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Rationale: The prognostic significance of delirium symptoms in
intensive care unit (ICU) patients with focal neurologic injury is
unclear.
Objectives: To determine the relationship between delirium symp-
toms and subsequent functional outcomes and quality of life (QOL)
after intracerebral hemorrhage.
Methods: We prospectively enrolled 114 patients. Delirium symp-
tomswere routinely assessed twicedaily using theConfusionAssess-
ment Method for the ICU by trained nurses. Functional outcomes
were recordedwithmodified Rankin Scale (scored from 0 [no symp-
toms] to 6 [dead]), and QOL outcomes with Neuro-QOL at 28 days,
3 months, and 12 months.
Measurements andMain Results: Thirty-one (27%) patients had de-
lirium symptoms (“ever delirious”), 67 (59%) were never delirious,
and the remainder (14%) had persistent coma. Delirium symptoms
were nearly always hypoactive, were detected mean 6 days after
intracerebral hemorrhage presentation, and were associated with
longer ICU length of stay (mean 3.5 d longer in ever vs. never delir-
ious patients; 95% confidence interval, 1.5–8.3; P¼ 0.004) after cor-
rection for age, admit National Institutes of Health (NIH) Stroke
Scale, and any benzodiazepine exposure. Delirium symptoms were
associated with increased odds of poor outcome at 28 days (odds
ratio, 8.7; 95%confidence interval, 1.4–52.5; P¼ 0.018) after correc-
tion for admission NIH Stroke Scale and age, and with worse QOL in
the domains of applied cognition–executive function and fatigue
after correcting for theNIH Stroke Scale, age, benzodiazepine expo-
sure, and time of follow-up.
Conclusions: After focal neurologic injury, delirium symptoms were
commondespite lowratesof infectionandsedationexposure,andwere
predictive of subsequent worse functional outcomes and lower QOL.
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The symptoms of delirium, a potential consequence of multiple
clinical disease states and physiologic aberrations, include a shift
in baseline mental status, inattention, and disorganized thinking
or altered level of consciousness. Although nonspecific, this syn-
drome is an independent predictor of higher mortality (1), longer
length of stay (LOS), higher cost of care, and worse long-term
cognitive outcomes in medical, surgical, burn, and trauma in-
tensive care unit (ICU) patients (2). There are few such data,
however, in ICU patients with focal neurologic injury without
systemic illness.

Risk factors for delirium symptoms are typically global (infec-
tion [3] and intravenous sedation, particularly benzodiazepines
[BZDs]) (4, 5) as opposed to focal lesions (e.g., hematoma). Most
mechanically ventilated patients are delirious during hospitaliza-
tion (1), potentially because of the sedation regimen (e.g., BZD
infusion), but sedation is typically minimized in neurologically
injured patients to permit repeated neurologic assessment that
may lead to an acute intervention (6).

Screening tests for delirium have been recently validated in
neurologically ill patients (7–9), including ischemic stroke
(7, 10) and intracerebral hemorrhage (ICH) (9). The Con-
fusion Assessment Method for the Intensive Care Unit
(CAM-ICU) is a commonly used and well-validated instru-
ment (11–14) that could be used to track the presence of
absence or such a symptom complex in the neuro-ICU patient
population (7, 10, 15). Some distinguish between hyperactive
(agitated) delirium and hypoactive delirium (“encephalopa-
thy”) depending on the level of arousal. We use “delirium” here
for consistency with the literature that is specifically not mech-
anistic, but highlights the presence of delirium symptoms and
later outcomes.

Among patient populations with focal neurologic injury, acute
ischemic stroke is best studied, with documented rates of delirium
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Delirium symptoms are common in the intensive care unit
(ICU), generally related to sedation and infection, and
predictive of subsequent worse outcomes.

What This Study Adds to the Field

This paper describes a cohort of ICU patients with intra-
cerebral hemorrhage in whom delirium symptoms were
common in the relative absence of sedative use or infection.
Delirium symptoms were not predictable at admission but
were independently associated with functional outcomes
and quality of life at follow-up. The prognostic significance
of the clinical findings of delirium symptoms in neuro-ICU
patients may offer new insights into predictors of poor
outcomes for these patients.
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between 11% (8) and 50% (7). Although these patients were
typically not critically ill, mortality was higher in patients with
delirium. ICH is an attractive disease model because it is typically
defined by the acute hematoma and is not complicated by cerebral
vasospasm (as opposed to aneurysmal subarachnoid hemorrhage
[SAH]). Patients are routinely admitted to an ICU for manage-
ment of severe hypertension and because there is a high risk of
clinical decompensation.

In this acutely neurologically ill cohort who routinely receive
ICU care, we sought to understand the prognostic significance of
delirium symptoms assessed with a standard assessment and
associations with LOS and follow-up functional outcomes and
quality of life (QOL). Specifically, we tested the null hypothesis
that delirium symptoms would have no association with LOS,
functional outcomes, or selected domains of QOL.

Some of the results of these studies have been previously re-
ported in the form of an abstract (9).

METHODS

Standard Protocol Approvals, Registrations,

and Patient Consents

The study was approved by the Institutional Review Board. Written in-
formed consent to collect data and outcomeswas obtained from the patient
or a legally authorized representative with the exception for patients who
died while in the hospital (generally those with persistent coma), for whom
the requirement for consent was waived.

We prospectively enrolled consecutive patients from December 2009
throughApril 2013. All patients were prospectively diagnosed by a board-
certified neurologist using computed tomography. We measured change
in hematoma volume as previously described (16). Patients were excluded
if their ICH was attributable to trauma, hemorrhagic conversion of ische-
mic stroke, or structural lesions (aneurysm, tumor, arteriovenous malfor-
mation, vessel dissection, and so forth).

All patients with ICHare admitted to theNeuro/Spine ICUwith a stan-
dardized order set. We prospectively recorded baseline demographic, past
medical history, clinical data, and follow-up. Pneumonia was prospectively
defined per criteria from theU.S. Centers for Disease Control and Preven-
tion (17). EEG monitoring was routinely performed for at least 24 hours
in unresponsive patients and interpreted by a board-certified epileptolo-
gist. Severity was prospectively assessed on admission with the National
Institutes of Health (NIH) Stroke Scale (NIHSS) (18), a validated neu-
rologic examination from 0 (best) to 42 (worst theoretically possible
score), with a score of 8 or more indicating a moderately severe deficit.

Assessment of Delirium Symptoms

The CAM-ICU (11, 12), a dichotomous clinical bedside rating, was rou-
tinely used to track the presence or absence of delirium symptoms and
assessed by trained ICU nurses twice daily in the ICU and the stroke unit
(ICU step-down). Delirium symptom screening and training on the CAM-
ICU was implemented in all hospital ICUs in early to mid-2009, several
months before we began data collection. The CAM-ICU was electroni-
cally documented and later all assessments were retrieved by automated
query. A positive CAM-ICU indicated the presence of a change from the
patient’s new baseline mental status (established on admission after ICH
symptom onset) plus inattention and either an altered level of conscious-
ness or disorganized thinking, as previously shown in a validation and
reliability study in 129 patients with ischemic stroke or ICH (7). In the
1,003 paired assessments against a neurologist Diagnostic and Statistical
Manual-IV reference rater (7), the CAM-ICU demonstrated a sensitivity
of 76% and specificity of 98% with an accuracy of 94% and an interrater
reliability (kappa) of 0.94.

The level of arousalwas routinely assessed twice dailywith theRichmond
Agitation- Sedation Scale (RASS) as previously described (19). Briefly,
the RASS is scored from 25 (unresponsive) to 14 (combative, violent);
the protocolized goal was 0 (alert and calm) to 22 (briefly awakens with
eye contact to voice).

Medication administration (e.g., BZD) and the timing of administra-
tion in relationship to the CAM-ICU ratings were electronically

retrieved as previously described (20). Patients with at least one posi-
tive CAM-ICU (delirium symptoms) were classified as ever delirious,
patients with all negative assessable CAM-ICU scores were classified at
never delirious, and patients who could never be assessed as positive or
negative within 28 days of symptom onset because of coma were clas-
sified as persistent coma (all of these patients were dead at 28 d).
Duration of delirium symptoms was calculated as described else-
where (2).

Outcome Assessment

The usual outcomemeasure after ischemic stroke and ICH is the modified
Rankin Scale (mRS) (21), a validated scale from 0 (no symptoms) to 6
(dead), assessed at 1 (22) and 3 months after onset. Scores of 0–2 indicate
mild disability or better (good outcome, as defined by the National
Institute of Neurological Disorders and Stroke for the High Dose Desfer-
oxamine in ICH trial). The mRS was prospectively recorded at 14 days or
discharge, 28 days, and 3 months after ICH symptom onset with a vali-
dated questionnaire (23, 24). The mRS is valid when assessed by tele-
phone or by proxy (25). Interviewers were unaware of delirium status. We
began to attempt mRS assessments at 12 months alongside Neuro-QOL
assessments (discussed next).

Neuro-QOL and the Patient Reported Outcomes Measurement Infor-
mation System (PROMIS), developed by the NIH, provide valid and reli-
able tools for QOL assessment in patients with stroke, cancer, and other
disorders (26). Neuro-QOL became available for limited (research) use
in January 2011 (www.assessmentcenter.net). For the subset of patients
with follow-up scheduled after early 2011 (see Table E1 in the online
supplement), we attempted to obtain QOL assessments at 28 days, 3
months, and 12 months. Patients or proxies were sent a scripted, deidenti-
fied email to complete QOL assessments online, the typical method for
assessing QOL. Neuro-QOL banks were validated for entry by proxy as
part of their development, an advantage in patients with neurologic injury,
where outcomes (including the mRS, especially for devastated or uncom-
municative patients) are often reported by proxy (e.g., a family member).
Patients without Internet access had the option of completing the assess-
ment over the telephone as a form of proxy entry. We administered com-
puter adaptive banks (where the patient’s response determines subsequent
questions) in the following instruments at each assessment: upper extremity
function (fine motor activity, such as picking up coins or opening bottles),
lower extremity function (mobility, such as walking on uneven surfaces or
stairs), applied cognition executive function (such as the ability to manage
finances), and fatigue (difficulty starting or completing tasks because of
tiredness). Results are expressed in T scores, centered on demographics
of the general U.S. population at 50 6 10. Further information is available
at www.nihpromis.org and www.neuroqol.org.

Statistical Analysis

Data are expressed as n (%), mean 6 SD, or median (Q1–Q3) as appro-
priate. Categorical data (e.g., seizures or not) were tested for an associa-
tion with delirium status with chi-square statistics, using Fisher exact test
when there were less than five observations per cell. Normally distributed
numbers (age) were compared with analysis of variance (for three groups)
or t tests (for two groups). Nonnormally distributed numbers (as detected
by examination of a histogram and testing with the Kolmogorov-Smirnov
distribution) were compared with the Kruskal-Wallis H (three groups) or
Mann-Whitney U (two groups). We analyzed LOS in the ICU and hos-
pital as a time-to-event variable in a Cox proportional hazards model to
evaluate for the immortal-time bias as previously described (27). We
performed logistic regression for predictors of good outcome. We were
unable to analyze the impact of delirium on the mRS with ordinal regres-
sion because the proportional odds assumption did not hold. QOL scores
were analyzed with mixed effects models because the repeated observa-
tions in a given patient are likely to be correlated from one assessment to
the next (i.e., QOL at 28 d and 3 mo are likely to be correlated in a given
patient); each instrument (fatigue, fine motor, and so forth) was consid-
ered separately. When QOL was reported by a proxy, we repeated the
model with QOL scores corrected for proxy report with data from Neuro-
QOL validation studies. We adjusted models for age and NIHSS, a pre-
viously accepted model for outcome prediction (20, 28). Calculations were
made with standard statistical software (SPSS v. 21; IBM, Armonk, NY).
A statistician from Neuro-QOL and the PROMIS Statistical Center who
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was not involved in the acquisition of data (J.L.B.) directed and reviewed
the statistical analysis.

RESULTS

Demographics of the sample are shown in Table 1. The popu-
lation was typical of those with ICH, and most had a history of
hypertension. Of 114 patients, 16 (14%) could never be assessed
for delirium because of persistent coma. These patients had
a greater severity of injury on admission (Table 2) and all were
dead by 28 days after ICH symptom onset; this left 98 patients
who could be assessed as ever or never delirious with the CAM-
ICU, of whom 31 (27% overall) were ever delirious.

Delirium symptoms were nearly always hypoactive. Only two
(2%) patients were ever very agitated (RASS 3, both of whom
were ever delirious) and another nine (8%) were ever agitated
(RASS 2, of whom five were ever delirious).

Timing and Duration of Delirium

Delirium symptoms were first detected 5.9 6 6.1 days after ICH
symptom onset, and after discharge from the ICU in five (16%).

Delirium symptoms were usually short lived, with most patients
delirious for 1 (n ¼ 16), 2 (n ¼ 3), or 3 (n ¼ 3) days.

Inpatient Medication Use

The doses of BZD used during the hospital stay are shown in
Table 2, and overall the use of any BZD was not associated
with delirium symptoms. Midazolam was usually given once
(in 32 [70%] of 46 patients), typically for a bedside procedure
(e.g., external ventricular drain placement). Most doses of
midazolam were not temporally related to delirium. Of the
14 patients who received midazolam and were ever delirious,
the first dose of midazolam was given more than 2 days before
the first delirium symptoms in six, within 2 days of the first delir-
ium symptoms in six, and more than 2 days after the first delirium
symptoms in two.

Other psychotropic medications were seldom used in assess-
able patients: quetiapine in five patients, risperidone and haloper-
idol in four patients, olanzapine in three patients, and diazepam in
two patients.

Length of Stay

LOS in the ICU and hospital were associated with delirium sta-
tus. In univariate analysis, patients who were ever delirious had
longer LOS in the ICU and the hospital overall compared with
patients who were never delirious (Figure 1, Table 2). When
hospital and ICU LOS were considered as time-to-event end-
points, patients who were ever delirious had longer LOS after
correction for the NIHSS, age, and any BZD use (P < 0.03 for
both). When considered as a time-dependent variable, delirium
symptoms in assessable patients was predictive of longer ICU
LOS (median, 2.1 d longer in ever vs. never delirious patients;
95% confidence interval [CI], 1.1–4.5; P ¼ 0.03) after correction
for age, admit NIHSS, and any BZD exposure. Delirium symp-
toms in assessable patients were also predictive of longer hos-
pital LOS (median 3.5 d longer in ever vs. never delirious

TABLE 1. DEMOGRAPHIC CHARACTERISTICS AT ADMISSION

Variable N (%) or Mean 6 SD

N 114

Age, yr 63.0 6 13.8

Ethnicity

White 58 (51)

African American 54 (47)

Asian 2 (2)

Women 52 (46)

History of diabetes 22 (19)

History of hypertension 86 (75)

History of atrial fibrillation 10 (9)

Coronary artery disease 14 (12)

Dementia 2 (2)

TABLE 2. POTENTIAL CLINICAL RISK FACTORS FOR DELIRIUM*

Variable Persistent Coma No Delirium Symptoms Delirium Symptoms

P Value for Three-Way

Comparison

P Value for Ever vs.

Never Delirious

N 16 (14) 67 (59) 31 (27)

NIH Stroke Scale on admission 29 (25 to 35) 6 (2 to 16) 8 (3 to 15) ,0.001 0.3

Age, yr 66.4 6 13.5 61.7 6 14.6 63.9 6 12.1 0.4 0.5

Length of stay in the intensive care unit 2.2 (0.6 to 6.3) 2.3 (1.1 to 6.7) 7.0 (3.4 to 10.2) ,0.002 0.001

Length of stay in the hospital 2.4 (0.6 to 6.3) 6.4 (4.0 to 13.2) 13.2 (7.9 to 24.2) ,0.001 0.001

Location

Subcortical 5 (31) 37 (55) 17 (55) 0.6 0.8

Lobar 5 (31) 20 (29) 9 (29)

Infratentorial 5 (31) 9 (13) 4 (13)

Other 1 (1) 1 (1) 1 (3)

Hematoma volume, ml 35 (15 to 72) 6 (1.4 to 15.8) 10 (3 to 29) ,0.001 0.1

Change in hematoma volume 1.5 (23.5 to 11.3) 0.1 (20.3 to 1.4) 20.4 (21 to 0.5) 0.3 0.1

Intraventricular hemorrhage 15 (94) 18 (27) 14 (45) ,0.001 0.07

Pneumonia 2 (13) 6 (9) 4 (13) 0.8 0.5

Ventilator-free days (maximum 14) 0 (0 to 0) 14 (6 to 14) 12 (6 to 14) ,0.001 0.3

Levetiracetam, total mg 1,500 (0 to 3,500) 0 (0 to 5,250) 0 (0 to 7,000) 0.01 0.9

Levetiracetam for prophylaxis 9 (56) 22 (33) 10 (33) 0.2 0.9

Phenytoin for prophylaxis 1 (6) 5 (8) 2 (7) 0.9 0.9

Seizure 1 (6) 4 (6) 0 0.4 0.2

Lorazepam, total mg 0 (0 to 2) 0 (0 to 1) 0 (0 to 1.5) 0.3 0.4

Midazolam, total mg 0 0 (0 to 0.5) 0 (0 to 3) 0.2 0.04

Any benzodiazepine use 6 (37) 31 (46) 19 (61) 0.2 0.2

Definition of abbreviation: NIH ¼ National Institutes of Health.

Data are N (%), mean 6 SD, or median (Q1 to Q3) as appropriate. The NIH Stroke Scale is a validated neurologic examination from 0 (no abnormality) to 42 (worst

possible score), with scores of 8 indicating a moderately severe deficit.

* Patients with persistent coma had large hematomas, severe neurologic injury, and a dismal prognosis. Among assessable patients the severity of neurologic injury,

age, hematoma volume, and so forth were similar.
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patients; 95% CI, 1.5–8.3; P ¼ 0.004) after correction for age,
admit NIHSS, and any BZD exposure.

Functional Outcomes among Assessable Patients

Among assessable patients at 14 days, those who were ever
delirious had a higher (worse) median NIHSS (11 [6–19] vs. 3
[1–14]; P ¼ 0.002) and a higher (worse) median mRS (5 [4–5] vs.
4 [2–5]; P ¼ 0.003). In multivariate models, being ever delirious

was associated with increased odds of poor outcome (mRS >3
vs. mRS <2) at 28 days (odds ratio [OR], 8.7; 95% CI, 1.4–
52.5; P ¼ 0.018) after correction for admission NIHSS (1.5 per
point; 95% CI, 1.1–1.9; P ¼ 0.003) and age (OR, 1.06 per year;
95% CI, 1.006–1.1; P ¼ 0.03). At 3 and 12 months, however,
only NIHSS was associated with good outcomes in multivari-
ate models.

QOL Outcomes

Of 78 patients known to be alive at 28 days, QOL data were avail-
able in 52 patients (66%). In univariate analysis, delirium was as-
sociated with worse QOL (lower score) in all domains of QOL
(Figure 2). After correction for age, NIHSS on admit, and any
BZD use, being ever delirious remained associated with worse
QOL in the domains of applied cognition – executive function
and fatigue (Table 3).

DISCUSSION

Delirium symptoms were common in this cohort of patients with
life-threatening brain injury despite the scarcity of infection and
minimal levels of sedation, delirium’s usual risk factors. The de-
tection of delirium symptoms in patients with acute ICH mean
6 days after ICH onset (not at the time of presentation, as one might
have expected) was independently predictive of mean 3.5-day lon-
ger ICU LOS, nearly nine times the odds of poor functional out-
comes at 1 month, and nearly a SD worse lower QOL in applied
cognition–executive function and fatigue. This independent effect
on functional outcomes (good vs. poor outcome) at 1 month, a re-
liable time for outcome assessment (22), is important given that it
was present after correction for NIHSS and age, strong predictors
of outcome in this population (28). These data underscore that
delirium symptoms, which may be overlooked because of ICH,
had implications for outcomes independent of the severity of the
underlying neurologic injury.

BZDs have been associated with delirium (12, 29) in general
ICUs with subsequent worse functional (8) and cognitive out-
comes (2, 30), but in these investigations BZDs were typically
infused and at much higher doses (5) than described here. Sev-
eral patients were treated several days after delirium was
detected, making causality questionable.

We did not confirm that older age and greater severity of in-
jury are risk factors (31). How to predict delirium symptoms

Figure 1. Unadjusted Kaplan-Meier plot of length of stay in the inten-

sive care unit (ICU). Lines are stratified by patients who had no delirium

symptoms (ND, solid line) or who had delirium symptoms (DS, stippled
line). In Kaplan-Meier analysis, delirium symptoms were associated with

median ICU length of stay of 7.0 (1.5–12.6) versus 2.4 (1.4–3.4) days

(P ¼ 0.02 by log-rank test).

Figure 2. Domain-specific quality of life (QOL) scores at

28 days, stratified by delirium. Patients with delirium had

poorer mean QOL in all domains. T scores from Neuro-
QOL are presented as SD below the mean compared with

the U.S. general population for ease of viewing. In mixed

models accounting all time-points of follow-up (Table 3),
delirium symptoms were associated with lower QOL in

the domains of applied cognition–executive function

and fatigue.

1334 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 188 2013



after ICH is not clear from these data because severity of injury
was not associated with delirium symptoms. There may be un-
measured characteristics of ICH that predict the later manifes-
tation of delirium; if detected, such characteristics might be
appropriately considered in ICH severity scores.

Partial or subclinical seizures are a potential underlying cause
of delirium because seizures after ICH (28) may alter conscious-
ness. Although prophylactic phenytoin use has been shown to
be associated with worse functional outcomes after ICH (20)
and worse cognitive function after SAH (32), we routinely min-
imized its use. Pneumonia was uncommon and not associated
with delirium in this cohort. Cerebral ischemia is common after
ICH (33, 34), might be an underlying risk factor for delirium,
and deserves future study.

Antipsychotic medication use may decrease the occurrence
and duration of hyperactive delirium (35, 36), but might depress
mental status. The brief duration of delirium in this population,
median 1 day, argues against standing orders for antipsychotic
medications, as recently recommended (15), and they were sel-
dom used in this cohort. Our findings are likely to apply most to
other patient populations who have hypoactive delirium.

Domain-specific QOL assessments at follow-up may be more
meaningful than functional outcomes. Patients who had delirium
symptoms in the hospital had worse QOL in particularly ap-
plied cognition–executive function and fatigue. Delirium’s
limited association with mobility is probably why delirium
was not associated with good functional outcome at 3 months
because the mRS is heavily linked with mobility. Although
there are data on cognitive dysfunction after delirium in gen-
eral (2) and SAH (37), these data demonstrate that Neuro-
QOL (and PROMIS, because they are similarly assessed)
measures are feasible to obtain in survivors of critical care,
and this may be a helpful standard for future outcomes re-
search. QOL data require somewhat more effort from a pa-
tient or proxy to report than the validated questionnaire for
the mRS. Proxy reporting is a potential source of bias in
dependent patients, although other validated tests obtain
QOL data by proxy in some cases (38), as we did here. Im-
portantly, QOL results were similar when data were cor-
rected for proxy reporting.

There are limitations to these data. Temporary alterations in
consciousness might be severe enough to preclude assessment
of CAM-ICU, but might resolve before delirium symptoms are
detected. Added to the relatively low sensitivity of the CAM-
ICU for delirium (39), this might artificially lower the apparent
incidence of delirium. If anything, this would mean that our
already striking findings could be an underestimate of the
strength of the relationships. Certain aspects of the CAM-
ICU, including test-retest reliability, have not been verified
specifically in ICH patients, but they have been tested and
found very strong in a large cohort of stroke patients. Taken

together, the strong and reproducible data on the validity and
reliability of the CAM-ICU in critically ill, mechanically ven-
tilated, and now stroke patients (7, 10) lend support to the
practice of screening for delirium symptoms in neurologically
injured patients. These data were collected in a specialty neu-
rologic ICU, and whether there would be different results for
patients in a medical ICU with ICH is not known. We did not
assess the implications of failure of other organ systems or
physiologic derangement on delirium symptoms. We did not
quantify cerebral edema or midline shift, which might also
alter mental status. Severity of delirium symptoms cannot be
assessed with the dichotomous CAM-ICU; whether another
cognitive assessment is valid and reliable for this is not clear.
Thus, this area of severity of symptoms is for now relegated to
an area of future research. Dementia is common in patients
with ICH and is associated with worse recovery, but was un-
common in this cohort. We did not record if the validated
interview for the mRS was with the patient or a caregiver,
nor the setting in which it was assessed. We took care to
choose covariates previously associated with outcomes, al-
though further studies with larger sample sizes and broader
variation in ICH severity and baseline health are needed to
confirm these results.

The terminology used to describe delirium in the literature
is a recurring limitation. We used the term “delirium symp-
toms” for consistency, although delirium likely represents
a spectrum of conditions that impair consciousness and atten-
tion. Our chosen terminology is a deliberate effort to be less
committal about the presence of the actual entity of delirium,
much like some papers in the field of post-traumatic stress
disorder sometimes adjudicate that a population had “post-
traumatic stress disorder symptoms” rather than a confirmed
diagnosis of post-traumatic stress disorder (40). Nearly all of
the delirium symptoms could also be referred to as “hypoac-
tive.” Neither of these terms, however, allows for valid and
reliable quantification and so would not likely enhance our
study objectives.

Several strengths to our methods warrant further comment.
Trained ICU nurses assessed delirium symptoms in our cohort
after several months of use, which has been shown to be highly
correlated with the reference standard in patients with ischemic
stroke (7), neurosurgical patients (41), and ICH (9). Research
nurses may have greater sensitivity than routine bedside assess-
ment but specificity remains excellent (39), so our reported
rates of delirium are, if in error, an underestimate. Delirium
symptoms were usually 1 day in duration, so frequent screening
is needed to detect it in most cases.

We found that symptoms of delirium were common after
acute ICH, usually hypoactive and brief in duration, and associ-
ated with longer LOS, subsequent worse functional outcomes,
and domain-specific QOL. The impact of delirium symptoms

TABLE 3. MIXED MODELS FOR QUALITY OF LIFE ASSESSMENT*

Neuro-QOL Instrument Domain Estimate 95% Confidence Interval P Value

Applied cognition executive function Ability to manage tasks involving finances, taking medications,

and so forth

5.8 0.15 to 11.5 0.045

Fatigue Difficulty starting or completing activities 7.4 1.7 to 13 0.01

Fine motor Fine motor function with the upper extremities 0.9 23.7 to 5.6 0.7

Mobility Mobility in a variety of settings 0.8 24.5 to 6.2 0.7

Definition of abbreviation: QOL ¼ quality of life.

The estimate is how much poorer T scores were for patients who were ever versus never delirious (i.e., patients who were never delirious had applied cognition–

executive function scores 5.8 points worse than those ever delirious; SD for all assessments is 10 points, so 5.8 points is 0.58 SD. We analyzed Neuro-QOL data at every

point of follow-up. Mixed models were constructed for each instrument individually controlling for National Institutes of Health Stroke Scale on admission, age, any

benzodiazepine use, and point of follow-up (28 d, 3 mo, and 12 mo). Results were similar when data were adjusted for proxy report.

*Delirium was independently associated with worse QOL in the domains of applied cognition–executive function, and fatigue at 1-, 3-, and 12-month follow-up.
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on longer LOS and worse outcomes indicates that further re-
search on the importance and mechanism of delirium symptoms
in this population (and other neurologically ill patients in the
ICU) should be routinely pursued. Only through such work
can we advance the knowledge of potentially modifiable aspects
of neurologic injury in these high-risk patients.

Author disclosures are available with the text of this article at www.atsjournals.org.
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