 
ICU [31]

Mechanically 
ventilated ICU, 
n-141

Fixed-dose 
haloperidol vs. 
placebo up to 14 days

No difference in 
delirium 
duration

No difference in 
ventilator-free days, 
LOS, or mortality

Devlin 
et al. [34]

Mixed medical 
and surgical 
ICU, n = 36

Adjusted-dose 
quetiapine vs. placebo 
up to 10 days

Shorter duration 
of delirium in 
quetiapine 
group (36 h vs. 
120 h; 
p = 0.006)

Shorter time to delirium 
resolution, less agitation. 
No difference in ICU 
LOS or mortality

Girard 
et al. 
MIND- 
USA [29]

Mixed medical 
and surgical 
ICU, N = 566

Adjusted-dose 
haloperidol vs. 
ziprasidone vs. 
placebo up to 14 days

No difference in 
coma-free days 
alive without 
delirium

No differences in 
duration of mechanical 
ventilation, length of 
stay, or mortality

Khan 
et al. 
PMD 
[32]

Mixed medical 
and surgical 
ICU, N = 350

Fixed-dose 
haloperidol, 
deprescribing of 
benzodiazepines and 
anticholinergics

No difference in 
coma-free days 
alive without 
delirium

Intervention group had a 
small but statistically 
significant reduction in 
delirium severity; no 
differences in LOS or 
mortality

Agar 
et al. [30]

Inpatient 
hospice or 
palliative care 
N = 247

Adjusted-dose 
risperidone vs. 
haloperidol vs. 
placebo

Higher delirium 
symptoms in 
treatment arms

More extrapyramidal 
symptoms and higher 
rate of mortality in both 
active treatment groups
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haloperidol or an atypical antipsychotic until these distressing symptoms resolve. 
When using pharmacologic agents to manage behaviors, the following strategies are 
recommended based on expert opinion:

 1. Initiate at lowest dose possible and titrate as needed.
 2. Evaluate efficacy and tolerability continuously, allowing appropriate time for 

clinical effect based on pharmacokinetic principles and onset of effect.
 3. Avoid unnecessary continuation by setting stop date parameters (48-h symptom- 

free, discharge from acute care, discharge from hospital) to avoid inappropriate 
continuation.

As many as 30% of patients in whom an antipsychotic for delirium is initiated in 
the ICU are at risk of continuing these medications unnecessarily after discharge 
[37–40]. Continued exposure to antipsychotic medications after discharge from the 
ICU or hospital can result in significant morbidity and financial cost. Additionally, 
recommendations from the American Geriatrics Society regarding the management 
of agitation in postoperative older adults include the avoidance of benzodiazepines 
[16]. The AGS guideline states practitioners may use antipsychotics at the lowest 
effective dose for the shortest possible duration to treat patients who are severely 
agitated or distressed and are threatening substantial harm to themselves and/or oth-
ers. In all cases, treatment with antipsychotics should be employed only if behav-
ioral interventions have failed or are not possible, and ongoing use should be 
evaluated daily with in-person examination of patients.

 Acetylcholinesterase Inhibitors

Responding to the well-recognized cholinergic deficiency theory, cholinesterase 
inhibitors have been tested in the treatment of delirium in both ICU and hospitalized 
older adult populations. While two pilot trials identified no differences in the sever-
ity or duration of delirium (total sample size of both pilots was 31 participants) [41, 
42], two larger randomized, placebo-controlled trials of acetylcholinesterase inhibi-
tors failed to show improvements in delirium outcomes [43, 44]. In fact, one study 
of adults admitted to the ICU was stopped after only 35% of the planned population 
was recruited due to longer duration of delirium and higher mortality rates in those 
randomized to the intervention group [44]. As a result, the American Geriatrics 
Society [16] recommends against using acetylcholinesterase inhibitors in the treat-
ment of delirium in postoperative older adults, and this recommendation is gener-
ally accepted among other populations as well.

 Statins

Statins, in addition to decreasing cholesterol synthesis, have complex pleiotropic 
effects [9]. These pleiotropic effects might prevent or attenuate delirium in critical 
illness by acting on causative mechanisms including neuroinflammation, 
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blood-brain barrier injury, neuronal apoptosis, ischemia, hemorrhage, and microglia 
activation [45–47]. Despite evidence from two observational studies suggesting 
statin users were less likely to experience delirium in the ICU [48, 49], two random-
ized trials of critically ill adults failed to show improvements in delirium outcomes 
including incidence and duration of delirium [50, 51]. As such, the SCCM guide-
lines [27] recommend against the routine use of statins as a treatment of delirium, 
though note that the quality of evidence supporting this recommendation was low.

 Unclear Role of Pharmacologic Approaches in Delirium 
Treatment

 Dexmedetomidine

Dexmedetomidine is an alpha-2 receptor agonist with sedative and analgesic prop-
erties used as an adjuvant for general surgery and as a sedative in mechanically 
ventilated populations. Only one randomized trial has evaluated dexmedetomidine 
as a treatment for delirium particularly in mechanically ventilated adults in whom 
agitation precludes extubation. This study fell short of its planned sample size due 
to financial limitations despite screening over 21,000 intubated patients from 15 
ICUs [52]. Compared with placebo, the dexmedetomidine group experienced a 
small but statistically significant increase in ventilator-free hours in the first 7 days 
after study randomization (17.3 h.; 95% CI, 4.0–33.2) and reduction in delirium 
duration (24 h; 95% CI 6–41 h); however dexmedetomidine did not influence ICU 
or hospital LOS, or disposition location at hospital discharge [52]. As with studies 
of other pharmacologic interventions, patients were allowed to receive open-label 
dexmedetomidine 48 h after randomization and were also allowed to receive anti-
psychotics to manage agitation, which may have contaminated the comparator 
groups, biasing results toward the null hypothesis. Given this single study, the 
SCCM guideline [27] recommends (based on a low quality of overall evidence) the 
use of dexmedetomidine in the specific population of mechanically ventilated adults 
where agitation is precluding weaning/extubation. Whether dexmedetomidine can 
be used to reduce delirium and other clinically relevant outcomes in patients with 
delirium but not agitation or in those with delirium and agitation who are not 
mechanically ventilated has yet to be determined.

Table 14.2 summarizes the applicable guidelines in the acute care of patients at 
risk of or with delirium. These guidelines represent recommendations generated 
from expert consensus panels that take into account the quality of evidence as well 
as the application to routine use of pharmacologic options in all patients. As noted 
elsewhere in this chapter, these recommendations cite a low quality of evidence, 
largely driven by the heterogeneity of populations included in clinical trials and 
delivery of various pharmacologic interventions and protocols.
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 Pharmacologic Risk Factor Reduction in Delirium Prevention 
and Treatment

Medications including benzodiazepines and anticholinergics may be risk factors for 
delirium and should be discontinued or used sparingly in those with or at risk of 
delirium. Benzodiazepines are well-recognized to increase the risk of delirium [53–
55], while anticholinergics have been associated with cholinergic deficiency delir-
ium in several studies [20]. Deprescribing strategies in those at risk of delirium have 
not been well developed or studied in ICU populations; available literature includes 
two studies unable to significantly reduce exposure to benzodiazepines and anticho-
linergics compared to usual care [32, 33]. Recommendations against the new use of 
benzodiazepines and anticholinergics in those with delirium are included in both 
SCCM and AGS guidelines; however no evidence is available to weigh the risks and 
benefits of deprescribing benzodiazepines or anticholinergics among prevalent 
users with delirium in any care environment [16, 27].

Despite rigorous evidence that deprescribing classes of medications with adverse 
cognitive effects improves outcomes in those with delirium, collaboration with 
transdisciplinary practitioners in the execution of risk factor reduction can improve 
efficiency of such interventions; however the optimal approach has not been evalu-
ated with rigorous scientific or implementation approaches.

 Value in Future Research: Pharmacologic Approaches

Despite failures of current delirium treatment approaches to improve clinical out-
comes, many valuable lessons have been learned that will guide next steps toward 
treatment of delirium. Guidelines qualify current recommendations largely with 
low or low-to-moderate quality of evidence given the heterogeneity in delirium eti-
ology and monotherapy approaches attempted. The next phase of research in delir-
ium treatments is challenged with both reducing the heterogeneity in trial participants 

Table 14.2 Summary of guideline recommendations regarding pharmacologic treatment of 
delirium in ICU or postoperative populations

SCCM (2013, 2018) 
critically ill adults [15, 27]

AGS (2015) postoperative older 
adults [16]

Antipsychotics Recommended against use Recommended against use
First- or second-generation

HMG-CoA reductase inhibitors Recommended against use Not evaluated
Statins

Acetylcholinesterase inhibitors Not evaluated Recommend against use
Dexmedetomidine Unable to make 

recommendation
Not evaluated

AGS American Geriatrics Society, SCCM Society of Critical Care Medicine
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and diversifying approaches tested with a personalized treatment regimen. Further 
work with promising agents including melatonin, ketamine, valproic acid, and dex-
medetomidine is also warranted. Of particular importance to any pharmacologic 
intervention found effective (and safe) in delirium treatment trials are appropriate 
system approaches to prevent harm from such treatments, which include study into 
the appropriate duration and cessation of treatment to prevent unnecessary and pro-
longed exposure.

Additional considerations to optimally defining and measuring the outcomes 
important in guiding research and clinical practice in the treatment of delirium are 
important in order to reduce variability across settings and populations. Currently, 
there is no systematic approach to the selection and reporting of outcomes and their 
measures in these studies resulting in reporting of numerous and varied study out-
comes and measures. Rigorous consensus processes involving key stakeholders 
including patients and caregivers are ongoing and will develop standardized defini-
tions of core outcome sets to be used in multiple populations and care settings. 
Lastly, evaluation of a key outcome of extreme importance among those experienc-
ing delirium, long-term functional and cognitive impairment, has been grossly 
absent from delirium treatment trials. Whether delirium treatment may impact 
short-term outcomes may be equally as important as their influence on long- term 
outcomes among delirium survivors.

 Summary

It is important to emphasize, again, that gaps in existing knowledge of delirium 
treatment are prevalent and compromise the ability to make recommendations for or 
against delirium treatments in many care environments. As such, most recommen-
dations in available guidelines are made with low quality of evidence and may 
change as rigorous research becomes available. In critically ill and surgical popula-
tions, where delirium is perhaps most prevalent, existing evidence does not support 
the use of pharmacologic approaches to manage delirium. As noted in other chap-
ters of this text, the final common pathway of delirium pathogenesis, if one exists, 
is currently unclear and is possibly unique to a population or specific etiology. As 
such, it is unlikely that a one-size-fits-all treatment approach will be effective. The 
most important actions that clinicians must employ when treating delirium are the 
identification and correction of underlying causes, along with supportive non- 
pharmacologic care and management of emergent behaviors as needed. Future 
research will undoubtedly provide confirmatory evidence to current recommenda-
tions or improve clarity into which populations may receive short-term (acute delir-
ium outcomes) or delayed (reduced risk of chronic cognitive impairment or 
mortality) benefit from pharmacologic or non-pharmacologic treatments of 
delirium.
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Chapter 15
Building a Delirium Network

James L. Rudolph, Elizabeth Archambault, Marianne Shaughnessy, 
Malaz Boustani, and Karin J. Neufeld

The syndrome of delirium impacts all ages with severe consequences to morbidity 
and mortality [1, 2]. Yet, much remains unknown about prevention, management, 
and treatment. Limited understanding of this complex, heterogeneous, and hard-to- 
identify condition can lead to negativity and hopelessness regarding outcomes and 
can stunt the progress of both research and patient recovery. Patients, family mem-
bers, and healthcare providers must all be considered in the approach moving for-
ward. There is significant potential and promise in building a unified network to 
improve delirium outcomes and research discovery [3]. The purpose of this chapter 
is to provide tangible guidance for turning the negative emotions associated with 
delirium into a positive force, by building an informed and passionate network to 
improve delirium awareness, reduce negative outcomes, and one day eliminate the 
devastating impact of this syndrome.
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 Delirium Is an Emotional Experience for the Patient, 
the Family, and the Healthcare Professionals

Delirium is a medical emergency and therefore invokes heightened emotions. 
Whether the subtype is hypoactive, hyperactive, or mixed, the loved ones of those 
experiencing an episode of delirium witness the individual in an altered state. The 
individual is isolated within an inner world, despite having medical professionals 
and loved ones eager to help them by their side. Unfortunately, these care providers 
may be perceived as hostile threats, and the individual experiencing delirium is left 
not only feeling alone but also at grave risk. Both the medical providers and family 
members may feel helpless as their efforts to calm and comfort are met with resis-
tance and distrust.

 Isolation, Fear, and Helplessness

A case of unrecognized delirium was recently reviewed at the annual American 
Delirium Society (ADS) conference. The patient keenly remembered the disturbing 
cognitive experiences during the delirium. These experiences were not understood 
by family and staff, and the patient felt alone, afraid, and helpless to change the 
course of the disturbing experience.

The nurse had not received training to care for a patient with hyperactive delir-
ium who lashed out verbally and physically in fear and anger. The nurse requested 
support, but the delirium knowledge gap left her need unmet. This nurse was feeling 
alone, afraid, and helpless to alter the immediate threats to her safety as well as that 
of the patient.

In an instant, it seemed that everything had changed for the patient’s spouse. She 
feared for his physical health, but a new terror arose from the behavior of the sud-
denly unrecognizable individual to whom she had been married for 50 years. Her 
mind was flooded with questions of what was happening. Would he stay like this for 
the remainder of his life? How could she care for him if he stayed like this? She 
found the environment of the hospital, the multitude of treatments, and the medical 
language to be overwhelming. The wife felt alone, afraid, and helpless to care for 
her loved one.

The physician focused on the patient’s acute medical condition that resulted in 
the hospitalization. The delirium was an unwanted consequence of the illness. 
Without evidence or FDA approval of a medication for delirium, the best course of 
action was to treat the underlying illness. The patient’s cognitive condition seemed 
to be rapidly deteriorating. The nurse was requesting medications to decrease the 
agitation. The patient’s spouse was angry with the physician that more wasn’t being 
done, and the patient yelled obscenities at every opportunity. The physician felt 
alone, afraid, and helpless to alleviate the condition.
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 Delirium: One Common Goal

While these individuals seemed to be entirely at odds with one another, they share 
the same three emotions – isolation, fear, and helplessness. More significantly, they 
all shared the singular goal of improvement for the patient. Channeled into this goal 
for improvement, these emotions can fuel a motivational force to action. A network 
allows patients, caregivers, nurses, and physicians to share the common bond of the 
emotions of delirium (Fig. 15.1). Such a network becomes a powerful force for the 
reduction of both the short- and long-term negative consequences associated with 
this syndrome and broader dissemination of delirium awareness, knowledge, and 
best practices.

 Addressing the Emotional Experience of Delirium: Together

The first critical step toward improvement is to reduce the isolation associated with 
delirium. This applies to both the isolation that individuals currently impacted are 
experiencing and those who are unfamiliar with delirium. There remains a lack of 
awareness in both the professional and broader community about delirium and its 
consequences [4–6]. Bringing together people affected by delirium reduces the iso-
lation and allows the emotional experience of delirium to be shared. This mutual 
experience creates a comfort and bond, which is the essence of the network.

 Engaging Highly Motivated People with a Common Bond

Emotions such as fear can fester into anger, which can lead to the breakdown of 
relationships that are essential to patient-centered care. It is much more feasible to 
facilitate a network from a place of fear than one of anger which is divisive and 

Motivated
Network

Unifying Problem:
Delirium

Opportunities to
contribute

Improved morale
and relations

Better patients care
and outcomes

Shared emotions:
Isolation,

Fear, helplessness,

Common goal:
Improve patient

outcomes

Fig. 15.1 Precursors and potential results of building a delirium network
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alienating. A key strategy to preventing the progression of fear into anger is listen-
ing. Hospital environments typically do not lend themselves to extraneous time for 
nurses and physicians, but the time-consuming task of listening is critical. A sense 
that there is only one expert in the room impedes listening, if both the providers and 
the family members believe that those with medical training hold a monopoly on 
valuable information. The reality is that medical staff are experts on illness and care 
provision, but the loved one is an expert on the patient’s baseline, and the patient is 
the only expert on what they themselves are feeling. Everyone in the room needs to 
feel heard, seen, and valued.

A delirium network can leverage the emotions of those affected by delirium by 
creating an environment in which people who have a common experience listen to 
and understand one another [7]. If the network provides an outlet for the emotions, 
there is the opportunity for mutual benefit – energy focused on a constructive out-
come, which improves the gaps in delirium knowledge and care. For example, a 
delirium-focused organization might have an education committee that enables 
people impacted by delirium to address the knowledge gap by talking to profession-
als or the public.

 Matching People and Opportunity to Advance Delirium 
Knowledge and Care

While most people who encounter delirium are negatively impacted, their motiva-
tions and personal characteristics are individual. The opportunities to advance delir-
ium need to be consistent with this individuality. For example, a family member 
who observed delirium and doesn’t like public speaking is not going to go on a 
lecture circuit to speak about the experience of delirium. The person and the oppor-
tunity need to match.

In building a delirium network, focus should be on the overall mission, some 
leveraging of available resources, and a bit of luck. The development of Internet- 
based social networking platforms has brought about unprecedented opportunities 
to spread information and education at little cost. So, the family member above need 
not speak in public but could use social media to engage other stakeholders in the 
discussion.

As evidenced by the case study, strong and uncomfortable emotions are experi-
enced because of delirium. This presents an opportunity to positively channel those 
emotions by building a motivated network. In establishing a delirium network, care 
teams should engage in debate and have an honest exchange of ideas. Invitations 
within the medical center should be extended to key stakeholders impacted by delir-
ium including patient safety committees, falls prevention groups, and occupational 
safety representation. There may be a snowball effect as these individuals can sug-
gest others who will be important additions to the network. However, some unex-
pected allies may also surprise you. Once a network is initiated, there will be the 
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potential for ongoing growth. A strategy for keeping individuals engaged is to have 
a concrete measure of success and to celebrate efforts.

 Reconnecting

As the emotional bond of delirium is shared and effort is directed toward positive 
outlets, a critical component to sustainment of the network is reconnecting with the 
people who engaged [8]. This reconnection should be simple – expressing gratitude 
for being a part of the network, invitation to continue to engage, and opportunities 
for that engagement. The importance of this reconnection cannot be overstated; it is 
what creates a home for the emotion, effort, and enthusiasm. Put toward a common 
goal, such as delirium, the sustainability of the network is dependent on this 
reconnection.

 Examples of Delirium Networks

 Local Hospital

The Johns Hopkins Delirium Consortium bridges disciplines, departments, and 
multiple hospitals to increase the free exchange of ideas about delirium [9]. Brought 
together by their delirium experiences and institutional sponsorship of lunch, mul-
tiple disciplines come together and have developed clinical, education, and research 
collaborations to meet the needs of patients and institutions. Some notable collabo-
rations are the integration of delirium screening in surgery patients and research 
proposals in the basic mechanisms of delirium.

 National Organization

The American Delirium Society (ADS) was built on core fundamentals that engage 
delirium professionals in the activities of the society [10]. Delirium professionals 
feel an emotional connection to delirium. They have witnessed firsthand the toll this 
syndrome takes on the lives of individuals. The American Delirium Society pro-
vides opportunities to contribute to advances in care, which keep the individual 
engaged. Through its annual conferences, the ADS has provided an opportunity for 
thoughtful engagement, scientific critique, and building a community. ADS lever-
ages the bond of shared delirium experience and contributions to advance clinical 
care, education, and research. Similar delirium-centered organizations have devel-
oped in Europe, Australasia, and now Latin America.

15 Building a Delirium Network
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 Collaborations Among International Organization

More recently, the world’s delirium associations joined together with a common 
goal to increase delirium awareness. Recognizing that each society was spending a 
large effort on increasing awareness, iDelirium was formed to coordinate efforts 
across the globe. The collaboration produced “World Delirium Awareness Day” 
about which more information can be found at www.idelirium.org. In 2018 and 
2019, iDelirium accumulated over 21 million Twitter impressions on a single day 
during World Delirium Awareness Day. The coordinating task force has grown sig-
nificantly as the delirium professionals identify an opportunity to direct their emo-
tional energy into creative social media content.

 Scientific Networks

The Network for Investigation of Delirium: Unifying Scientists (NIDUS) is a col-
laborative, multidisciplinary network dedicated to the acceleration of scientific dis-
covery in delirium research, through focused collaboration and creation of 
sustainable infrastructure to enhance innovative and high-quality research. NIDUS 
was created in response to a call from the National Institutes on Aging to support a 
collaborative network to advance scientific research on the causes, mechanisms, 
outcomes, diagnosis, prevention, and treatment of delirium in older adults.

 Summary

Delirium creates an emotional experience in those impacted including patients, 
families, and healthcare professionals. By bringing together highly motivated peo-
ple with a common emotional experience, there is an opportunity for mutual under-
standing and action. Delirium networks provide an opportunity to improve clinical 
care, education, and research.

References

 1. Marcantonio ER. Delirium in hospitalized older adults. N Engl J Med. 2017;377(15):1456–66.
 2. Patel AKBM, Traube C. Delirium in pediatric critical care. Pediatr Clin N Am. 2017;64(5):1117.
 3. Shaughnessy M, Rudolph JL.  Building a Delirium Network. J Am Geriatr Soc. 

2011;59(s2):S233–S.
 4. Bull MJ, Boaz L, Sjostedt JM.  Family caregivers’ knowledge of delirium and preferred 

modalities for receipt of information. J Appl Gerontol: Off J Southern Gerontol Soc. 
2016;35(7):744–58.

J. L. Rudolph et al.

http://www.idelirium.org


229

 5. Kales HC, Kamholz BA, Visnic SG, Blow FC.  Recorded delirium in a national sample of 
elderly inpatients: potential implications for recognition. J Geriatr Psychiatry Neurol. 
2003;16(1):32–8.

 6. Steis MR, Fick DM. Are nurses recognizing delirium? A systematic review. J Gerontol Nurs. 
2008;34(9):40–8.

 7. Manville B. You need a community, not a network. Harv Bus Rev. 2014. https://hbr.org/prod-
uct/you-need-a-community-not-a-network/H00ZIT-PDF-ENG?referral=02749. Accessed Aug 
26, 2019.

 8. Schawbel D. 7 ways to build a strong Netowrk. American Express Open Forum.
 9. Neufeld KJ, Joseph Bienvenu O, Rosenberg PB, Mears SC, Lee HB, Kamdar BB, et al. The 

Johns Hopkins delirium consortium: a model for collaborating across disciplines and depart-
ments for delirium prevention and treatment. J Am Geriatr Soc. 2011;59(Suppl 2):S244–8.

 10. Rudolph JL, Boustani M, Kamholz B, Shaughnessey M, Shay K. Delirium: a strategic plan to 
bring an ancient disease into the 21st century. J Am Geriatr Soc. 2011;59(s2):S237–S40.

15 Building a Delirium Network

https://hbr.org/product/you-need-a-community-not-a-network/H00ZIT-PDF-ENG?referral=02749
https://hbr.org/product/you-need-a-community-not-a-network/H00ZIT-PDF-ENG?referral=02749


231© Springer Nature Switzerland AG 2020 
C. G. Hughes et al. (eds.), Delirium, https://doi.org/10.1007/978-3-030-25751-4

A
ABCDE bundle, 211
ABCDEF bundle, 14, 22, 84, 195, 201, 211
Acetylcholine (Ach), 145, 153
Acetylcholinesterase inhibitors, 215
Activities of daily living (ADLs), 31, 37
Acute brain dysfunction

outcomes
family caregivers, 36
hospital length of stay, 36
ICU, 36
institutionalization after discharge, 

38–39
mortality, 34–36
patient caregivers, 36
post intensive care syndrome, 37–38

prevalence, 28–29
risk factors

associations, 30
critically ill adults, 30–32
pharmacological agents, 32–33
severity of illness, 32
sleep deprivation, 33

systemic inflammation, 140, 141, 143, 144
vulnerability states, 152, 153

Acute Brain Dysfunction-Daily Prediction 
Model (ABD-pm), 67–68

Acute brain failure, 1
Acute confusional state, 1, 114
Acute encephalopathy, 4, 169
Acute inflammation, mind and body, 137
Acute lymphocytic leukemia (ALL), 153
Acute neuropsychiatric disorder, 14
Acute Physiology and Chronic Health 

Evaluation II (APACHE II), 32
Acute stress disorder, 47–49

Adults, electroencephalography, 170, 171
Agitated delirium, 74
Alpha-2 receptor agonist, 216
Alzheimer’s disease, 68
American Delirium Society (ADS), 227
American Geriatrics Society, 215
Analgesia, 198
Anesthesia, 146
Anesthetic agents, 146
Antagonists, 213, 214
Antipsychotics, 193, 214, 215
Area under the receiver operating 

characteristic (AUROC), 61
Assessment, delirium

assessment recommendations, 19
implementation recommendations, 19–22
management, 19–22

B
Behavioral Pain Scale (BPS), 195
Benzodiazepines, 32, 97, 194, 217
Blood-brain-barrier (BBB), 137, 144, 145, 

184, 185
Brain ischemia, 184
BRAIN MAPS, 83
Brain parenchymal volume (BPV), 124
Brain-derived neurotrophic factor (BDNF), 

141, 148
Bunionectomy, 48

C
Calibration model, predictions, 63
CAM for intensive care unit (CAM-ICU), 

108, 115

Index

https://doi.org/10.1007/978-3-030-25751-4


232

Cardiac surgery, 67
Central nervous system (CNS), 184

inflammatory cascade, 142
peripheral immune stimuli, 140

Cerebral blood flow (CBF), 115, 126, 131
Children, epidemiology of delirium

outcomes, 98
postoperative period, 97
prevalence, 94
risk factors, 95
special pediatric populations, 97
studies, 94

Chimeric antigen receptor (CAR), 152
Chronic obstructive pulmonary disease 

(COPD), 50
Coagulation, endothelial, 186
Cognitive Disintegration model, 113, 131
Cognitive dysfunction, 37
Computed tomography (CT), 115, 125
Confusion Assessment Method  

(CAM), 104, 115
Confusion Assessment Method for ICU 

(CAM-ICU), 3, 15–18, 94, 104
Confusion Assessment Method short form 

(CAM-S), 115
Confusion Assessment Protocol, 106
Cornell Assessment for Pediatric Delirium 

(CAPD), 76–77, 95
Coronary-artery bypass graft (CABG), 149
C-reactive protein (CRP), 146, 147, 149–152
Critical-Care Pain Observation Tool 

(CPOT), 195
Cyclic guanosine monophosphate 

(cGMP), 182
Cytokine release syndrome (CRS), 153

D
Default mode network, 114, 130
Delirare, 1
Delirium

brain roadmap, 20, 21
clinical phenotypes

hypoxic delirium, 8
metabolic delirium, 9
per day study, 6
sedative-associated delirium, 8
septic delirium, 8
unclassified delirium, 9

defined,  (see also Depression), 1
differential diagnosis, 83
DSM-V, 2

emotional experience, 224, 225
intensive care unit, 3–4
mnemonics for, 21
motoric subtypes, 4–6
one common goal, 225, 227
pathophysiology of, 139
post-test probability, 61
pre-test probability, 61
severity of, 3
syndrome of, 223
uncomfortable emotions, 226

Delirium assessment tools, ICU, 15
CAM-ICU, 15–18
ICDSC, 18

Delirium Epidemiology in Critical Care 
(DECCA), 29

Delirium networks
international organization, 228
local hospital, 227
national organization, 227
potential results, 225
scientific networks, 228

Delirium rating scale-revised version 
(DRS-98), 115

Delirium vigilance approach, 20
Delirium vs. depression, 51
Delusional, 49
Delusional memories, 48–50
Depression

vs. delirium, 51
mental health conditions, 50
psychiatric condition, 51
treatment of, 51–52

Dexmedetomidine, 193, 194, 216
Diagnostic and Statistical Manual 5th Edition 

(DSM-V), 14
diagnostic criteria, 2
ICU, 3
PTSD, 48

Diagnostic and Statistical Manual for Mental 
Disorders IV (DSM-IV), 115

Diagnostic and Statistical Manual of Mental 
Disorders (DSM), 1

Diagnostic and Statistical Manual of 
Mental Disorders version IIIR 
(DSM-IIIR), 104

Diffusion tensor imaging (DTI), 115, 129
Discrimination, prediction model, 61
Dopamine (DA), 74, 153
DSM-V, see Diagnostic and Statistical Manual 

5th Edition (DSM-V)
Dynamic prediction model, 59

Index



233

E
Early PREdiction DELIRium ICu (E-PRE- 

DELIRIC), 66–67
Electrodes, EED, 171
Electroencephalography (EEG), 154

characteristics of, 173, 175
defined, 169
delta activity, 171
network analyses, 177
neural network, 176
non-convulsive seizures, 175, 176
normal adults, 170, 171
research, 176–178
signals, 170, 171
spectral analysis, 175
10-20 system, 171

Emergence delirium (ED), 49, 76
Encephalopathy, 1
Endothelial activation, 186
Endothelial cells (EC), 145, 185
Endothelial dysfunction, 183, 187
Endothelial health

acute illness, 181
blood-brain barrier, 184, 185
coagulation, 186
dysfunction, 182
function, 187
immune responses, 185, 186

Endothelium-regulated perfusion, 182, 183
Enzyme-linked immunosorbent assays 

(ELISA), 148
Epidemiology of delirium, children

outcomes, 98, 99
pediatric-specific delirium screening 

tools, 94
potential practices, 100
prevalence, 94, 95
risk factors, 95
studies, 94

E-PRE-DELIRIC model, 66, 70
E-selectin, 185, 186
Evidence-based interventions, 191

Extracorporeal membrane oxygenation 
(ECMO), 97

F
Failed pharmacologic treatment

acetylcholinesterase inhibitors, 215
antagonists, 213, 214
antipsychotics, 214, 215
statins, 215

Family caregivers, 36
Frontal intermittent rhythmical delta activity 

(FIRDA), 173
Functional connectivity (FC), delirium

cerebral blood flow, 126
Memorial Delirium Assessment Scale, 127
network disintegration, 128
posterior cingulate cortex, 127
resting-state functional MRI, 128

Functional magnetic resonance imaging 
(fMRI), 115

G
Gamma-amino butyric acid (GABA), 33, 85, 

155, 212
General anxiety symptoms, 47
Generalized periodic discharges (GPDs), 173
Generalized rhythmic delta activity 

(GRDA), 173
Global cognitive performance (GCP), 124
Glutamate (GLU), 141, 154
Guanylate cyclase, 182

H
Health related quality of life (HRQoL), 38
Hemorrhagic stroke, 106, 107
Hepatic encephalopathy (HE), 143
HMG-CoA reductase inhibitors, 194
Hospital length of stay, 36
Hyperactive delirium, 4
Hypoactive delirium, 4, 6, 75
Hypoalbuminemia, 31
Hypothalamus–pituitary–adrenal axis, 144
Hypoxemia, 8
Hypoxic delirium, 8

I
ICU
ICU psychosis, 1, 4, 19
ICU-7 delirium severity scale, 18
Immune effector cell‐associated neurotoxicity 

syndrome (ICANS), 153
Immune responses, endothelial, 185, 186
Immune-brain communication pathways, 141
Indoleamine 2,3 dioxygenase (IDO), 141
Inflammation vs. neurotransmitter, 153
Inflammatory biomarkers

acute ischemic stroke patients, 151
adult patients, 146

Index



234

Inflammatory biomarkers (cont.)
BDNF, 151
C-reactive protein, 151
C-reactive protein value, 149
delirium development, 147
meta-analysis studies, 152
multicenter study of patents, 149
neuropeptides study, 150
study of older patients, 150
study of patients, 147, 148

Informant Questionnaire on Cognitive Decline 
in the Elderly (IQCODE), 28, 108

Instrumental ADLs (IADLs), 37
Intensive care, 47
Intensive Care Delirium Screening Checklist 

(ICDSC), 3, 18, 104, 199
Intensive care unit (ICU)

acute brain dysfunction, 28, 36, 67–68
adult patients, 15
after cardiac surgery, 67
anxiety, 47
CAM-ICU, 15–18
critically ill adults, 31
delirium diagnose, 3–4
epidemiology of children, 99
E-PRE-DELIRIC, 66–67
ICDSC, 18
non-convulsive seizures, 176
PRE-DELIRIC, 64–65
prediction model

accuracy estimation, 63
calibration plot, 64
confidence intervel, 61
development, 59–60
sensitivity and specificity, 62
validation, 59–60

Preschool and Pediatric Confusion 
Assessment Method, 78

prevalence, 80
risk factors, 49
tools developement, 15

Intracerebral hemorrhage, 106
Intracranial cavity volume (ICV), 124
Ischemic stroke, 107–109

K
Ketamine, 194

L
Lethargus, 1
Leukemia inhibitory factor (LIF), 142

Level of consciousness (LOC), 14, 20
Light application therapy, 201
Lipopolysaccharide, 140, 151

M
Major depressive disorder (MDD), 46
Melatonin, 200
Melatonin (MEL), 153
Memorial Delirium Assessment Scale 

(MDAS), 127
Mental health conditions

acute stress disorder, 47–49
critical care, 52
delusional memories, 49–50
depression, 50

vs. delirium, 51
psychiatric condition, 51
treatment of, 51–52

elderly patients, 46
general anxiety symptoms, 47
post-traumatic stress, 47–49
research agenda, 52–53
risk factors, 49

Metabolic delirium, 9
Microglia, 140
Microvascular dysfunction, 183
Monitoring delirium, adult

defined, 14–15
ICU

CAM-ICU, 15–18
ICDSC, 18

incorporating delirium assessment
assessment recommendations, 19
implementation recommendations, 

19–22
management, 19–22

Montreal Cognitive Assessment (MoCA), 108
Mortality, 33
Motoric subtypes, delirium, 4–6

N
National Institute of Health Stroke Scale 

(NIHSS), 107
Negative predicted values (NPVs), 63, 68
Neonatal intensive care unit6 (NICU), 94
Network for Investigation of Delirium: 

Unifying Scientists (NIDUS), 228
Neural mass models, 177
Neurobehavioral syndrome, 135
Neuroimaging, delirium

assessment methods, 115

Index



235

associated findings, 116–122
brain MRIs, 123
cerebrovascular pathology, 125

POD, 124
post-stroke delirium, 126
SAGES, 124
ventricle-to-brain ratio, 115

evaluation, 131, 132
impaired functional connectivity

cerebral blood flow, 126
network disintegration, 128
posterior cingulate cortex, 127
resting-state functional MRI, 128

inclusion criteria, 115
positron emission tomography, 130, 131
PubMed, 114
systematic review flow diagram, 114
white matter hyperintensity burden, 123
white matter integrit, 129, 130

Neuroinflammatory hypothesis (NIH), 137, 143
Neurological syndrome, 46
Neurotransmitter hypothesis (NTH), 143, 212
Neurotransmitter imbalances, 212
Neurotransmitter systems, 153, 155
Neurotransmitter vs. inflammation, 153
Non-benzodiazepine, 33
Non-convulsive seizures, EEG, 175, 176
Non-convulsive status epilepticus, 176
Non-pharmacologic treatment, 210, 211
Non-rapid eye movement (NREM) sleep, 173

O
Off-pump coronary artery bypass  

(OPCAB), 124
Orexin, 151

P
Pain, 195
Pain, agitation and delirium (PAD), 15
Pain, Agitation/Sedation, Delirium, 

Immobility, and Sleep Disruption 
(PADIS), 191, 198, 211

Pathogen-associated molecular patterns 
(PAMPs), 141

humoral pathway, 144
neural pathway, 144

Pediatric anesthesia emergence delirium 
(PAED) Scale, 76

Pediatric Confusion Assessment Method for 
Intensive Care Unit (pCAM-ICU), 
78, 94

Pediatric delirium
clinical presentation, 74–75
etiology, 74–75
implementation, 80–82
management, 82–86
overview, 73–74
prevalence, 80
tool development, 75–76

Cornell assessment for pediatric 
delirium, 76–77

pediatric anesthesia emergence 
delirium, 76

ps/pCAM-ICU, 77–80
Pediatric intensive care unit (PICU), 85, 94
Persistent delirium, 9
Persistent sedative-associated delirium, 8
Peveloped postoperative cognitive dysfunction 

(POCD), 150
Pharmacologic prevention, delirium

antipsychotics, 193
dexmedetomidine, 193, 194
HMG-CoA reductase inhibitors, 194
ketamine, 194

Pharmacologic treatment
neurotransmitter imbalances, 212
research value, 217, 218

Pharmacological agents, 32–33
Pharmacologil treatment, dexmedetomidine, 

216
Phenotypes, delirium

hypoxic delirium, 8
metabolic delirium, 9
per day study, 6
sedative-associated delirium, 8
septic delirium, 8
unclassified delirium, 9

Phrenitis, 1, 137
Plasminogen activator inhibitor-1  

(PAI-1), 186
Polymorphous delta activity, 173
Positive predictive value, 63
Positron emission tomography (PET), 115, 

130, 131
Posterior cingulate cortex (PCC), 127, 

128, 131
Post intensive care syndrome (PICS)

cognitive dysfunction, 37
functional impairment, 37–38
health-related quality of life, 38
psychological distress, 38

Postoperative delirium (POD), 124
Post-stroke delirium (PSD), 126
Post-traumatic stress (PTS), 47–49

Index



236

Post-traumatic stress disorder (PTSD), 38
decreasing method, 49–50
DSM-V, 48
general anxiety, 47
risk factors, 49
symptoms of, 46, 48

PRE-DELIRIC model, 65
Prediction models, adults

aim, 59
rule, 59
clinical practice, 69
epidemiological, 60–64
future directions, 70
ICU

Acute Brain Dysfunction, 67–68
adults, 57
after cardiac surgery, 67
development and validation, 59–60
E-PRE-DELIRIC, 66–67
PRE-DELIRIC, 64–65

likelihood ratio, 62
research setting, 69–70
risk factor vs. predictors, 58

Prediction rule, 59
PREediction DELIRium IC (PRE-DELIRIC), 

64–65
Preschool and Pediatric Confusion Assessment 

Method, 78
Preschool and Pediatric Confusion Assessment 

Methods for the ICU (ps/pCAM- 
ICU), 77–80

Preschool Confusion Assessment Method for 
the ICU (psCAM-ICU), 79, 81, 95

Primary brain dysfunction, 104
Primary neurological injury (PNI)

delirium assessment, 104, 105
differential diagnoses, 105
evaluation, 109, 110
hemorrhagic stroke, 106, 107
INSIGHT-ICU Study, 110
ischemic stroke, 107–109
traumatic brain injury, 106

Psychological distress, 38

R
Randomized control trial (RCT), 194
Rapidly reversible sedative-associated 

delirium, 8
Reactive nitrogen species (RNS), 141
Reactive oxygen species (ROS), 141
Red blood cells (RBCs), 96
Reduce intensive care unit (ICU)

challenges, 201

pharmacologic prevention
antipsychotics, 193
dexmedetomidine, 193, 194
HMG-CoA reductase inhibitors, 194
ketamine, 194

prevention strategies
ABCDEF bundle, 195
analgesia, 198
assess, manage, 199
early mobility programs, 199
family, empowerment, 199, 200
light application therapy, 201
melatonin, 200
pain management, 195
sedation, 198
sleep promotion, 200
spontaneous awakening trial, 198
spontaneous breathing trial, 198

riskfactors
modifiable, 192
non-modifiable, 192

Regional cerebral blood flow (rCBF), 126
Resting-state functional MRI, 128
Richmond Agitation-Sedation Scale (RASS), 

5, 19, 29, 104, 198
Risk Adjustment for Congenital Heart 

Surgery-1 (RACHS-1), 98

S
S100 calcium-binding protein B (S100B), 184
Sedation, 198
Sedation Agitation Scale (SAS), 19, 20, 198
Sedative-associated delirium, 8
Septic delirium, 8
Severity of illness, 32
Sickness behavior, systemic inflammation, 

140–143
Sleep deprivation, 33
Sleep promotion, 200
Society of Critical Care Medicine (SCCM), 3, 

85, 211, 212
Spontaneous awakening trial (SAT), 198
Spontaneous breathing trial (SBT), 198
Statins, 215
Sub-syndromal delirium (SSD), 3
Successful Aging after Elective Surgery 

(SAGES), 124, 125, 129
Suprachiasmatic nucleus (SCN), 128
Systemic inflammation, 137

acute brain dysfunction, 140–143
sickness behavior, 140–143

Systems integration failure hypothesis (SIFH), 
135, 136, 139

Index



237

T
10-20 system, EEG, 171
Terminal agitation, 19
Tight junctions, 184
Toll-like receptors (TLRs), 141
Trauma, 47
Traumatic brain injury (TBI), 104, 106
Treatment strategies, delirium

failed pharmacologic approaches, 214
acetylcholinesterase inhibitors, 215
antagonists, 213
antipsychotics, 214, 215
statins, 215

ICU, 217
non-pharmacologic approaches, 210

value of future research, 211
pharmacologic approaches, 212

dexmedetomidine, 216
research value, 217, 218

pharmacologic risk factor reduction, 217
post-operative population, 217

Triphasic waves (TWs), 173

Tryptophan (TRP), 141
Tumor necrosis factor-α (TNF), 142

U
Unclassified delirium, 9

V
Vasoconstriction, 182
Ventricle-to-brain ratio (VBR), 115

W
Wake Up and Breathe, 198
White matter hyperintensity burden  

(WMHB), 123

X
Xenon-enhanced computer tomography 

(Xe-CT), 126

Index


	Preface
	Contents
	Contributors
	Chapter 1: Delirium Definitions and Subtypes
	Introduction
	Current Definition
	Diagnosis of Delirium in the ICU
	Motoric Subtypes
	Clinical Phenotypes
	Conclusions
	References

	Chapter 2: Monitoring for Delirium in Critically Ill Adults
	Introduction
	Definition of Delirium
	Delirium Assessment Tools for the ICU
	CAM-ICU
	ICDSC

	Incorporating Delirium Assessment into Clinical Practice
	Assessment Recommendations
	Implementation Recommendations
	Interprofessional Approach to Delirium Management

	Conclusion
	References

	Chapter 3: Epidemiology of Delirium in Critically Ill Adults: Prevalence, Risk Factors, and Outcomes
	Introduction
	Prevalence
	Risk Factors
	Predisposing Factors
	Precipitating Risk Factors
	Severity of Illness
	Pharmacological Agents
	Sleep Deprivation


	Outcomes
	Mortality
	ICU and Hospital Length of Stay
	Psychological Burden in Patients and Family Caregiver
	Post-intensive Care Syndrome
	PICS-Cognitive Dysfunction
	PICS: Functional Impairment
	PICS: Psychological Distress
	Discharge Health-Related Quality of Life

	Institutionalization After Discharge

	Conclusion
	References

	Chapter 4: The Relationship Between Delirium and Mental Health Outcomes: Current Insights and Future Directions
	Introduction
	General Anxiety
	Acute and Post-traumatic Stress
	Risk Factors for PTSD in ICU Survivors: What About Delirium?
	Reducing Delirium as a Method of Decreasing PTSD?
	Depression
	Exploring the Association Between Delirium and Depression
	Common Processes Underlying Delirium and Depression
	Treatment of Delirium and Depression
	A Research Agenda Related to Delirium and Mental Health
	Conclusions
	References

	Chapter 5: Prediction Models for Delirium in Critically Ill Adults
	Background
	Risk Factors Versus Predictors
	Development and Validation of an ICU Delirium Prediction Model
	Epidemiological Definitions and Rules
	Existing ICU Delirium Prediction Models
	PRE-DELIRIC
	E-PRE-DELIRIC
	A Prediction Model for Delirium After Cardiac Surgery
	ABD-Daily Prediction Model

	Use of Delirium Prediction Models in Clinical and Research Settings
	Clinical Practice
	Research Setting

	Future Directions
	Conclusions
	References

	Chapter 6: Pediatric Delirium Assessment, Prevention, and Management
	Overview: Pediatric Delirium
	Etiology of Delirium and Clinical Presentation
	Tool Development
	Pediatric Anesthesia Emergence Delirium (PAED) Scale
	The Cornell Assessment for Pediatric Delirium (CAPD)
	The Preschool and Pediatric Confusion Assessment Methods for the ICU

	Pediatric Delirium Prevalence
	Implementation
	Management
	Summary
	References

	Chapter 7: Epidemiology of Delirium in Children: Prevalence, Risk Factors, and Outcomes
	Introduction
	Description of Studies
	Prevalence
	Risk Factors
	Outcomes
	Conclusion
	References

	Chapter 8: Delirium After Primary Neurological Injury
	Introduction
	Delirium Assessment in Primary Brain Injury
	Review of the Primary Literature
	Traumatic Brain Injury
	Hemorrhagic Stroke
	Ischemic Stroke

	Discussion
	Conclusion
	References

	Chapter 9: Neuroimaging Findings of Delirium
	Introduction
	Materials and Methods
	Search Strategy
	Inclusion Criteria
	Outcome Measures

	Associations Between Delirium and Cerebrovascular Pathology
	Association Between Delirium and Cerebral Blood Flow
	Associations Between Delirium and Impaired Functional Connectivity
	Associations Between Delirium and White Matter Integrity
	Associations Between Delirium and Amyloid Positron Emission Tomography
	Discussion
	Future Directions
	References

	Chapter 10: Inflammatory Biomarkers and Neurotransmitter Perturbations in Delirium
	Introduction
	The Neuroinflammatory Hypothesis of Delirium
	Systemic Inflammation Leading to Acute Brain Dysfunction and Sickness Behavior
	Blood-Brain Barrier Dysfunction and Delirium
	Evidence in Support of Inflammation as Mediator of Delirium
	Vulnerability States and Acute Brain Dysfunction
	Relationship Between Inflammation and Neurotransmitter Abnormalities
	Conclusions
	References

	Chapter 11: The Electroencephalogram and Delirium
	Introduction
	EEG in Normal Adults
	EEG Characteristics of Delirium
	Delirium Due to Non-convulsive Seizures
	Applications of EEG in Delirium Research and Management
	Conclusions
	References

	Chapter 12: Endothelial Health and Delirium
	Endothelium-Regulated Perfusion
	Endothelium and the Blood-Brain Barrier
	Endothelial Activation and Modulation of Immune Responses
	The Endothelium, Coagulation, and Delirium
	Summary
	References

	Chapter 13: Preventive Strategies to Reduce Intensive Care Unit Delirium
	Introduction
	Importance of Identifying and Removing Risk Factors
	Non-modifiable Risk Factors
	Modifiable Risk Factors

	Pharmacologic Prevention of Delirium
	Antipsychotics
	Dexmedetomidine
	HMG-CoA Reductase Inhibitors
	Ketamine

	Multicomponent Delirium Prevention Strategies
	ABCDEF Bundle
	Assess, Prevent, and Manage Pain
	Both SATs and SBTs
	Choice of Analgesia and Sedation
	Delirium: Assess, Prevent, and Manage
	Early Mobility and Exercise
	Family Engagement and Empowerment

	Sleep Promotion
	Multicomponent Sleep Promotion Bundles
	Melatonin
	Light Application Therapy


	Challenges to Delirium Prevention
	Conclusion
	References

	Chapter 14: Treatment Strategies for Delirium
	Introduction
	Non-pharmacologic Approaches to Delirium Treatment
	Value of Future Research: Non-pharmacologic Approaches

	Pharmacologic Approaches to Delirium Treatment
	Failed Pharmacologic Approaches to Delirium Treatment
	Antipsychotics
	Antipsychotics in the Management of Agitation (Symptoms of Hyperactive Delirium)
	Acetylcholinesterase Inhibitors
	Statins

	Unclear Role of Pharmacologic Approaches in Delirium Treatment
	Dexmedetomidine
	Pharmacologic Risk Factor Reduction in Delirium Prevention and Treatment
	Value in Future Research: Pharmacologic Approaches


	Summary
	References

	Chapter 15: Building a Delirium Network
	Delirium Is an Emotional Experience for the Patient, the Family, and the Healthcare Professionals
	Isolation, Fear, and Helplessness
	Delirium: One Common Goal
	Addressing the Emotional Experience of Delirium: Together
	Engaging Highly Motivated People with a Common Bond

	Matching People and Opportunity to Advance Delirium Knowledge and Care
	Reconnecting

	Examples of Delirium Networks
	Local Hospital
	National Organization
	Collaborations Among International Organization
	Scientific Networks

	Summary
	References

	Index

