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Abstract

Introduction—Delirium predicts higher long-term cognitive morbidity. We previously identified
a cohort of patients with spontaneous intracerebral hemorrhage and delirium, and found worse
outcomes in Health Related Quality of Life (HRQoL) in the domain of Cognitive Function. We
tested the hypothesis that agitation would have additional prognostic significance on later
Cognitive Function HRQoL.

Materials and Method—Prospective identification of 174 patients with acute intracerebral
hemorrhage, measuring stroke severity, agitation, and delirium with a standardized protocol and
measures. HRQoL was assessed using the Neuro-QOL at 28 days, three months, and one year.
Functional outcomes were measured with the modified Rankin Scale.

Results—Among the 81 patients with health related quality of life follow up data available,
patients who had agitation and delirium had worse Cognitive Function HRQoL scores at 28 days
(T-scores for delirium with agitation 20.9 * 7.3, delirium without agitation 30.4 + 16.5, agitation
without delirium 36.6 £ 17.5, neither agitated nor delirious 40.3 £ 15.9, P=0.03), and at 1 year
(P=0.006). The effect persisted in mixed models after correction for severity of neurologic injury,
age, and time of assessment (P=0.0006), and was not associated with medication use, seizures or
infection.
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Conclusions—The presence of agitation with delirium in patients with intracerebral hemorrhage
may predict higher risk of unfavorable cognitive outcomes up to one year later.
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Introduction

Hospitalized patients with delirium have high morbidity and mortality, and there has been
increasing evidence of the particular impact on long-term cognitive function. (1-3)
Hyperactive, hypoactive, and mixed subtypes of delirium have been described both
historically and in DSM V, but there are limited data describing the prognostic implications
of motor subtypes on cognition. (4-9) The etiology of delirium can be complex, and its
varied pathophysiologic processes complicate study and can limit generalizability of
outcomes. (10) While most reports describe delirium in patients with global conditions such
as sepsis (11), focal brain injuries such as neurological disorders are common, and delirium
in this context is an interesting model because there is relatively limited systemic
inflammation, infection, or confounding medication administration. Delirium has been
demonstrated to be common in acute ischemic stroke, estimated at 11-50%, and presages
poorer functional outcomes. (12,13)

In the recent past, long term stroke outcomes research was based largely on motor
symptoms, but the NIH recently developed the Neuro-QOL (Neuro-QOL) and the Patient
Reported Outcomes Measurement Information System (PROMIS) to provide state-of-the-art
outcomes that reflect the perspective of patients and caregivers, (14,15) and these have been
validated against the current standard for outcomes assessment. Using these validated
measures on a cohort of patients with intracerebral hemorrhage (ICH, spontaneous bleeding
into brain tissue), we previously reported that patients with delirium had poorer functional
outcomes at 28 days, and worse Cognitive Function Health Related Quality of Life
(HRQoL) at 28 days, three months and one year than similar patients without delirium. (16)
We then hypothesized that motor agitation with delirium (hyperactive delirium) would have
additional prognostic significance.

Materials and Method

We prospectively identified 174 patients with acute ICH admitted from December 2009
through October 2014. All patients were diagnosed with ICH by a board-certified
neurologist using computed tomography. Patients were excluded if their ICH was
attributable to trauma, hemorrhagic conversion of ischemic stroke, or structural lesions
(aneurysm, tumor, arteriovenous malformation or vessel dissection). Patients received
nursing care with non-pharmacologic methods to prevent and address delirium, such as
frequent reorientation and employing the participation of loved ones, as part of hospital
protocol.

All patients with ICH were admitted to the Neuro/Spine ICU (NSICU) with a standardized
order set. We prospectively recorded baseline demographic, past medical history, clinical
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data, and follow-up data. (16) Electroencephalographic (EEG) monitoring was routinely
performed in unresponsive patients and interpreted by a board-certified epileptologist to
evaluate for the presence of subclinical seizures. We assessed patients with the National
Institutes of Health (NIH) Stroke Scale (NIHSS), a validated neurologic examination
ranging from 0 (no deficit) to 42 (worst possible score), with a score of 8 or more indicating
a moderately severe deficit. (17) We also assessed the ICH Score, a validated severity of
injury scale from 0 (least severe) to 6 (most severe). (18)

Delirium and Agitation Assessment

The Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) was used to
assess delirium, which has been validated for use in patients with acute stroke and
neurological injury, including ICH. (19,12) As previously noted, 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
consciousness or disorganized thinking as previously described.

Level of arousal was assessed using the Richmond Agitation-Sedation Scale (RASS). (20)
The RASS is scored from -5 (unresponsive) to +4 (combative, violent). For intubated
patients, NSICU protocol treatment goal was O (alert and calm) to -2 (briefly awakens with
eye contact to voice). A RASS of 2 (frequent non-purposeful movement or ventilator dys-
synchrony) or greater was considered to indicate agitation.

The CAM-ICU and RASS were assessed twice per day by trained nursing staff during
inpatient admission. CAM-ICU assessment and RASS assessment appear on the bedside
ICU nurse’s task list every shift and require a response. These methods have been previously
described. (16) We consider patients to have delirium with agitation if there was a positive
CAM-ICU and RASS of 2 or more at any pointduring the hospital stay. Delirium without
agitation indicates a positive CAM-ICU at any time with all RASS scores of less than 2
during the hospital stay. Agitation without delirium indicates a RASS of 2 or more, no
positive CAM-ICU assessments, and at least one negative CAM-ICU assessment during the
hospital stay, e.g., the patient could be assessed with the CAM-ICU at least once. If the
RASS remained less than 2 and all CAM-ICU were negative during the entirety of the
admission, the patient was considered neither agitated nor delirious. The CAM-ICU was
marked as “unable to assess” if the patient could not be assessed with the CAM-ICU during
the hospital stay due to unresponsiveness; if all CAM-ICU attempts were scored as “unable
to assess” this indicated permanent coma and a dismal prognosis (see Results).

Follow Up Assessments

We assessed HRQoL with Neuro-QOL, a validated set of self-reported or proxy-reported
measures that assess HRQoL for neurologic, oncologic and other health conditions. (14)
Neuro-QoL was developed alongside of the NIH Patient Reported Outcomes Measurement
Information System (PROMIS). (14,15) The Neuro-QoL domain of Cognitive Function
assesses difficulty with tasks such as balancing a checkbook, remembering a list of errands,
keeping track of important documents such as bills or insurance policies, and following
instructions for medications. Results are expressed as T scores, where a score of 50 is
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centered on the mean of the general U.S. population (standard deviation=10); e.g., a score of
40 indicates HRQoL in the domain of Cognitive Function one standard deviation below the
US population mean. Additional information regarding the development, validation and
psychometrics are available at www.nihpromis.org and www.neurogol.org.

Telephone interviews were available to patients without Internet access or by preference.
Neuro-QOL was separately validated for proxy report as part of its development, and we
have previously observed that correction for proxy report did not substantively change
results in this clinical scenario. (21,22) We assessed HRQoL outcomes with Neuro-QoL at
28 days, three months, and one year after ICH symptom onset as previously described, either
by the patient/caregiver on the web, or with study staff reading the questions and recording
the responses by telephone. (16) Medications administered to the cohort were electronically
retrieved.

The standard functional outcome score after stroke and ICH is the modified Rankin Scale
(mRS), a validated measure of overall disability scored from 0 (no symptoms) to 6 (death)
obtained by a structured interview. (23,24) A score of 2 or more indicates some motor
disability, and a score of 4 or more indicates dependence on others for all self care. Patients
or surrogates were queried at the time of admission about patient level of function
immediately prior to ICH for baseline mRS. The mRS was subsequently assessed with the
patient or a caregiver at discharge or at 14 days, and coincidentally with HRQoL assessment
28 days, three months and twelve months.

Standard Protocol Approvals, Registrations, and Patient Consents

The Institutional Review Board approved the study. Written informed consent was obtained
from all individual participants included in the study, either from the patient or a legally
authorized representative. The IRB issued an exemption from consent for patients who died
while in the hospital, and non-communicative patients for whom a legally authorized
representative could be not located.

Statistical Analysis

Differences in proportion were assessed with X2, using Fisher’s exact test when appropriate.
Differences among group means were assessed for statistical significance using analysis of
variance (ANOVA); multiple comparisons were corrected with the Least Significant
Differences technique when the omnibus F-test was statistically significant. Assessments of
continuous data normality were guided by histogram inspection and the Kolmogorov-
Smirnov test, with significant deviations from normality triggering non-parametric statistics.
When data were not sufficiently normally distributed, differences were assessed using the
Kruskal-Wallis or Mann-Whitney U tests, as appropriate. When estimating the effect of
agitation and delirium on T Scores of Cognitive Function HRQoL, we used mixed models to
account for the dependency among T-scores induced by repeated assessments within
individuals over time. Time of assessment was modeled as a fixed effect, and patients were
considered random effects; the model also controlled for age and stroke severity measured
with the NIH Stroke Scale as previously described. (16, 25) We have previously found that
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using the ICH Score (a composite score of ICH severity) rather than NIH Stroke Scale and
age leads to unstable models. (26)

We carried out logistic regression on predictors of no disability (defined as mRS 0 or 1, as
previously described). (16) We were unable to analyze the impact of delirium on functional
impairment, measured with the mRS, with ordinal regression because the proportional odds
assumption did not hold.

With 15 patients in each of the four groups, we anticipated 80% power to detect a 5 point
difference in T Scores using mixed effects models (PASS v.12, NCSS Inc, Kaysville, UT).
The analysis was carried out using standard statistical software (SPSS v. 21; IBM, Armonk,
NY; NCSS v. 9, NCSS Inc., Kaysville, UT). A statistician from Neuro-QoL and the
PROMIS Statistical Center who was not involved in the acquisition of data (J.L.B.) directed
and reviewed the statistical analysis, with additional review for accuracy by author (RA).

Demographic data are shown in Table 1. Of 174 enrolled patients, 150 were assessable using
the CAM-ICU during the hospital stay and were considered “ever-assessed.” The other 24
patients were never assessable due to neurologic injury from ICH, and all were dead at 28
days. NIHSS and ICH in patients with follow up data had less severe ICH and NIHSS
scores. Of the 150 ever-assessed patients, 53 (30%) patients had delirium (e.g., at least one
CAM-ICU assessment was positive, “ever delirious™) and 97 (56%) were never delirious
(e.g., all assessable CAM-ICU assessments were negative). Of the total cohort, 146 (84%)
had a mRS of 0 (no symptoms) at baseline prior to ICH.

Of the 150 patients that were ever-assessed, 81 had HRQoL follow up data. As in Table 1
and Figure 1, agitation and delirium measures for the 81 patients with follow up data for one
year were as follows: Neither agitated nor delirious (CAM ICU-/RASS-) = 47 (58%);
Delirium without agitation (CAM ICU+/RASS-) = 18 (22%); Agitation without delirium
(CAM ICU-/RASS+) =5 (6%); Delirium with Agitation (CAM ICU+/RASS+) = 11 (14%).

As agitation is a component of the CAM-ICU and is generally considered indicative of
delirium, we tested the hypothesis that agitation and delirium were associated. As expected,
there was an association between agitation (RASS = 2) and delirium (positive CAM-ICU,
Likelihood ratio 6.4, p=0.01). Thus, it would be inappropriate to consider these variables as
independent in subsequent analyses.

T scores for Cognitive Function HRQoL were significantly different at 28 days and one year
(Table 2) between categories of delirium and agitation, with the worse scores in patients who
had delirium with agitation.

In mixed models, the summary variable for delirium with agitation (delirium with agitation,
agitation without delirium, delirium without agitation, neither agitated nor delirious) was
associated with T Scores for Cognitive Function HRQoL (p=0.0006) after controlling for
age (p=0.2 per year, 95%CI 0.02 - 0.4, p=0.02), NIHSS (1.3 per point, 95%CI 0.9 - 1.7,
P<0.0001) and time of assessment. After correction for multiple comparisons, patients who
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had delirium with agitation had significantly worse T Scores in Cognitive Function HRQoL
than the three other categories (p=0.006). We repeated the analysis classifying delirium and
agitation as independent variables with an interaction term for delirium * agitation, and
found similar results (i.e., the interaction term was significant, p=0.003, indicating that the
combination provided additional predictive accuracy in the model).

As might be expected, there was a bias in that patients who did not have HRQoL
measurements at follow-up were more likely to be dead than those with follow up data
(p<0.001). Of the 69 patients without HRQoL follow-up data available, 60 died. Most
mortality was early: 35 were dead by 14 days, an additional 11 were dead at 28 days, an
additional eight were dead at three months, and the remainder were dead at one year. Of 81
patients with HRQoL data available, 34 were completed by telephone with study staff via
interview, 24 by the patient on the Internet, and the remainder by a family member/caregiver
on the internet, i.e., most HRQoL data was entered (47 of 81, 58%) by the patient or a
family member/caregiver without assistance from study staff.

Patients who had delirium with or without agitation had a higher (worse) functional
impairment, measured with the mRS, at 28 days (134 patients assessed at 28 days) compared
to those who were not delirious, 4 [4 — 5] vs. 3 [2 — 4] (p=0.03). All patients who
experienced delirium with agitation (i.e., positive CAM-ICU and RASS = 2) had a mRS
score of 2 or more at 28 days compared to other categories of CAM-ICU and RASS
assessments (p=0.01).

To exclude the possibility that severity of neurologic injury would confound the
classification of delirium with agitation, we compared the ICH Score between categories of
agitation and delirium. The ICH Score was not different between the categories of agitation
and delirium (p=0.3 by Kruskal-Wallis test), nor was the initial NIH Stroke Scale (a
standardized neurologic examination, p=0.2 by Kruskal-Wallis test), nor age (p=0.8 by
ANOVA).

Because time on the ventilator is potentially associated with more sedation and a higher risk
of delirium, we compared the number of ventilator-free days (days the patient was alive and
breathing without mechanical assistance) between categories of delirium with agitation.
There was no significant difference in ventilator-free days between groups (p = 0.2). Among
assessable patients, the median number of ventilator free days was 14, i.e., assessable
patients typically did not require mechanical ventilatory support from the first 14 days after
ICH onset.

Further, we compared the use of medications that might be associated with delirium with
agitation. As noted in Table 3, midazolam, fentanyl, diazepam, phenytoin and levetiracetam
administration was not different between groups. Benzodiazepines were sparingly used, if at
all. As would be expected, more haloperidol was administered to patients that were
classified as having delirium with agitation, although doses were modest, cumulatively
under 2 mg. Of the six patients who received haloperidol, four had delirium with agitation,
one had agitation without delirium, and one was neither agitated nor delirious. There was no
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association between haloperidol administration and T Scores for Cognitive Function HRQoL
(p=0.6).

Conclusion

We found that survivors of ICH who had delirium with agitation had worse T Scores in
Cognitive Function HRQoL up to a year after ICH than patients who had delirium without
agitation, or patients without delirium. These data demonstrate that agitation could have
additional prognostic implications for long term Cognitive Function HRQoL. (16)

While most patients with agitation were also classified as having delirium symptoms, the
small number of patients who had agitation without delirium requires further study and
clarification. The presence of agitation is also assessed within the CAM-ICU, and is thus a
component of the diagnosis of delirium, although not an essential one in the scoring
algorithm. (19, 27) In this study, “agitation without delirium” signifies an elevated RASS
without corresponding positive CAM-ICU assessment, likely indicating the patient was able
to complete an attention task despite agitation. Underscoring the general acceptance that
agitation and delirium are related to each other, and acknowledging that agitation and
delirium symptoms were correlated in our data, we analyzed agitation and delirium as one
variable (delirium with agitation, delirium without agitation, etc.) rather than as two separate
variables. (Accounting for agitation and delirium separately revealed a significant interaction
between them.) Further validated ICU measurements for subtypes of delirium might be
helpful, although other evidence based delirium assessments such as the ICDSC usually
agree with the CAM-ICU. (28)

In a large study of four intensive care units, patients with hypoactive delirium had better
cognitive HRQoL than those with other delirium subtypes, similar to the results described
here. (29) A positive CAM-ICU prompted treatment with haloperidol per their protocol. The
effect of haloperidol on Cognitive Function HRQoL in our patient population is not clear, as
we had too few patients treated with haloperidol for a meaningful analysis. Our study also
found different frequency of motor subtypes than their population of surgical and trauma
critical care patients. (7)

Acute confusion due to seizure activity could be misdiagnosed for delirium, however, we
found few patients with seizures despite routine EEG monitoring, making this unlikely.
Additionally, seizure medications were not associated with agitation or delirium in this
cohort. Seizures are common after ICH, and additional EEG patterns and the incidence of
delirium would be of interest and are a topic for future research. (30)

There are several important limitations to these data. Patients all had ICH, which may limit
generalizability to other clinical scenarios. The CAM-ICU and the RASS, however, have
been previously shown to be assessable in neurologically injured patients as well as medical/
surgical ICU populations, (13, 20) and our results broadly agree with previous work
covering multiple ICUs. While Neuro-QoL measures could not be administered to a
substantial number of patients, this was generally due to death, an all-too-common
consequence of ICH. This may bias our results toward patients with less severe ICH. We do
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not have data specifically measuring baseline neurocognitive performance in our population,
although the large majority of patients were asymptomatic prior to ICH (i.e., baseline mRS =
0 prior to ICH), so widespread cognitive decline prior to ICH is highly unlikely in our
cohort. Caregivers sometimes reported Neuro-QoL outcomes on behalf of a patient unable to
report for him/herself, however, Neuro-QOL measures were validated for proxy report as
part of their development, and this did not meaningfully impact our results. (17, 23)

It is possible that we missed some delirium, which may be underdiagnosed, especially for
patients without agitation; our study utilized trained nursing staff and obtained rates of
delirium consistent with other reports. (30,31) More patients might have been classified as
delirious if the CAM-ICU were assessed more frequently, but it is also possible that delirium
lasting less than twelve hours may be less likely to effect outcomes. Delirium in patients
with ICH is typically short lived, usually a single day, as opposed to several days of delirium
in many medical and surgical ICU patients. (1,32)

The location of a brain lesion might make the development of delirium more or less likely.
Right-hemisphere subcortical white matter, superior longitudinal fasciculus and
parahippocampal gyrus, indicated increased odds of delirium in patients with ICH (OR=13,
95 % CI 3.9-43.3, P < 0.001). (33)

Neuro-QoL assesses patient- and caregiver-reported HRQoL for Cognitive Function and
other specific domains of HRQoL. These outcomes are complementary to traditionally
obtained functional outcomes such as the mRS and highlight the patient’s ability to complete
cognitive tasks of daily independent life, such as balancing a checkbook, running errands
and planning for events out of the routine. While we found that all patients who had delirium
with agitation had some level ofmotor disability, HRQoL provides additional insights to
outcomes that might be missed by a summary scale. (34)

Conclusions

Delirium with agitation, as determined by standard rating scales, was independently
predictive of worse Cognitive Function HRQoL up to a year later in survivors of ICH. The
presence of agitation in addition to delirium may have important diagnostic and prognostic
implications, and measures of agitation should be considered in future research on delirium.
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174 Total
Never Assessed Ever Assassed
24 (14) 150 (86)
Dead at 28 days
No NeuroQolL NeuroQolL
69 (46) 81 (54)
Deac Fcl)-ltl)gflvtap
7
60 (87) 9 (13)
Delirium Delirium Agitation Neither
with without without Agitated nor
Agitation Agitation Delirium Delirious
11 (14) 18 (22) 5 (6) 47 (58)
Figure 1.
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Table 1
Demographics

Variable All Patients | NeuroQoL Patients | P value
N 174 81
Age (mean) 63.5 61 0.1
Women 82 (47) 33 (41) 0.2
Race/Ethnicity
African-American 75 (43) 28 (35) 0.1
Caucasian 81 (47) 42 (52)
Other 18 (10) 11 (14)
NIHSS on admit 11 7 0.02
GCS on admit 13.5[8-15] | 14 [13-15] 0.01
Comatose on admit (GCS<=8) 49 (28) 8 (10) <0.00001
Comorbidity
CAD 19 (10) 6 (7)
Atrial fibrillation 13 (7) 3(3)
Hypertension 127 (73) 61 (75)
Diabetes mellitus 30 (20) 12 (15)
Delirium/Agitation 0.0002
CAM ICU-/RASS- Neither agitated nor delirious | 83 (48) 47 (58)
CAM ICU+/RASS- Delirium without agitation 36 (21) 18 (22)
CAM ICU-/RASS+ Agitation without delirium 14 (8) 5 (6)
CAM ICU+/RASS+ Delirium with Agitation 17 (10) 11 (14)
Never Assessable 24 (14) 0

Page 13

Data are N (%) or median [Q1 — Q3] as appropriate. Patients who were never assessable were all dead by 28 days, and thus had no HRQoL scores.
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Agitation and ICH Contingency Table for patients with follow up Neuro QoL data

Table 4

RASS (-) RASS (+)
CAM () | Neither agitated nor delirious | Agitation without delirium
CAM (+) | Delirium without agitation Delirium with agitation
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