EDITORIALS

Disability after Critical Iliness
Margaret Herridge, M.D., M.P.H., and Jill I. Cameron, Ph.D.

Critical illness creates new neurocognitive and
functional disabilities and further compromises
preexisting organ dysfunction. These are truths
borne out in multiple international studies.'°
Recovery from severe illness is complex and re-
lies on a fragile interdependence of adequate
premorbid organ reserve, attentive care in the
intensive care unit (ICU), timely and individual-
ized rehabilitation, ongoing access to responsive
health care professionals, and extensive personal
and family resources. In short, getting better is
difficult.

In their seminal work from 1999, Hopkins
and colleagues established that survivors of the
acute respiratory distress syndrome (ARDS) had
important decrements in multiple cognitive do-
mains, and these investigators highlighted hy-
poxemia during the ICU stay as a key contribu-
tor to dysfunction.” These observations have been
confirmed,® but they have been largely confined
to discrete patient groupings, such as patients
with sepsis! or ARDS*>® or the elderly,>® and
challenged by incomplete follow-up and poorly
characterized ICU-based risk factors or other
risk modifiers.

In this issue of the jJournal, Pandharipande
and colleagues®® report the results of a large,
multicenter, prospective cohort study to evaluate
cognitive outcomes in a mixed medical-surgical
population. This article unequivocally establish-
es that critical illness promotes the development
of mew and clinically important cognitive im-
pairment, regardless of age, burden of coexist-
ing conditions, or diagnosis at hospital admis-
sion. The investigators set a new standard for
longitudinal cognitive-outcome studies by means
of the following: systematic evaluation of cogni-
tive impairment at baseline; detailed assessment
of potential confounders, including cerebrovas-
cular risk, delirium, and frailty; comprehensive
cataloguing of drug exposure in the ICU; evalu-
ation of genetic predisposition to cognitive dys-
function with the use of apolipoprotein E; and
the herculean efforts expended to track patients
and conduct blinded cognitive assessments by
professional psychologists in a diverse patient
sample across multiple centers. The public health
effect of neurocognitive morbidity after critical
illness is undeniable.

In this generalizable study sample, a longer
duration of delirium was strongly associated with
worse global cognitive impairment and execu-
tive dysfunction that mirrored the disability ob-
served in patients with moderate traumatic brain
injury and mild Alzheimer’s disease. But not all
patients had delirium, and some of the patients
with cognitive dysfunction at 3 months showed
improvement by 12 months. Furthermore, prior
observations!* suggesting that drug exposures
in the ICU are clear risk factors for long-term
brain dysfunction were not supported by the
current study.

Acquired or exacerbated brain injury is com-
plex and multifactorial, as highlighted by these
important data. Delirium is a pivotal risk factor
for brain dysfunction, but its specific contribu-
tion remains elusive. Individual vulnerability
and brain reserve intersect with a host of insults
and risk modifiers that occur before, during, and
after the injury of critical illness. The evaluation
of apolipoprotein E in the current study is a clear
signal that markers of genetic susceptibility be-
long in future outcome studies of critical illness.
Building risk models with genetic markers that
further inform robust molecular mechanisms of
differential brain injury and repair are the be-
ginning. We also need to understand the diverse
neuroanatomical correlates for this dysfunction
to determine whether discrete changes in neuro-
imaging findings correspond to prognosis or re-
habilitative potential.?

Loss to follow-up, study withdrawal, and death
may each threaten internal validity in cohort
studies, and the current work is no exception.
Despite laudable follow-up efforts, there were
important differences between the patients who
completed neurocognitive testing and those
who did not in terms of level of education, sex,
frailty, and level of activity, and hence there is
the possibility that patients who were sicker and
more vulnerable were underrepresented. Going
forward, it is crucial to understand the reasons
for loss to follow-up and study withdrawal so
that we can capture the full spectrum of disability.
Insights from qualitative interviews may be help-
ful, and offsite or home visits may need to be-
come standard practice for future follow-up work.

Physical activity may be an important risk
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modifier of neurocognitive outcome, and under-
standing the role of exercise during and after
critical illness is essential.'> However, address-
ing ICU-acquired weakness in isolation is not
sufficient, because the return to functional in-
dependence is complex and multidimensional. It
would be important to gain an appreciation of
how the brain—activity interface affects func-
tional independence, quality of life, and patient-
centered outcomes. In addition, more informa-
tion is needed about the effect of cognitive
dysfunction on job loss, health care utilization,
and family caregivers.

The family caregiver for the critically ill pa-
tient undergoes unremitting stress in the face of
the uncertain outcome for their loved one. This
life experience is transformative. Family caregiv-
ers of persons who have had a sudden-onset ill-
ness, such as critical illness, stroke, or traumatic
brain injury, may have new and often devastat-
ing mood disorders, including major depressive
episodes and post-traumatic stress disorder.1#18
This experience is uniquely stressful for this
caregiver group because the onset of illness is
abrupt and there is little time to assimilate their
family member’s new neurocognitive or physical
disabilities, to comprehend that these may per-
sist, or to prepare for the demands as a care-
giver. Unfortunately, when family caregivers suf-
fer from emotional distress, this may compromise
the care provided to the family member, includ-
ing the patient’s rehabilitation, and the sustain-
ability of providing care in the home. Therefore,
it is crucial for future research and intervention-
al programs after critical illness to consider its
effect on the patient and the family.

In summary, the findings of Pandharipande
and colleagues unequivocally show that neuro-
cognitive dysfunction is an important and prev-
alent public health concern after critical illness.
These data underscore that surveillance and in-
tervention for delirium remain crucial to best
ICU practice, as does an ICU culture of wakeful-
ness and mobility.*® Clinical-risk groupings and
risk modifiers need to be further delineated by
means of genetic and basic science work in
large and diverse patient samples and mapped to
neuroanatomical structure and function and rel-
evant long-term patient-centered and family-
centered outcomes. This will complete the vision
of a longitudinal approach to critical illness.2°
Basic research and translational collaborations
need to be prioritized and are the crucial next

steps. Without this detailed knowledge, we are
merely guessing about how to proceed. Risk
stratification will help distinguish between pa-
tients who can regain functional independence
and those who have exhausted their organ re-
serve and rehabilitative potential and who live in
the purgatory of chronic critical illness only to
have unacceptably poor outcomes.*2* While we
wait to accrue more mechanistic basic data and
consider their implications for treatment and re-
habilitation, we continue to accumulate a cata-
logue of neurocognitive and functional morbid-
ity. This new knowledge provides detailed
education for patients, families, ICU stakehold-
ers, primary care physicians, and health policy
makers and should fuel an informed discussion
about what it means for our patients to survive
an episode of critical illness, how it changes
families forever, and when the degree of suffer-
ing and futility becomes unacceptable from a
patient-centered and societal standpoint.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

From the Interdepartmental Division of Critical Care and Divi-
sion of Pulmonary and Critical Care, University Health Network
(M.H.), and the Department of Occupational Science and Oc-
cupational Therapy (J.I.C.) — all at the University of Toronto,
Toronto.
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ORIGINAL ARTICLE

Long-Term Cognitive Impairment
after Critical Illness

P.P. Pandharipande, T.D. Girard, J.C. Jackson, A. Morandi, J.L. Thompson,
B.T. Pun, N.E. Brummel, C.G. Hughes, E.E. Vasilevskis, A.K. Shintani,
K.G. Moons, S.K. Geevarghese, A. Canonico, R.O. Hopkins, G.R. Bernard,
R.S. Dittus, and E.W. ElyJ for the BRAIN-ICU Study Investigators*

ABSTRACT

BACKGROUND
Survivors of critical illness often have a prolonged and disabling form of cognitive
impairment that remains inadequately characterized.

METHODS

We enrolled adults with respiratory failure or shock in the medical or surgical intensive
care unit (ICU), evaluated them for in-hospital delirium, and assessed global cognition
and executive function 3 and 12 months after discharge with the use of the Repeatable
Battery for the Assessment of Neuropsychological Status (population age-adjusted
mean [+SD] score, 100+15, with lower values indicating worse global cognition) and the
Trail Making Test, Part B (population age-, sex-, and education-adjusted mean score,
50+10, with lower scores indicating worse executive function). Associations of the du-
ration of delirium and the use of sedative or analgesic agents with the outcomes were
assessed with the use of linear regression, with adjustment for potential confounders.

RESULTS

Of the 821 patients enrolled, 6% had cognitive impairment at baseline, and deliri-
um developed in 74% during the hospital stay. At 3 months, 40% of the patients had
global cognition scores that were 1.5 SD below the population means (similar to
scores for patients with moderate traumatic brain injury), and 26% had scores 2 SD
below the population means (similar to scores for patients with mild Alzheimer’s
disease). Deficits occurred in both older and younger patients and persisted, with
34% and 24% of all patients with assessments at 12 months that were similar to
scores for patients with moderate traumatic brain injury and scores for patients
with mild Alzheimer’s disease, respectively. A longer duration of delirium was in-
dependently associated with worse global cognition at 3 and 12 months (P=0.001
and P=0.04, respectively) and worse executive function at 3 and 12 months (P=0.004
and P=0.007, respectively). Use of sedative or analgesic medications was not con-
sistently associated with cognitive impairment at 3 and 12 months.

CONCLUSIONS

Patients in medical and surgical ICUs are at high risk for long-term cognitive impair-
ment. A longer duration of delirium in the hospital was associated with worse global
cognition and executive function scores at 3 and 12 months. (Funded by the National
Institutes of Health and others; BRAIN-ICU ClinicalTrials.gov number, NCT00392795.)
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LONG-TERM COGNITIVE IMPAIRMENT AFTER CRITICAL ILLNESS

URVIVORS OF CRITICAL ILLNESS FREQUENT-

ly have a prolonged and poorly understood

form of cognitive dysfunction,* which is
characterized by new deficits (or exacerbations of
preexisting mild deficits) in global cognition or ex-
ecutive function. This long-term cognitive impair-
ment after critical illness may be a growing public
health problem, given the large number of acutely ill
patients being treated in intensive care units (ICUs)
globally.> Among older adults, cognitive decline is
associated with institutionalization,® hospitaliza-
tion,” and considerable annual societal costs.?? Yet
little is known about the epidemiology of long-
term cognitive impairment after critical illness.

Delirium, a form of acute brain dysfunction
that is common during critical illness, has con-
sistently been shown to be associated with
death,'>1* and it may be associated with long-
term cognitive impairment.? In addition, fac-
tors that have been associated with delirium,
including the use of sedative and analgesic
medications, may independently contribute to
long-term cognitive impairment.t34
Data on the prevalence of long-term cognitive

impairment after critical illness have largely come
from small cohort studies restricted to single
disease processes (e.g., the acute respiratory dis-
tress syndrome)>1>1¢ or from large, longitudinal
cohort studies lacking details of in-hospital risk
factors for long-term cognitive impairment.>* We
conducted a multicenter, prospective cohort study
of a diverse population of critically ill patients to
estimate the prevalence of long-term cognitive
impairment after critical illness and to test our
hypothesis that a longer duration of delirium in
the hospital and higher doses of sedative and an-
algesic agents are independently associated with
more severe cognitive impairment up to 1 year
after hospital discharge.

METHODS

STUDY POPULATION AND SETTING

The Bringing to Light the Risk Factors and Inci-
dence of Neuropsychological Dysfunction in ICU
Survivors (BRAIN-ICU) study was conducted at
Vanderbilt University Medical Center and Saint
Thomas Hospital in Nashville. Detailed defini-
tions of the inclusion and exclusion criteria are
provided in the Supplementary Appendix, available
with the full text of this article at NEJM.org.

Briefly, we included adults admitted to a medi-
cal or surgical ICU with respiratory failure, cardio-
genic shock; or septic shock. We excluded patients
with substantial recent ICU exposure (i.e., receipt
of mechanical ventilation in the 2 months be-
fore the current ICU admission, >5 ICU days in
the month before the current ICU admission, or
>72 hours with organ dysfunction during the
current ICU admission); patients who could not
be reliably assessed for delirium owing to blind-
ness, deafness, or inability to speak English;
patients for whom follow-up would be difficult
owing to active substance abuse, psychotic dis-
order, homelessness, or residence 200 miles or
more from the enrolling center; patients who
were unlikely to survive for 24 hours; patients
for whom informed consent could not be ob-
tained; and patients at high risk for preexisting
cognitive deficits owing to neurodegenerative
disease, recent cardiac surgery (within the pre-
vious 3 months), suspected anoxic brain injury, or
severe dementia. Specifically, patients who were
suspected to have preexisting cognitive impair-
ment on the basis of a score of 3.3 or more on
the Short Informant Questionnaire on Cognitive
Decline in the Elderly (IQCODE; on a scale from
1.0 to 5.0, with 5.0 indicating severe cognitive
impairment)!” were assessed by certified evalua-
tors with the use of the Clinical Dementia Rating
(CDR) scale (with scores ranging from 0 to 3.0,
and higher scores indicating more severe demen-
tia).1® Patients with a CDR score of more than
2.0 were excluded (additional information on the
IQCODE and CDR is provided in the Supplemen-
tary Appendix).

At enrollment, we obtained written informed
consent from all the patients or their authorized
surrogates; if consent was initially obtained
from a surrogate, we obtained consent from the
patient once he or she was deemed to be men-
tally competent. The study protocol was approved
by each local institutional review board.

RISK FACTORS, OUTCOMES, AND COVARIATES
We examined two primary independent risk fac-
tors: duration of delirium (defined as the number
of hospital days with delirium) and use of seda-
tive or analgesic medications during hospitaliza-
tion. Trained research personnel evaluated patients
for delirium and level of consciousness daily un-
til hospital discharge or study day 30. Delirium
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was assessed with the use of the Confusion As-
sessment Method for the ICU (CAM-ICU), a diag-
nostic algorithm for determining the presence or
absence of delirium on the basis of four features:
acute change or a fluctuation in mental status,
inattention, disorganized thinking, and altered
level of consciousness.?® Level of consciousness
was assessed with the use of the Richmond Agi-
tation—Sedation Scale (RASS), on which scores
range from =5 to 4, with lower scores indicating
less arousal, higher scores indicating more agita-
tion, and 0 indicating an alert and calm state.2°
Throughout the hospitalization, we used medica-
tion-administration records to collect information
on daily doses of benzodiazepines (converted to
midazolam dose equivalents), opiates (converted
to fentanyl dose equivalents), propofol, and dex-
medetomidine. Conversion factors are described
in the Supplementary Appendix.

Trained psychology professionals, who were
unaware of the patients’ in-hospital course, as-
sessed patients’ global cognition 3 and 12 months
after hospital discharge using the Repeatable Bat-
tery for the Assessment of Neuropsychological
Status (RBANS), a comprehensive and validated
neuropsychometric battery for the evaluation of
global cognition, including individual domains of
immediate and delayed memory, attention, visuo-
spatial construction, and language.?* The popula-
tion age-adjusted mean (+SD) for the RBANS
global cognition score and for the individual do-
mains is 100+15 (on a scale ranging from 40 to
160, with lower scores indicating worse perfor-
mance). In addition, executive function (specifi-
cally, cognitive flexibility and set shifting) was
assessed with the use of the Trail Making Test,
Part B (Trails B)??; the age-, sex-, and education-
adjusted mean T score is 50 (on a scale ranging
from 0 to 100, with lower scores indicating worse
executive function). All follow-up assessments are
described in detail in the Supplementary Appendix.

All covariates were chosen a priori on the
basis of clinical judgment and previous research,
owing to their expected associations with the
outcomes and with delirium, and thus their po-
tential to be confounders. Details of the covari-
ates and the range and clinical significance of
specific scores are provided in the Supplementary
Appendix. Briefly, covariates that were determined
at enrollment included age, years of education,
chronic disease burden according to the Charl-

son comorbidity index (on a scale ranging from
0 to 33, with higher scores indicating a greater
burden of coexisting conditions),?* preexisting
cognitive impairment according to the Short
IQCODE,"” cerebrovascular disease as assessed by
means of the Framingham Stroke Risk Profile,2*
and apolipoprotein E genotype. Covariates that
were measured daily until ICU discharge or study
day 30 included severity of illness as assessed by
means of the Sequential Organ Failure Assessment
(SOFA; scores range from 0 to 24 [from O to 4 for
each of six organ systems], with higher scores
indicating more severe organ dysfunction),?> mean
daily dose of haloperidol, and duration of severe
sepsis, hypoxemia, and coma.

MANAGEMENT OF MISSING DATA
Because missing data rarely occur entirely at ran-
dom,?° we assessed the associations between char-
acteristics of the patient and status with respect to
missing data according to recommendations.?”
Table S1 in the Supplementary Appendix shows
the frequency of missing outcomes, and Table S2
in the Supplementary Appendix shows that patients
with at least one missing outcome value were dif-
ferent from those with complete outcomes data in
small but potentially meaningful ways. The exclu-
sion of such patients may have biased our results,
so we used multiple imputation to assign values to
missing risk factors and outcomes in regression
modeling. However, we did not impute data for
patients who had no cognitive-outcomes data (e.g.,
owing to death or withdrawal from the study).

We used single imputation for missing delir-
ium and coma assessments. Of 10,558 patient-days
during which delirium or coma assessments were
expected, only 3% were missing and required
imputation.

STATISTICAL ANALYSIS
To determine whether the duration of delirium
and the doses of sedative or analgesic agents (in-
cluding benzodiazepines, propofol, dexmedeto-
midine, and opiates) were independent risk fac-
tors for the primary outcome variable (RBANS
global cognition score), we used multiple linear
regression with adjustment for all aforemen-
tioned covariates in separate models for the out-
comes at 3 and 12 months. Similarly, we used
multiple linear regression to determine whether
the duration of delirium and the doses of seda-
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LONG-TERM COGNITIVE IMPAIRMENT AFTER CRITICAL ILLNESS

tive or analgesic agents were independently as-
sociated with secondary outcomes (Trails B score
and RBANS scores for immediate memory, de-
layed memory, and attention) at 3 and 12 months.
Because we hypothesized that delirium and coma
may interact in their association with long-term
cognitive impairment, we assessed the data for
such interactions in all regression models.

In all models, drug doses were transformed
with the use of their cube root to reduce the
influence of extreme outliers, and continuous
variables were modeled with the use of restricted
cubic splines to allow for nonlinear associations
(with the exception of dexmedetomidine and
haloperidol doses, which were used so infre-
quently that the number of unique doses was too
small for splines).?® We also conducted sensitivity
analyses that were restricted to data for patients
who underwent all outcome assessments (i.e., a
complete case analysis). To determine whether an
altered level of consciousness confounded the as-
sociation between delirium and long-term cogni-
tive impairment, we conducted a sensitivity analy-
sis with adjustment for duration of an altered
level of consciousness. Since days of delirium
and coma were already accounted for in our re-
gression models, we included as a separate co-
variate the number of days without delirium and
without coma but with an altered level of con-
sciousness (defined as a RASS score other than 0).
We also examined ICU type (medical vs. surgical)
as a potential confounder by including this vari-
able in models in a separate sensitivity analysis.
We examined model diagnostics using residual
plots versus predicted plots and quantile—quan-
tile plots. All model assumptions were met ade-
quately. Variance inflation due to multiple impu-
tation was not problematic. We used R software,
version 3.0.1 (www.r-project.org), for all statisti-
cal analyses.

RESULTS

CHARACTERISTICS OF THE PATIENTS

Between March 2007 and May 2010, we enrolled
826 patients (Fig. S1 in the Supplementary Ap-
pendix). A total of 5 patients withdrew consent
and permission to use their collected data; thus,
we included 821 patients, who had a median age
of 61 years and a high severity of illness (Table 1).
Only 51 patients (6%) had evidence of preexisting

cognitive impairment (Table 1). Delirium affect-
ed 606 patients (74%) during their hospital stay,
with a median duration of delirium of 4 days.

Between enrollment and the 3-month follow-
up, 252 patients (31%) died; 448 of the 569 sur-
viving patients (79%) underwent cognitive testing
3 months after discharge. Another 59 patients (7%
of the original cohort) died before the 12-month
follow-up, and 382 of the 510 surviving patients
(75%) were tested 12 months after discharge
(Fig. S1 in the Supplementary Appendix).

PREVALENCE AND SEVERITY OF LONG-TERM
COGNITIVE IMPAIRMENT
Median RBANS global cognition scores at 3 and
12 months were 79 (interquartile range, 70 to 86)
and 80 (interquartile range, 71 to 87), respectively.
These scores were approximately 1.5 SD below the
age-adjusted population mean of 100£15 and were
similar to scores for patients with mild cognitive
impairment.?® At 3 months, 40% of the patients
had global cognition scores that were worse than
those typically seen in patients with moderate
traumatic brain injury,3° and 26% had scores 2 SD
below the population means, which were similar
to scores for patients with mild Alzheimer’s dis-
ease (Fig. 1).3* Deficits of this severity were also
common at 12 months, with 34% and 24% of
patients having scores similar to those for pa-
tients with moderate traumatic brain injury and
those for patients with mild Alzheimer’s disease,
respectively.3%:31

Cognitive impairment was not limited to older
patients or to patients with coexisting conditions
at baseline. Patients who were 49 years of age or
younger, for example, had median global cogni-
tion scores of 78 and 80 at 3 and 12 months,
respectively (Fig. 1, and Table S3 in the Supple-
mentary Appendix). In addition, global cogni-
tion scores were low regardless of the burden of
coexisting conditions (Fig. S2 in the Supplemen-
tary Appendix). Even among patients 49 years of
age or younger with no coexisting conditions at
baseline, 34% had global cognition scores at the
12-month follow-up that were commensurate with
moderate traumatic brain injury, and approximate-
ly 20% had results similar to those for patients
with mild Alzheimer’s disease. Unlike Alzheimer’s
disease, however, which affects delayed memory
much more than other domains, long-term cog-
nitive impairment after critical illness tended
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Table 1. Demographic and Clinical Characteristics of the Patients.*

Characteristic
Age —yr
Median
Interquartile range
White race — no. (%)
Male sex — no. (%)
Medical ICU — no. (%)
Level of education — yr
Median
Interquartile range
Short IQCODE score =3.6 — no. (%)
CDR score of 1 or 2 — no. (%)§
Charlson comorbidity index9|
Median
Interquartile range
APACHE |l score at enrollment|
Median
Interquartile range
SOFA score at enrollment¥*
Median
Interquartile range
Diagnosis at admission — no. (%)
Sepsis
Acute respiratory failuref
Cardiogenic shock, myocardial ischemia, or arrhythmia
Upper-airway obstruction
Gastric or colonic surgery
Neurologic disease or seizure
Other surgical procedureii
Other diagnosis
Mechanical ventilation
No. of patients — %
No. of days
Median
Interquartile range
Delirium
No. of patients — %
No. of days
Median

Interquartile range

In-Hospital Cohort
(N=821)

61
51-71
740 (90)
420 (51)
559 (68)

12

12-14

51 (6)

45 (5)

1-4

25
19-31

606 (74)

Follow-up Cohort
(N=467)

59
49-69
413 (88)
234 (50)
298 (64)

12
12-14
26 (6)
23 (5)

1-4

24
19-30

N ENGL ) MED 369;14 NEJM.ORG OCTOBER 3, 2013

The New England Journal of Medicine
Downloaded from nejm.org by JOHN VOGEL on October 2,2013. For personal use only. No other uses without permission.
Copyright © 2013 Massachusetts Medical Society. All rights reserved.



John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



LONG-TERM COGNITIVE IMPAIRMENT AFTER CRITICAL ILLNESS

Table 1. (Continued.)
In-Hospital Cohort Follow-up Cohort
Characteristic (N=821) (N=467)
Coma
No. of patients — % 517 (63) 265 (57)
No. of days
Median 3 3
Interquartile range 2-6 1-5
Duration of hospital stay — days
Median 10 10
Interquartile range 6-17 6-18
Use of sedative or analgesic agent in ICU — no. (%)
Benzodiazepine 509 (62) 274 (59)
Propofol 425 (52) 256 (55)
Dexmedetomidine 105 (13) 63 (13)
Opiate 641 (78) 362 (78)

Percentages may not sum to 100, owing to rounding. Of the 821 patients for whom in-hospital data and assessments
were available, 467 underwent follow-up assessments at 3 months, 12 months, or both. A total of 354 patients did
not undergo follow-up (252 patients died and 74 withdrew from the study before the 3-month assessment, and 28
were permanently lost to follow-up). ICU denotes intensive care unit.

Race was determined according to the medical record or was reported by the patient’s surrogate.

Scores on the Short Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) range from 1 to 5, with a
score of 3 indicating no change in cognition over the past 10 years, a score lower than 3 indicating improvement, and
a score higher than 3 indicating decline in cognition, as compared with 10 years before. A score of 3.3 or higher indi-
cates an increased probability of cognitive impairment, and a score of 3.6 or higher indicates preexisting cognitive
impairment (see the Supplementary Appendix).

Scores on the Clinical Dementia Rating (CDR) scale range from 0 to 3.0, with 0 indicating no impairment, 0.5 very
mild impairment, 1.0 mild impairment, 2.0 moderate impairment, and 3.0 severe impairment.

Scores on the Charlson comorbidity index range from 0 to 33, with higher scores indicating a greater burden of illness;
a score of 1 or 2 is associated with mortality of approximately 25% at 10 years.

Scores on the Acute Physiology and Chronic Health Evaluation (APACHE) Il range from 0 to 71, with higher scores
indicating worse outcomes.

© Scores on the Sequential Organ Failure Assessment (SOFA) range from 0 to 24 (from 0 to 4 for each of six organ

systems), with higher scores indicating more severe organ dysfunction. We used a modified SOFA score in our re-
gression models, which excluded the Glasgow Coma Scale components, since coma was included separately in our
models.

- Acute respiratory failure included the acute respiratory distress syndrome, acute exacerbations of chronic obstructive

pulmonary disease or asthma, pulmonary edema, embolus, and fibrosis.

logic, vascular, otolaryngologic, and urologic surgery.

I% Other surgical procedures included hepatobiliary surgery, liver transplantation, and orthopedic, obstetrical or gyneco-

to affect multiple cognitive domains (Fig. S3 in
the Supplementary Appendix). The Trails B ex-
ecutive-function scores were also low at 3 and
12 months; median scores of 41 and 42, respec-
tively, were below population norms, regardless
of the patient’s age (Table S3 in the Supplemen-
tary Appendix).

DELIRIUM, SEDATIVE AND ANALGESIC MEDICATIONS,
AND LONG-TERM COGNITIVE IMPAIRMENT

A longer duration of delirium was an inde-
pendent risk factor for worse RBANS global

cognition scores at both 3 and 12 months after
discharge (P=0.001 and P=0.04, respectively)
(Table 2 and Fig. 2). However, the duration of
coma was not associated with RBANS scores at
either 3 or 12 months after discharge (P=0.87
and P=0.79, respectively), although it did mod-
ify the association between delirium and global
cognition scores at 3 months (P=0.05 for inter-
action) (Fig. S4 in the Supplementary Appen-
dix). A longer duration of delirium was also
an independent risk factor for worse executive
function at 3 and 12 months (P=0.004 and
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Figure 1. Global Cognition Scores in Survivors of Critical lliness.

The box-and-whisker plots show the age-adjusted global cognition scores on
the Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS; with a population age-adjusted mean [+SD] of 100+15, and lower
scores indicating worse global cognition) at 3 months (light-gray boxes) and
12 months (dark-gray boxes), according to age. For each box-and-whisker
plot, the horizontal bar indicates the median, the upper and lower limits of
the boxes the interquartile range, and the ends of the whiskers 1.5 times the
interquartile range. Outliers are shown as black dots. The green dashed line
indicates the age-adjusted population mean (100) for healthy adults, and the
green band indicates the standard deviation (15). Also shown are the expected
population means for mild cognitive impairment (MCl), moderate traumatic
brain injury (TBI), and mild Alzheimer’s disease on the basis of other cohort
studies. Expected population means for MCl and Alzheimer's disease are
shown only for patients 65 years of age or older, since RBANS population
norms for these disorders have been generated only in that age group.

P=0.007, respectively) (Table 2, and Fig. S4 and
S5 in the Supplementary Appendix). A longer
duration of delirium was also a risk factor for
worse function in several individual RBANS do-
mains (see the Supplementary Appendix).

We did not observe an independent associa-
tion between higher doses of benzodiazepines
and worse long-term cognitive scores, except that
higher benzodiazepine doses were an indepen-
dent risk factor for worse executive-function scores
at 3 months (P=0.04) (Table 2). None of the
other medications examined, including propo-
fol, dexmedetomidine, and opiates, were con-
sistently associated with global cognition or
executive-function outcomes.

Sensitivity analyses that included only patients
for whom complete outcome data were available
yielded similar results (Table S4 in the Supple-
mentary Appendix). In addition, adjustments for

1312 N ENGL ) MED 369;14

an altered level of consciousness and surgical
versus medical ICU did not qualitatively change
our findings.

DISCUSSION

In this multicenter, prospective cohort study involv-
ing a diverse population of patients in general med-
ical and surgical ICUs, we found that one out of
four patients had cognitive impairment 12 months
after critical illness that was similar in severity to
that of patients with mild Alzheimer’s disease,
and one out of three had impairment typically
associated with moderate traumatic brain injury.
Impairments affected a broader array of neuro-
psychological domains than is characteristically
seen in Alzheimer’s disease, but the impairments
were very similar to those observed after moder-
ate traumatic brain injury. A validated instrument
that assessed baseline cognitive status showed
that only 6% of patients had evidence of mild-to-
moderate cognitive impairment before ICU ad-
mission, indicating that these profound cognitive
deficits were new in the majority of patients.
Long-term cognitive impairment affected both
old and young patients, regardless of the burden
of coexisting conditions at baseline.

A longer duration of delirium was associated
with worse long-term global cognition and ex-
ecutive function, an association that was inde-
pendent of sedative or analgesic medication use,
age, preexisting cognitive impairment, the burden
of coexisting conditions, and ongoing organ fail-
ures during ICU care. Although the mechanisms
by which delirium may predispose patients to
long-term cognitive impairment after critical ill-
ness have not yet been elucidated, delirium is as-
sociated with inflammation and neuronal apopto-
sis, which may lead to brain atrophy.333 Delirium
has previously been associated with cerebral at-
rophy?# and reduced white-matter integrity3s; both
atrophy and white-matter disruption are associ-
ated with cognitive impairment.3435 It is also
possible that patients who are vulnerable to de-
lirlum owing to severe critical illness are also
vulnerable to long-term cognitive impairment and
that delirium does not play a causal role in the
development of persistent cognitive impairment.

After adjustment for delirium, we did not find
any consistent associations between the use of
sedative or analgesic medications and long-term
cognitive impairment. The significant association
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Table 2. Effect of Duration of Delirium, Duration of Coma, and Exposure to Sedative or Analgesic Agents on Global Cognition and Executive Function.*

Independent Variable Percentile} RBANS Global Cognition Score Trails B Executive-Function Score
25th 75th At 3 Mo At 12 Mo At 3 Mo At 12 Mo
difference (95% Cl)  Pvalue difference (95% Cl)  Pvalue difference (95% Cl)  Pvalue difference (95% Cl) P value
Duration of delirium (days) 0 5 -6.3 (-10.3t0-2.3) 0.001 -5.6 (-9.5t0-1.8)  0.04 -5.1(-9.2to-1.1)  0.004 -6.0 (-10.2to -1.9) 0.007
Duration of coma (days) 0 4 -15(-7.0t04.1)  0.12 12(-33t05.7)  0.87 -16(-6.1t029)  0.70 09(-3.8t05.6)  0.79

Mean daily dose of sedative
or analgesic agenti:

Benzodiazepine (mg) 0 7.88 0.3 (-2.9t0 3.5) 0.20 -0.4 (-3.9t0 3.0) 0.17 -2.9 (-6.9t0 1.0) 0.04 -0.5 (-4.4 to0 3.5) 0.19
Propofol (mg) 0 804 0.5 (-2.2t03.3) 0.83 0.4 (-3.4t02.7) 0.96 -1.4 (-4.6t01.7) 0.44 -1.7(-5.1t01.7)  0.61
Dexmedetomidine (ug) 0 3826 -4.0(-11.7t03.7) 0.31 -5.7(-141t02.8) 0.19 -2.5(-11.2to6.1) 0.57 -0.4 (-9.5t08.7)  0.93
Opiate (mg) 133 12388  3.5(0.1t06.9) 0.14 1.7 (-2.1to 5.4) 0.04 5.2 (1.4t09.1) 0.06 4.6 (0.4to 8.8) 0.09

* Results shown are from linear regression models in which outcome variables were global cognition scores on the Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS; on a scale from 40 to 160, with lower scores indicating worse performance) or the Trail Making Test, Part B (Trails B; with scores ranging from 0 to 100, and lower scores
indicating worse executive function), the independent variables were duration of delirium, duration of coma, and mean dose of sedative or analgesic medications (all included simulta-
neously in the model), and the covariates were the following potential confounders, which were selected a priori: age, educational level, coexisting conditions, preexisting cognitive
impairment, apolipoprotein E genotype, stroke risk, and ICU variables, including the mean scores for the severity of illness, mean haloperidol dose, duration of severe sepsis, duration
of hypoxemia, and an interaction between delirium and coma.

r Differences (point estimates) in the RBANS and the Trails B scores in the linear regression analyses reflect a comparison between the 25th and the 75th percentile values for each vari-
able among all 821 patients in the original cohort (with the exception of dexmedetomidine dose; because more than 85% of patients received no dexmedetomidine, we used the mini-
mum and maximum doses instead). For example, in a comparison of patients with no delirium and those with 5 days of delirium, with all other covariates held constant, patients with
5 days of delirium had RBANS global cognition scores that were 5.6 points lower at 12 months than did those with no delirium. This represents a decrease of approximately 0.5 SD,
which is considered to be a clinically significant decline (see the Supplementary Appendix). A similar comparison of executive-function scores at 3 and 12 months showed a decrease of
0.5 SD in the scores for patients with 5 days of delirium, which is a clinically significant decline according to the neuropsychology literature. Cl denotes confidence interval.

: We used restricted cubic splines for all continuous variables, which allows for a nonlinear relationship between covariates and outcomes but requires multiple beta coefficients to estimate

the effect. The most appropriate P value is one that takes into consideration all these beta coefficients together. Although the P value may indicate significance (and is correct), the compar-

ison of the 25th and 75th percentiles may yield a point estimate with a confidence interval that crosses zero, or vice versa.
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Figure 2. Duration of Delirium and Global Cognition Score at 12 Months.

Longer durations of delirium were independently associated with worse
RBANS global cognition scores at 12 months. Point estimates and the 95%
confidence interval for these relationships are shown by the blue line and the
gray band, respectively. RBANS global cognition scores have age-adjusted
population norms, with a mean (£SD) score of 100+15. Rug plots show the
distribution of the durations of delirium. Although delirium could be assessed
for up to 30 days in the study, the x axis is truncated at 10 days because 90%
of the patients had delirium for 10 days or less; all available data were used in
the multivariable modeling. As one example, in a comparison of patients with
no delirium and those with 5 days of delirium (the 25th and 75th percentile
values of delirium duration in our cohort), with all other covariates held con-
stant (at the median or mode of the covariate), patients with 5 days of delir-
ium had RBANS global cognition scores at 12 months that were an average
of 5.6 points lower than the scores for patients with no delirium.

between benzodiazepines and executive function
at 3 months should be interpreted cautiously,
owing to multiple testing and the nonsignificant
associations between benzodiazepines and glob-
al cognition scores at 12 months. However, the
lack of a consistent association should not be
taken to suggest that large doses of sedatives are
safe, given studies showing that oversedation is
associated with adverse outcomes.3°

Since delirium is associated with long-term
cognitive impairment, interventions directed at
reducing delirium may mitigate brain injury as-
sociated with critical illness. Although the judi-
cious use of sedative agents and routine moni-
toring for delirium — recommended components
of care for all patients in the ICU3? — are in-
creasingly applied, only a few interventions (e.g.,
early mobilization and sleep protocols) have been
shown to reduce the risk of delirium among pa-

1314 N ENGL ) MED 369;14

tients in the ICU,384° and it is not known whether
any preventive or treatment strategies can reduce
the risk of long-term cognitive impairment after
critical illness.

These results complement those of earlier
cohort studies that exposed the problem of cog-
nitive deficits in survivors of critical illness.**
Some important differences, however, exist be-
tween previous investigations and the BRAIN-ICU
study. First, we enrolled a large sample of pa-
tients with a diverse set of admission diagnoses
and a broad age range. Second, we collected and
analyzed detailed data about delirium and seda-
tive exposure as risk factors for long-term cogni-
tive impairment. Two longitudinal studies®># have
advanced the field, but one was limited to patients
with severe sepsis,* and neither study collected de-
tailed data on in-hospital exposures, such as
delirium and psychoactive medications. In addi-
tion, the previous studies assessed cognitive
outcomes with the use of abbreviated screening
tools, which do not allow comparisons with
other populations, such as patients with trau-
matic brain injury or Alzheimer’s disease.

An important limitation of the BRAIN-ICU
study was our inability to test patients’ cognition
before their emergent illness. We addressed this
limitation in three ways. First, we excluded pa-
tients who were found to have severe dementia
with the use of a rigorous and well-validated ap-
proach that relied on two validated surrogate as-
sessment tools, the widely used Short IQCODE"”
and the reference standard CDR scale.'® Second,
we used the Short IQCODE to estimate preexist-
ing cognitive function in all patients 50 years of
age or older and in those younger than 50 years
of age with memory problems, and we adjusted
for this measure as a continuous variable in our
regression models. Third, we stratified cognitive
outcomes according to age and burden of coex-
isting illness and found that even young patients
with no coexisting conditions — that is, patients
who were highly unlikely to have any preexisting
cognitive impairment — were also at high risk
for long-term cognitive impairment (Fig. S2 in
the Supplementary Appendix).

Another limitation of our study is that, despite
high follow-up rates, some patients were unable to
complete all cognitive tests. We used imputation
strategies in our main analysis to reduce potential
bias due to missing data and conducted sensitivity
analyses that were restricted to data from patients
with complete assessments, with similar results.
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