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Abstract
We face a profound and emerging public health problem in the form of acute and chronic brain
dysfunction. This affects both young and elderly intensive care unit (ICU) survivors and is altering
the landscape of society. Two-thirds of ICU patients develop delirium, and this is associated with
longer stays, increased costs and excess mortality. In addition, over one-half of ICU survivors
suffer a dementia-like illness that impacts their physical and cognitive functional abilities and
which appears to be related to the duration of their ICU delirium. A new paradigm of how
Intensivists handle the brain is required. We propose a 3-step approach to address this emerging
epidemic, which includes Screening, Prevention, and Restoration of brain function (SPR).

Screening combines risk factor identification and delirium assessment using validated instruments.
Prevention of acute and chronic brain dysfunction requires implementation of a core model of care
that combines evidence-based practices: awakening and breathing coordination with target -based
sedation, delirium monitoring, and exercise / early mobility (ABCDE). Restoration introduces
strategies of ongoing screening and treatment for ICU survivors at high risk of ongoing brain

Corresponding Author:, Eduard E. Vasilevskis, M.D., Vanderbilt University Medical Center; 1215 21st Ave, S. 6006 Medical
Center East, NT; Nashville, TN 37232-8300; Voice 615-936-1935; Fax 615-936-1269; eduard.vasilevskis@vanderbilt.edu.

Location: The work was performed at Vanderbilt University Medical Center and the Department of Veterans Affairs Medical Center,
Tennessee Valley Healthcare System in Nashville, TN.

Conflicts of interest:
Dr. Vasilevskis has no conflicts of interest to disclose. Dr. Ely has received grant support and honoraria from Eli Lilly and Company,
Pfizer, Hospira, Aspect Medical Systems, and GlaxoSmithKline. Dr. Pandharipande has received honorarium from Hospira Inc and
GlaxoSmithKline. Dr. Girard has received honoraria from Hospira inc.

NIH Public Access
Author Manuscript
Crit Care Med. Author manuscript; available in PMC 2013 June 12.

Published in final edited form as:
Crit Care Med. 2010 October ; 38(10 0): S683–S691. doi:10.1097/CCM.0b013e3181f245d3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



dysfunction. This practical system applying many evidence-based concepts, incorporates
personalized medicine, systems based practice, and continuing research and development towards
improving acute and chronic cognitive outcomes.
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Introduction
Over recent decades, intensive care unit (ICU) utilization has dramatically increased.(1)
Changing ICU demographics account for a substantial share of this growth, with elderly
patients currently accounting for up to 50% of all ICU admissions(2) and more than half of
ICU days.(3) During this same period, ICU mortality is decreasing,(4) representing an
achievement of the latest advances in critical care. Unfortunately, an emerging epidemic of
acute and chronic brain dysfunction among ICU survivors threatens to overshadow this very
success.(5,6) Whereas many of the successes have occurred at the “front end” of critical care
(e.g., low tidal volume ventilation in acute respiratory distress syndrome(7)), this epidemic
represents the impact of critical illness that persists after the acute illness and well beyond
ICU and hospital discharge, i.e., at the “back-end” of critical care. At present, ICU-
associated cognitive impairment is quietly altering the landscape of society and, if left
untreated, will be a growing public health threat. This emerging epidemic demands that the
ICU community develop and implement strategies targeted towards preservation of brain
function, both within and beyond the ICU.

Background
ICU delirium is an acute brain dysfunction that is characterized by sudden, fluctuating
changes in consciousness and cognition that develop over a brief time period.(8) The
condition may be present on admission or may develop during the ICU stay, due to the
critical illness itself or as a complication of medical treatment. ICU delirium is commonly
characterized as hyperactive (agitation and emotional ability) or hypoactive (apathy and
diminished responsiveness), the latter being more common.(9,10) The predominance of
hypoactive features leads to under-recognition of ongoing acute cognitive dyfunction when
validated assessment tools are not utilized, with up to 75% of cases overlooked.(11,12) In
contrast, when measured with sensitive delirium assessment tools, ICU delirium is found to
develop in about two-thirds of ICU patients, especially when mechanically ventilated.(13–
17) The high prevalence of ICU delirium is particularly striking when one considers the
independent influence of delirium upon a number of important outcomes. ICU delirium is
associated with longer hospital stays,(18,19) billions of dollars in additional costs,(20) and
substantial increases in mortality. The latter was first observed in a prospective cohort study
of mechanically ventilated patients,(21) which demonstrated a 3-fold increase in mortality at
six months for patients who experienced ICU delirium compared with those who did not
(FIGURE 1). In addition, each additional day spent in delirium was associated with a 10%
increased hazard of death (HR, 1.1; 95% confidence interval; 1.0–1.3). A subsequent study
demonstrated similar findings, with a 10% increased hazard of death (HR 1.10; 95%
confidence interval; 1.02–1.18) up to one year after critical illness with each additional day
of ICU delirium.(22) These findings were independent of age, severity of illness, co-
morbidities, coma, and exposure to psychoactive medications.
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In addition to in-hospital brain dysfunction (namely, delirium and coma), over one-half of
ICU survivors have long-term brain dysfunction in the form of a functionally debilitating
dementia-like illness. This appears to be predicted by delirium duration(23–25) and leads to
markedly increased rates of institutional placement.(26,27) The impact on an ICU survivor’s
life can be devastating.

Thus, in response to the changing ICU population and alarming cognitive outcomes among
ICU survivors, an overarching restructuring of how intensivists assess and manage the brain
at the “front-end” and the “back-end” of critical care is required. We propose a 3-step
approach to this partially iatrogenic and certainly modifiable phenomenon, an approach
including Screening for brain dysfunction, Prevention of brain dysfunction, and Restoration
of brain function (SPR). This practical system, which represents a synthesis of recent
evidence along with expert opinion, will balance concepts of personalized medicine (i.e.,
tailoring components to specific patients) with protocolized medicine. The approach will
also balance improvements in individual patient’s health with ICU system’s health. Finally,
recognizing the infancy of research in ICU brain dysfunction, we stress the importance of
incorporating new screening, prevention, and restoration innovations to replace the virtual
absence of existing paradigms of care.

Step 1: SCREENING for Brain Dysfunction
Screening for delirium in the SPR model encompasses two core components. The first is risk
factor screening prior to delirium onset. The second is ongoing screening for delirium within
the ICU using validated instruments.

Screening for Delirium Risk Factors
Multiple studies have investigated factors that may precipitate or prolong delirium. Risk
factors are traditionally divided into predisposing and precipitating factors (Table 1).(28)
Predisposing factors can be further classified into: a.) Genetics, b.) Demographics, c.)
Functional status, and d.) Chronic conditions. Precipitating factors can be classified into: a.)
Acute physiology, b.) Biochemical, c.) Acute conditions, d.) Procedures, e.) Medications,
and f.) Environment. Note that classification of predisposing versus precipitating factors
serves as a framework to understand risk factors and is not a firm dividing line for any single
factor.

Nearly 100 different risk factors have been investigated for potential association with
delirium incidence in the ICU. The studies are heterogeneous, differing by study location,
design, population, and outcome assessment.(13,16,29–35) Therefore, it is not surprising
that at least 27 diverse risk factors have been independently associated with delirium among
seven studies that applied validated delirium assessments. Despite this heterogeneity, there
are some predisposing risk factors that are of broad importance, with age(29,33) and history
of cognitive impairment(16,30) being particularly influential. Among precipitating risk
factors, acute physiologic derangements (e.g., APACHE II score),(29, 32, 33) and opioid,
(13, 29, 30, 33) and benzodiazepine administration(16, 30, 33) are the most common
implicated factors. Only recently have investigators explored the relationship between ICU
delirium and genetics, (31) biochemical factors,(29) and the environment.(30) Continued
identification of novel risk factors and validation of previously reported ones will play a
critical role for at least three future applications in the management of ICU delirium:

1. Personalized Medicine: Advances in risk factor identification will improve our
understanding of the pathophysiologic basis of delirium, for which there are many
hypotheses but few firm conclusions.(36) New knowledge brings promise of novel
prevention and treatment strategies. For example, elucidation of genetic risk
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markers, coupled with advances in rapid genetic diagnostic technologies, will
facilitate personalized pharmacologic treatments that consider the inherent genetic
variation among patients experiencing ICU delirium. Similarly, biomarkers may
someday assist in targeting treatments specific to one of the likely many
physiologic pathways leading to the clinical syndrome of delirium.

2. Risk Stratification: Risk factor identification is critical for the development of
robust risk-prediction models that will aid future clinicians to identify those at
highest risk for delirium upon entry to the ICU and guide prevention strategies
accordingly. Delirium risk strata may guide future choices of ICU analgesia and
sedation or entry into a specialized delirium care pathway. Many factors to help
stratify risk are likely not yet identified. For example, biochemical markers may
provide a more sensitive means to signal early pre-clinical brain dysfunction.

3. Performance Measurement: Whereas mortality and length of stay are currently the
most common risk-adjusted outcomes to measure ICU performance(37), delirium
offers an additional outcome that is: a) measured with high sensitivity and
specificity, b) measured prior to ICU and hospital discharge, c) influenced by
changes in ICU environment and care processes, and d) critical to multiple
stakeholders. Identification of reliable risk factors for the prediction of incident
ICU delirium will enhance risk-adjustment models. Assessment of risk-adjusted
cognitive outcomes across ICUs and/or institutions will help stakeholders learn
from systems that exhibit exceptional rates of delirium to improve outcomes more
broadly across ICUs.

Screen for Acute Cognitive Impairment
Any program designed to improve acute and chronic cognitive outcomes for critically ill
patients requires robust measurement of ICU delirium. Although education(11) and
implementation(38, 39) barriers exist, widespread availability of simple measurement tools
significantly reduces obstacles to routine delirium assessment. Instruments such as the
Intensive Care Delirium Screening Checklist (ICDSC) (40), the Nursing Delirium Screening
Scale (Nu-DESC),(41) and the Confusion Assessment Method for the ICU (CAM-ICU)(14,
15) offer sensitive and specific instruments specifically developed for the ICU environment,
across medical and surgical units, and among mechanically ventilated patients. Tools may
differ in their development population, validation studies, and testing characteristics, but all
provide an opportunity to improve each of the following:

1. Recognition of and Communication Regarding Delirium: In the absence of a valid
screening instrument, assessments of cognitive status by nurses and physicians are
variable and grossly under-recognize delirium.(11, 12) Symptoms of delirium may
be incorrectly attributed to dementia or depression, or they may be completely
overlooked. Validated ICU delirium instruments provide necessary tools to
standardize the examination, and they provide highly sensitive and specific
delirium measurements when compared to the gold standard DSM IV diagnostic
criteria.(8) In addition to improved recognition, validated instruments provide a
standard concept and language for efficient and informative provider-to-provider
communication.(42) Without this standard, providers may lack confidence in their
ability to assess and communicate delirium.

2. Clinical Decision Making: Delirium assessment will support providers’ diagnostic
and therapeutic maneuvers. New onset of delirium alerts providers to changes in a
critical end-organ, much like rises in creatinine or falls in blood pressure. Delay in
delirium diagnosis poses a barrier toward efforts to understand the underlying
etiology, such as sepsis, medication changes, or metabolic abnormalities. In
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addition, the decision to initiate or titrate medications (e.g., analgesia, sedation)
depends upon accurate assessment of delirium. Without appropriate cognitive
status information, treatment will not match the needs of the patient.

3. Measurement of ICU Performance: A common framework of care quality states
that optimization of structure and processes will yield benefits in outcomes.(43)
Implicit in this framework is that one reliably measures the outcome of interest.
With reliable measures of delirium, ICU systems possess necessary tools to
monitor cognitive outcomes. Further advances in risk-adjustment will increase the
potential to measure a system’s health and understand how changes made in an
ICU’s structure (e.g., hiring 24-hour intensivists) or process (e.g., implementing a
standardized sedation protocol) affect cognitive outcomes.

Step 2 - PREVENTION of Brain Dysfunction
To balance patient comfort and minimize iatrogenic brain injury, universal optimization of a
synergistic group of evidence-based practices must be implemented across ICUs to prevent
acute and/or chronic brain dysfunction. We propose a set of evidence-based processes:
Awakening and Breathing Coordination, Delirium monitoring and Exercise / Early mobility
(ABCDE) that serve as a critical foundation for a brain dysfunction prevention model. The
proposed ABCDE bundle represents years of critical care trials that have led (and are
leading) to improvements in the “back-end” of critical care; that is to say, processes of care
that focus on minimizing potentially harmful exposures in the ICU and move the patient
towards quicker and more complete recovery both within and outside the ICU. Table 2
highlights the evolution of the “back-end” of critical care management and recovery.

The strength of the ABCDE model’s foundation rests upon evidence developed over time as
well as its potential ability to positively impact additional valued outcomes, including
mortality, length of stay, and physical function. The model’s foundation should be viewed as
a starting point, with future discoveries in genetics, neuroscience, and pharmacology leading
to additional strategies to build upon or modify the ABCDE model. In addition, this
protocolized approach, although widely applicable in the ICU, is intended to be a guiding
design and not a tool that should be rigidly applied without consideration of clinical input
and critical analysis. With that said, information gained from sedation and delirium
monitoring, as well as during spontaneous awakening trials (SATs) and spontaneous
breathing trials (SBTs), will greatly facilitate decision -making, providing an information-
rich environment to enable improved clinical decisions.

The first three steps in ABCDE, awakening and breathing coordination, refer to the daily
performance of spontaneous awakening trials paired with spontaneous breathing trials as
coordinated by the ICU team. In 1999, Kress et al demonstrated that, compared with
uninterrupted sedation, consistent implementation of scheduled daily spontaneous
awakening trials (SATs) reduced average mechanical ventilation duration by more than two
days and reduced the number of ICU complications (44) without increased unplanned
extubations.(45) In 1996, Ely et al published the first controlled trial to demonstrate that,
when compared to physician judgment alone, protocolized SBTs to assess readiness for
extubation decreased ventilator days by 1.5 days and led to 50% fewer ventilator-related
complications.(46) This management approach has been successful in other settings and
when managed by non-physician providers.(47, 48) In 2008, Girard et al, building upon
prior evidence, demonstrated that coordinating SATs and SBTs together further improved
outcomes compared with usual practices.(49) In this randomized controlled trial, the
intervention group received patient-targeted sedation each day accompanied by
protocolized, paired SATs and SBTs. The control group also received patient-targeted
sedation and daily SBTs. SATs were allowed in the control group but were initiated at the
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discretion of individual providers as part of usual practice. Compared with the control group,
the intervention group achieved reductions in hospital length of stay by four days, reduced
median days of coma by one day, 14% absolute risk reduction in death at one year (FIGURE
2), and a reduction in the incidence of long –term brain dysfunction at 3 months.(50)

These findings highlight the harms of prolonged exposure to sedation. The benefits seen
with paired SATs and SBTs, together with consistent titration of sedation to minimum
achievable sedation targets, should make continuous deep sedation an uncommon situation
that requires specific indications such as ongoing needs for high FiO2 and/or PEEP.
Implementation of awakening and breathing coordination also underscores the importance
of standardized sedation assessments. Standardized measures allow adjustment of sedative
exposure to meet the minimal necessary sedation level using objective measures rather than
clinician judgment alone. Sedation monitoring can be achieved with simple, validated,
sedation screening instruments (e.g., Sedation Agitation Scale (SAS),(51) Ramsay Score,
(52) Richmond Agitation-Sedation Scale,(53) or Minnesota Sedation Assessment Tool(54)).
Patients requiring deeper levels of sedation may receive additional monitoring. For example,
intermittent bispectral index monitoring(55) may assist clinicians in the prevention of burst
suppression, an electroencephalographic finding associated with heavy sedation exposure
that is an independent predictor of death.(56)

The fourth step in ABCDE, delirium monitoring, refers to regular screening for delirium in
the ICU with a validated screening instrument (e.g., the ICDSC,(40) the Nu-DESC,(41) or
CAM-ICU)(15)). First discussed in Step 1 (Screen for Brain Dysfunction), this process
should also be viewed as a critical piece of any delirium prevention model. Standardized
instruments provide reliable means to communicate important information of brain function
across providers,(57) and signal important clinical changes, which may require diagnostic
and/or therapeutic adjustments in care. In addition, unit level rates of delirium may be
sensitive to newly implemented prevention strategies. For example, implementation of
paired awakening and breathing protocols may impact cognitive outcomes that can be
followed with routine use of delirium assessment instruments. This feedback mechanism
provides invaluable information to the ICU team in making process adjustments and
implementing new system -wide changes.

The final step of ABCDE, exercise, refers to early mobilization among ICU patients.
Although under-utilized in modern critical care, early mobilization is both feasible (58, 59)
and effective. Schweickert et al, (59) recently demonstrated that early mobilization
combined with awakening and breathing coordination, compared with awakening and
breathing coordination alone, was associated with decreased ICU length of stay, reduced
number of ICU delirium days from a median of 4.0 (95% confidence interval; 2.0–7.0) to
2.0 (0.0–6.0), and earlier return to independent functioning across a broad range of basic
activities of daily living (FIGURE 3). An additional single-center implementation study
demonstrated impressive benefits of early mobilization, with a mean reduction in hospital
length of stay by 3.1 (95% confidence interval; 0.3 – 5.9) days and 32% (21 – 53%) fewer
days of delirium in the post-implementation group.(60) This compelling evidence suggests
that continued efforts to improve physical function yields cognitive, as well as physical,
restorative benefits, and that early exercise should be strongly considered as a routine part of
ICU care.

The ABCDE brain dysfunction prevention model must be viewed as a framework upon
which new prevention strategies can be added as we learn more. New strategies will focus
on detrimental neuro-regulatory stressor effects of specific sedative medications,
environmental factors, and disease-specific interactions, including those with sepsis. These
factors have been implicated as specific risk factors for delirium, and each may lend
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themselves to modifications in treatment or the ICU environment itself. For example,
sedative management may prove to be particularly important in influencing ICU delirium
incidence and/or duration. Therefore the “C” of ABCDE may be considered an indicator of
sedation “Choice.” Recent controlled trials, in fact, investigating analgosedation,(61) as well
as light sedation(62) protocols demonstrated significant reductions in mechanical ventilator
days and ICU length of stay without associated psychological harm. Although
analgosedation in one study resulted in increased “agitated delirium,” the effect on the more
prevalent form of delirium (hypoactive delirium) is unknown, and long -term cognitive and
psychological outcomes have not been reported to date.(61)

Other sedative strategies have shown important effects on brain dysfunction. Studies
investigating dexmedetomidine, a novel selective α2-adrenergic receptor agonist, show
promising reductions in daily prevalence of delirium when compared to traditional
benzodiazepine sedation.(63–65) In a randomized control trial by Riker et al., (64) sedation
with dexmedetomidine rather than midazolam reduced daily prevalence of delirium by
24.9% (FIGURE 4). Dexmedetomidine may be a promising agent to reduce delirium, but is
only one of many commonly used sedative agents that need to be rigorously studied with
respect to their effects on acute and chronic brain dysfunction. With strong evidence that
individual agents may have variable effects on cognition, research must expose how other
alternative pharmacologic strategies (e.g., propofol, antipsychotics, or analgosedation)
promote or prevent brain dysfunction. Sedation protocols must be regularly refined and
updated to incorporate evolving evidence and integrate best practices of sedation and
delirium monitoring as well as tightly linked SAT and SBT practices (FIGURE 5).

In addition to pharmacologic agents, there are nonpharmacologic strategies that demonstrate
potential to prevent delirium. Early mobility, already included in the ABCDE model, as well
as strategies to optimize sleep, reduce noise, maintain diurnal rhythms, and control pain are
among a few promising nonpharmacologic strategies. Some of these have already been
shown to reduce delirium in the non-ICU environment.(66, 67) The ICU community must
test these and other novel strategies in appropriately designed trials to understand if similar
benefits are afforded to the critically ill population.

Step 3 - RESTORATION of Brain Function
The impact of care in the ICU does not end at the threshold of ICU discharge. Increasingly,
it is understood that patients cared for in the ICU experience a host of psychiatric (e.g.,
depression(68), post -traumatic stress disorder(69)) and functional impairments (e.g., long -
term cognitive impairment(5), dementia(6), and weakness,(70)) that affect ICU survivors
long after hospital discharge. In fact, ICU delirium may be a key link between critical illness
and long-term cognitive impairment.(23, 25) Identifying patients at risk for long-term
cognitive impairment is critical to address the needs of this population. Unfortunately,
providers rarely screen patients for cognitive impairment at discharge(5, 71), and only a few
patients who may benefit from cognitive rehabilitation currently receive it.(72)
Unrecognized deficits in neuropsychological abilities such as attention, memory, and
executive function may pose significant risk to the patient’s ability to carry out instrumental
activities of daily living and impact upon their safety, quality of life, and future income.

In light of this gap in care, intensivists must embrace the fact that attention to cognitive
function after ICU care is a professional obligation. A new paradigm of post-ICU care is
needed, one that incorporates a) identification of populations at high risk for long-term
cognitive impairment, b) treatment of “at risk” individuals with cognitive and physical
rehabilitation directed towards executive and memory deficits, and c) incorporation of
pharmacologic means of brain restoration following appropriate clinical trials.
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The ICU community must work to identify those at greatest risk for cognitive impairment
and increase subsequent referrals for neuropsychological testing and cognitive rehabilitation.
Although more research is needed to understand risk factors for long-term cognitive
impairment, it is clear that severity of illness, acute diagnoses, advanced age, sepsis, acute
respiratory distress syndrome, ICU delirium, and pre-morbid cognitive dysfunction are
initial target populations to consider.(5, 25, 72, 73) In addition, brief cognitive screening
instruments such as the Montreal Cognitive Assessment (MoCA),(74) Folstein Mini-Mental
State Exam,(75) and the Mini-cog(76)) are additional tools to assist in identification of at-
risk individuals for long-term cognitive impairment. A new model will exist of post-ICU
neuropsychological testing for the following populations: (a) those identified at high risk by
risk-factor identification and/or brief cognitive screening, (b) those with sustained delirium
(e.g., 3+ days) due to a near 100% risk of neuropsychological dysfunction,(25) and (c) those
returning to a job or objective task that would be jeopardized or unsafe in the presence of
executive dysfunction and memory loss. Appropriate testing and treatment thresholds must
be investigated and validated and additional risk factors considered, which may both
improve the sensitivity and specificity of the screening process over time. For example,
advances in anatomic and functional MRI may be incorporated at certain centers to
characterize the nature of the patient’s injury and recovery processes.(77) Better
understanding of the anatomic pathology may help guide neurocognitive rehabilitation,
predict response to therapy, and provide improved understanding of longer-term prognosis
for ICU survivors with acute cognitive impairment.

It is important to continue to track the patient’s cognitive status during the weeks to months
following ICU and hospital discharge. When patients are believed to have cognitive
impairment, they should be referred to a clinical neuropsychologist or clinical psychologist
for consultation and further neuropsychological evaluations. When cognitive impairment is
appropriately identified, patients must be referred for cognitive and physical rehabilitation
directed towards improving executive and memory deficits. Cognitive rehabilitation is an
established therapy, which has been shown to improve cognitive function(78, 79) and may
be appropriate for individuals with cognitive impairment due to a wide variety of causes
(e.g., traumatic brain injury, cerebrovascular accident, hypoxia). It is considered to be safe
and effective in improving neuropsychological abilities such as attention, concentration,
memory, and executive function.(80)

As awareness of chronic brain dysfunction increases among ICU survivors and physicians,
demand for new therapies will increase in parallel. Unfortunately, no randomized trials have
been performed to date, demonstrating a large unmet need for drug development and
investigation in this area. As an initial step, pharmacological means of brain restoration
currently used for dementia (cholinesterase inhibitors) and tested in post-operative
settings(81) should be incorporated following appropriate ICU trials. Other medications to
consider include those that interrupt/modify dopaminergic (e.g., typical and atypical
antipsychotics) or serotonergic pathways, two neurotransmitters that have been implicated in
the pathophysiology of delirium. In addition, treatments may be directed towards
inflammation, coagulation, or the sympathetic nervous system, other targets with
mechanistic relations to delirium. Further understanding of genetic determinants and specific
biomarkers will expand this list and hopefully assist in reversing the ongoing epidemic.

Conclusion
The adverse effects of critical illness on acute and chronic brain function are increasingly
apparent. In response, we have presented a comprehensive approach aimed at screening and
preventing acute and chronic brain dysfunction. The outlined approach requires
improvements in both individual patient care as well as ICU systems. Although much needs
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to be discovered, existing evidence-based strategies are ready for implementation to improve
cognitive outcomes at the “back-end” of critical care. Intensivists are uniquely positioned to
lead improvements and embrace restoration of acute and chronic cognitive function as an
essential component of their practice.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Delirium is Independently Associated with 6-month Mortality
Multivariable Cox-proportional-hazards analysis demonstrated that patients who experience
delirium in the ICU were 3-times more likely to die at 6 months (HR, 3.2; 95% confidence
interval, 1.4 to 7.7; P=0.008), after adjustment for age, Charlson Comorbidity Index,
modified Blessed Dementia Rating Scale score, Acute Physiology and Chronic Health
Evaluation II score, Sequential Organ Failure Assessment score, sepsis, acute respiratory
distress syndrome, and time-varying covariates for coma and use of sedative and analgesic
medications. From Ely et al.(21) Copyright © 2004 American Medical Association. All
rights reserved.
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Figure 2. Paired Spontaneous Awakening Trials with Spontaneous Breathing Trials Reduce
Mortality at 1-year
Multivariable Cox-proportional-hazards analysis demonstrated that patients in the
intervention group (receiving paired daily spontaneous awakening and breathing trials) were
32% less likely to die during the following year compared to the control group. HR = 0.68;
95% confidence interval, 1.6 to 2.9; P < 0.001. Reprinted from The Lancet, Vol 371, Girard
et al"Efficacy and safety of a paired sedation and ventilator weaning protocol for
mechanically ventilated patients in intensive care (Awakening and Breathing Controlled
trial): A randomised controlled trial”, Pages 126-134, © 2008, with permission from
Elsevier.(49)
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Figure 3. Early Mobilization When Added to Paired Spontaneous Awakening and Breathing
Trials Improves Independent Function at Hospital Discharge
Comparison of functional outcomes between intervention group receiving coordinated
spontaneous awakening trials (SATs) and spontaneous breathing trials (SBTs), delirium
monitoring, and protocolized early mobilization compared to control group receiving paired
SATs and SBTs and delirium monitoring alone. Functional outcomes are consistently
improved in the intervention group. Reprinted from The Lancet, Vol 373, Schweickert et
al"Early physical and occupational therapy in mechanically ventilated, critically ill patients:
A randomised controlled trial”, Pages 1874-1882, ©2009, with permission from Elsevier.
(59)
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Figure 4. Treatment with Dexmedetomidine Reduces the Daily Prevalence of Delirium when
Compared to Treatment with Midazolam
Comparison of daily delirium prevalence of intervention group receiving dexmedetomidine-
based sedation compared to the control group receiving midazolam. The dexmedetomidine
sedation arm experienced a 24.9% relative decrease (95% confidence interval; 16%-34%; P
< 0.001) in daily delirium compared to midazolam. From Riker et al.(64) Copyright © 2009
American Medical Association. All rights reserved.
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Figure 5. Analgesia and Sedation Protocol – Incorporating Routine Sedation and Delirium
Monitoring
This analgesia and sedation protocol includes principles of sedation and delirium
monitoring, targeted sedation using the minimal sedation required with avoidance of
benzodiazepines, as well as routine spontaneous awakening trials (SATs) and spontaneous
breathing trials (SBTs). Copyright © 2010 icudelirium.org. All rights reserved.
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Table 2

Evolution of the “Back-end” of Critical Care: Management and Recovery

Years Concept Introduced and Published “Back-End” Process of Care Evolutionary
Step of the

ABCDE Bundle

1995–99 Spontaneous Breathing Trials (SBTs) Liberation from Ventilation Step B

1999–2004 Spontaneous Awakening Trials (SATs) Liberation from Sedation Step A

2001–07 Awakening and Breathing Coordination
(SATs + SBTs)

Liberation from Sedation and
Ventilation

Steps ABC

2001–08 Validation and Implementation of
Delirium Assessment / Monitoring Tools

Delirium monitoring Step D

2009–10 Early Mobility and Physical Therapy Animation Step E

2010 Awakening and Breathing Coordination,
Delirium Monitoring, and Early Mobility

Liberation and Animation ABCDE
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