Palliative and Supportive Care (2015), 13, 187—196.
© Cambridge University Press, 2013 1478-9515/13
doi:10.1017/5147895151300093X

A longitudinal study of delirium phenomenology
indicates widespread neural dysfunction
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ABSTRACT

Objectives: Delirium affects all higher cortical functions supporting complex information
processing consistent with widespread neural network impairment. We evaluated the relative
prominence of delirium symptoms throughout episodes to assess whether impaired
consciousness is selectively affecting certain brain functions at different timepoints.

Methods: Twice-weekly assessments of 100 consecutive patients with DSM-IV delirium in a
palliative care unit used the Delirium Rating Scale Revised-98 (DRS-R98) and Cognitive Test for
Delirium (CTD). A mixed-effects model was employed to estimate changes in severity of
individual symptoms over time.

Results: Mean age = 7 0.2 4+ 10.5 years, 51% were male, and 27 had a comorbid dementia. A
total of 323 assessments (range 2—9 per case) were conducted, but up to 6 are reported herein.
Frequency and severity of individual DRS-R98 symptoms was very consistent over time even
though the majority of patients (80%) experienced fluctuation in symptom severity over the
course of hours or minutes. Over time, DRS-R98 items for attention (88—100%), sleep—wake
cycle disturbance (90—100%), and any motor disturbance (87—100%), and CTD attention and
vigilance were most frequently and consistently impaired. Mixed-effects regression modeling
identified only very small magnitudes of change in individual symptoms over time, including
the three core domains.

Significance of results: Attention is disproportionately impaired during the entire episode of
delirium, consistent with thalamic dysfunction underlying both an impaired state of
consciousness and well-known EEG slowing. All individual symptoms and three core domains
remain relatively stable despite small fluctuations in symptom severity for a given day, which
supports a consistent state of impaired higher cortical functions throughout an episode of
delirium.
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INTRODUCTION

Delirium is common, occurring in approximately one
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et al., 2009; Franco et al., 2010), and those receiving
intensive (Ely et al., 2004) and palliative care treat-
ment (Breitbart & Alici, 2008; Irwin et al., 2008;
Barnes et al., 2010). Delirium is a significant inde-
pendent predictor of poor outcomes, including elev-
ated morbidity and mortality (MacLullich et al.,
2009; Kiely et al., 2009; Breitbart & Alici, 2012).

Delirium is a state of impaired consciousness af-
fecting all higher cortical functions and implicates
neural network information processing abnormal-
ities despite intact brainstem function (Schiff &
Plum, 2000). The position of the thalamus as the
gateway between brainstem and cerebral cortex and
its dysfunction measured by generalized slowing on
the EEG implicate the thalamus in disruption of
neural networks required for attention and other
functions (Trzepacz, 1994; Trzepacz et al., 1998; Trze-
pacz, 1999; Gaudreau et al., 2005; Boettger et al.,
2009; 2011). Delirium is an alteration of conscious-
ness on a continuum with normal at one end and stu-
por and coma at the other; these latter conditions
exhibit loss of consciousness and complete failure of
arousal without an intact sleep—wake cycle. Emer-
gence from coma usually includes a period of
delirium until normal consciousness occurs. A mini-
mally conscious state is characterized by partial pres-
ervation of consciousness with an intact sleep—wake
cycle, and can progress to delirium in patients who
recover. Delirium is distinguished from coma by its
intact, though abnormal, cognition and sleep—wake
cycle and less severe degree of EEG slowing, consist-
ent with poorly gated neurotransmission from the
brainstem to support normal cortical functions. De-
lirium is distinguished from other psychiatric dis-
orders (e.g., catatonia, retarded depression) by its
breadth of symptoms reflecting serious dysfunction
of multiple brain regions and circuits supported by
EEG slowing. Whether all delirium symptoms per-
sist together throughout an episode — and therefore
the impaired state of consciousness — is inade-
quately studied.

In addition, delirium comprises disturbances of
cognition, impaired higher-order thinking, and a
range of neuropsychiatric symptoms that include
altered sleep—wake cycle and motor activity pat-
terns, and psychosis, where attentional deficits are
cardinal (Meagher & Trzepacz, 2009). Cross-sec-
tional phenotype work from our and several other re-
search teams supports the existence of three core
domains of symptoms, which may inform the under-
lying neuropathogenesis as being both cortical and
diencephalic — attention/other cognition, circadian
(sleep—wake cycle and motor activity), and higher-
level thinking (semantic language, thought process,
and executive function) (Meagher et al., 2007; Mea-
gher & Trzepacz, 2009; Franco et al., 2009; Kean
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et al., 2010; Jabbar et al., 2011; Mattoo et al., 2012).
Surprisingly few longitudinal studies have been re-
ported, and we lack an understanding of how cogni-
tive and noncognitive elements relate to each other
over time. Previous work has found great heterogen-
eity in the temporal duration of delirium (Rudberg
et al., 1997; Fann et al., 2005; Sylvestre et al.,
2006). Detailed study of the course of individual
symptoms can clarify whether delirium symptoms
follow a similar trajectory over time or if different el-
ements follow separate courses, perhaps reflecting
varying underlying pathophysiological processes.
Moreover, identifying symptoms that are more stable
and reliably present over the course of an episode
should improve detection and diagnosis.

The present study is a longitudinal study of con-
secutive patients developing delirium in a palliative
care setting who underwent detailed serial phenom-
enological assessments over the course of their epi-
sodes of delirium with the aims to identify: (1)
which symptoms are most consistent in their fre-
quency and severity during the course of episodes,
(2) the pattern of symptom fluctuation during an epi-
sode, including the estimation of the rate of change,
and (3) how the three core domains evolve over time.

METHODS

Subjects and Design

One hundred consecutive patients at a palliative care
inpatient service at Milford Care Hospice with DSM-
IV (APA, 1994) delirium were recruited. Patients
were not included if they were imminently dying or
where their circumstances were too difficult to allow
assessment (as per the opinion of the treating medi-
cal team), which resulted in exclusion of approxi-
mately 10% of potential recruits. The presence of
DSM-IV criteria were ascertained by the liaison psy-
chiatry team. All patients were screened with the
Confusion Assessment Method algorithm (CAM) (In-
ouye et al., 1990) within 24 hours of admission by the
medical team, who were trained in the use of the
CAM to supplement routine case finding for delir-
ium. Assessment of cognitive items was provided by
an objective instrument, the Short Orientation Mem-
ory Concentration Test (Katzman et al., 1983).

Scales/Measurements
Revised Delirium Rating Scale (DRS-R98)

The DRS-R98 is the most widely used instrument to
measure symptom severity in delirium and is useful
as a diagnostic and a severity assessment tool (Trze-
pacz et al., 2001). It is a 16-item clinician-rated scale
with 13 severity items and 3 diagnostic items
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(temporal onset of symptoms, fluctuation of symp-
toms, physical disorder) and is a valid measure of de-
lirium severity over a broad range of symptoms. The
13-item severity section can be scored separately
from the 3-item diagnostic section; their sum consti-
tutes the total scale score. The severity of individual
items is rated from O to 3 points. Thus, DRS-R98 se-
verity scale scores range from 0 to 39, with higher
scores indicating more severe delirium and a cutoff
score of >15 consistent with a diagnosis of delirium.
The total scale can be scored initially to enhance
differential diagnosis by capturing characteristic fea-
tures of delirium, such as acute onset and fluctuation
of symptom severity (maximum score 46). All items
are anchored by text descriptions as guides for rating
along a continuum from normal to severely impaired.
It has high interrater reliability, validity, sensitivity,
and specificity for distinguishing delirium from
mixed neuropsychiatric populations, including de-
mentia, depression, and schizophrenia.

Cognitive Test for Delirium (CTD)

This is a relatively brief (15—20 minutes) test of neu-
ropsychological function that emphasizes visual abil-
ities and is suitable for assessing a broad range of
patients, including those who are intubated or cannot
speak (Hart et al., 1996). It was originally developed
for use in severely ill ICU patients. The subject’s re-
sponses to all items are nonverbal (pointing, nodding
head, raising hand). It allows the assessment of five
neuropsychological domains (orientation, attention,
memory, comprehension, vigilance) and generates a
score between 0 and 30, with higher scores indicating
better cognitive function. An optimal cutoff score to
discriminate delirium from other disorders is 19;
however, it can be used as a continuous, unidimen-
sional measure of cognition in delirium. It reliably
distinguishes delirium from dementia, schizo-
phrenia, and depression.

Delirium Etiology Checklist (DEC)

This checklist is employed to categorize all sources of
clinical information, including laboratory results,
about different body areas that are abnormal so as
to standardize the multifactorial assessment of delir-
ium etiology (Meagher & Trzepacz, 2009). Twelve cat-
egories are then rated for their degree of potential
likelihood as contributing etiologies for the delirium.
Each etiological category is rated on a 5-point scale
ranging from ruled out (0), present but apparently
not contributory (1), present and possibly contribu-
tory (2), likely cause (3), or definite cause (4), and it
allows for multiple concomitant causes as contributing
etiologies for delirium. We analyzed categories rated
as either 3 or 4.
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Procedures

Demographics, estimated duration of delirium at re-
ferral, and psychotropic drug exposure at the time of
assessment were documented for each patient. De-
mentia due to various causes was defined as the pres-
ence of persistent cognitive impairment for at least
six months prior to the assessment and per DSM-
IV criteria based on all available information at the
time of initial assessment, including clinical case
notes and collateral history from family and/or car-
ers. Those patients who had DSM-IV delirium were
assessed twice weekly. At the time of assessment,
each patient’s medical and nursing charts were re-
viewed to obtain information regarding sleep, motor
disturbances, and possible psychotic experiences.
Collateral information was obtained, as recommended
by the DRS-R98 training manual, from nursing and
medical staff in addition to relatives in order to score
particular items. All sources of information from these
sources were used to rate items. The initial assess-
ment was labeled time 1 (t;), with subsequent assess-
ments similarly noted. Assessments were conducted
by research psychiatrists trained in the use of the
DRS-R98 and CTD (DM or ML), and, to further en-
hance reliability, difficult ratings were discussed and
rated by consensus between both raters.

Informed Consent

The procedures and rationale for the study were ex-
plained to all patients, but because the majority
had an index episode of delirium at entry, most
were not capable of giving informed consent. Because
of the noninvasive nature of our study, the Limerick
Regional Ethics Committee approved patient verbal
assent augmented by proxy consent from next of
kin (where possible) or a responsible caregiver. This
is in accordance with best practices as outlined in
the Helsinki guidelines for medical research involving
human subjects (World Medical Association, 2004).

Statistical Analyses

Data analysis was conducted utilizing SPSS (IBM),
version 19. Continuous variables for demographic
and rating scale scores were expressed as means
and standard deviations (SD). The summary stat-
istics of variation related to all data recorded, but
due to the small numbers involved in the final three
assessments (t;—tg), all other analyses (including the
mixed-effects model) were based on data recorded in-
clusive of assessments up to and including the sixth
assessment (tg), for a total of 311 visits.

A linear mixed-effects model was utilized to inves-
tigate the rate of the mean change in delirium symp-
toms over the course of the episode and the


https://doi.org/10.1017/S147895151300093X

190

contribution of each symptom to the total DRS-98R
severity score over time. It is an attractive statistical
test for analysis of longitudinal data (Hedeker &
Gibbons, 2006), including patients with delirium
(Adamis, 2009), because it provides valid estimates
even if the longitudinal data are imbalanced, such
as if the number of assessments for each patient dif-
fers or the time interval between assessments varies.
Furthermore, mixed-effects models handle missing
data without introducing bias with the only assump-
tion that missing data are missing at random, thus
allowing use of all datapoints for all patients in the
analysis. Little’s MCAR test indicated that there
was no systematic pattern of missing values in the
dataset [} = 119.5; df = 219; p = 1.0].

RESULTS

Demographic and Clinical Characteristics

Patients’ mean age was 70.2 4+ 10.5 years (range 36—
90), 49% were female, and 27% had dementia.
Though a total of 323 assessments (range 2—9) took
place, only 311 (the first 6 visits) are reported here
due to the small numbers at later visits, where n =
100 at t; and te, n =57 at t3, n = 27 at t4, n = 16 at
ts, n = 11 patients at ts n =7 at t7, and n < 4 for tg
and tg. Reasons for discontinuing assessments were
death (n = 55), recovery (n = 30), declined (n = 12),
and discharged (n = 3).

Mean DRS-R98 total score was 20.2 + 5.9 and
mean CTD score was 13.8 + 8.0 over 311 assess-
ments. Mean number of etiological categories per
patient was 2.7 4+ 1.5 (range 1-7) during the entire
course of their episodes, where the most common
were metabolic or endocrine disturbance (62%), sys-
temic infection (55%), and drug intoxication (41%).
A category determined to be likely related to delirium
was counted only once per patient per episode even if
it persisted over more than one assessment. Mean
age for those with comorbid dementia was 72.9 4+
8.2 and for those with “pure” delirium 68.8 + 11.2.
There was no statistical difference between those
patients with comorbid dementia (n = 27) and those
with “pure” delirium (n=73) for age (¢ test,
t=—1.60, df=98, p=0.113), sex (}* test, x*=
0.307, df=1, p=0.58), mean number of assess-
ments (¢ test, t = —0.811, df = 98, p = 0.42) or etiolo-
gical scores (¢ test, t = —0.607, df = 98, p = 0.545).

Medication use was considerable — all identified
cases were receiving medications (mean number of
medications = 10.3 + 3.2 per case over all assessments;
range 2—20). The use of psychoactive medications over
the course of episodes was as follows: 87% received
opioids, 76% antipsychotics, 72% benzodiazepines,
54% corticosteroids, and 1% psychostimulants.
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Delirium Phenomenology

Frequency (%) and severity (mean + SD) of individ-
ual delirium symptoms as rated on the DRS-R98 are
shown in Table 1 for each assessment. The most com-
mon and consistent DRS-R98 symptoms present (at
any severity) over time were: inattention (88—
100%), sleep—wake cycle disturbance (90—100%),
and any motor disturbance (87—100%), while delu-
sions and hallucinations occurred least frequently
(both <50% at all assessments). Next most frequent
were language/thought process abnormalities and
other cognitive domains. The visual pattern of DRS-
R98 severity item mean scores graphed over six time-
points during delirium shows remarkable consistency
during the episodes (Figure 1, radar graph).

According to the DRS-R98 item for symptom fluc-
tuation, 80% of patients experienced some degree of
symptom fluctuation over time. More specifically,
when considered over all six assessments, symptom
fluctuation was rated as being over minutes in 15%
and over hours in 65% of all assessments. Of note,
20% did not have recognizable symptom fluctuation
over the assessment period.

Patients with so-called “pure” delirium were
compared with those with comorbid delirium and de-
mentia in terms of severity as calculated with the
DRS-R98 over the full course of the delirium episode.
This did not indicate any statistically significant
differences (¢ test, t = 0.74, df = 306, p = 0.94).

The mean severity and frequency scores for the five
CTD domains (Table 2) reflect the findings obtained
with the DRS-R98 where attention and vigilance
were most affected. Additionally, when graphed over
time (Fig. 2), cognitive domains showed quite consist-
ent trajectories, with attention and vigilance the most
severely and consistently impaired over time.

We also examined the longitudinal patterns for the
three core domains using the DRS-R98 severity scale
items. Item values were summed and averaged to
represent these domains as follows: #9 through 13
for cognitive; #1, 7, and 8 for circadian; and #5 and
6 for higher-level thinking (Fig. 3). The mean core do-
mains showed a consistent trajectory over time.

Linear Mixed Effect Model

To investigate the change in each individual symptom
of the DRS-R98 and the significant contribution of
each symptom to total DRS-R98 scores across time,
a linear mixed-effects model was constructed. In the
initial model, subjects were used as a random effect,
time as a repeated variable, and each individual
symptom and the interaction of each symptom by
time as covariates, while time again was used as a fac-
tor variable. The fitted model makes the assumptions
that the pattern of change over time is linear and that
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Table 1. DRS-R98 severity (mean + SD) and frequency (%) (symptom present at any severity) of delirium
symptoms at each assessment time (t) and for all assessments aggregated

tl tz t3 t4 t5 t6 All Visits
DRS-R98 n =100 n =100 n=>57 n =27 n=16 n=11 n =311

Sleep—wake cycle 1.6+ 0.8 1.7+ 0.7 1.7+ 0.9 20+05 1.7+ 0.9 1.9+ 0.5 1.7+ 0.8
disturbance 92% 97% 90% 100% 94% 100% 95%

Perceptual 1.0+1.2 0.8+1.1 0.8+1.2 0.8+1.1 0.6 +1.2 1.2+1.5 09+11
disturbances 46% 45% 42% 41% 31% 46% 43%

Delusions 05+ 09 04+0.8 0.4+038 04+10 0.2+0.8 0.3+0.7 0.4+09
29% 23% 24% 15% 6% 18% 23%

Affective ability 0.8+ 0.8 0.8+ 0.8 0.6 £ 0.8 0.5+ 0.7 04+05 0.6 + 0.6 0.7+ 0.8
56% 54% 41% 41% 38% 55% 50%

Language 1.1+0.8 1.0+ 0.9 1.2+ 0.9 1.2+1.0 1.0+1.0 1.3+0.8 1.1+0.8
77% 70% 78% 74% 63% 82% 74%

Thought process 14+1.0 14+1.1 14+11 15+12 1.1+ 1.0 1.4+0.9 14+1.0
abnormalities 81% 73% 76% 78% 69% 82% 77%

Motor agitation 1.0+ 0.9 0.8+0.8 09+1.0 1.1+0.9 09+09 1.0+ 0.9 0.9+0.9
62% 57% 52% 67% 63% 73% 58%

Motor retardation 1.0+ 0.8 1.1+0.9 1.2+ 0.9 1.2+ 0.9 1.1+0.7 1.4+0.9 1.1+ 0.9
68% 69% 76% 74% 81% 82% 71%

Orientation 1.3+0.8 1.3+0.9 14+0.9 1.5+0.8 1.5+0.9 1.6 +0.7 1.3+0.8
81% 75% 80% 89% 88% 100% 81%

Attention 2.0+09 2.0+1.0 20+1.1 22+1.0 21409 1.8+1.0 2.0+1.0
97% 91% 88% 93% 100% 91% 93%

Short-term memory 16+1.1 1.6+1.2 1.7+ 1.1 1.7+1.1 16+1.1 1.5+1.0 16+1.1
81% 78% 81% 85% 81% 82% 81%

Long-term memory 1.2+0.9 1.3+ 1.0 14+11 14+1.0 1.5+ 0.7 09+0.8 1.3+1.0
77% 72% 72% 82% 94% 64% 75%

Visuospatial ability 19+1.1 19+1.1 20+11 20+1.0 2.1+0.8 1.8+1.2 1.9+ 1.0
88% 88% 85% 93% 94% 82% 88%

Temporal onset 1.8+0.8 1.5+ 0.7 1.2+ 0.7 1.1+ 0.6 1.1+0.5 0.7+ 0.5 1.5+0.8
99% 93% 87% 93% 93% 73% 93%

Fluctuation of 1.1+ 0.6 0.9+0.6 0.9+0.6 1.0+ 0.6 09+05 0.6 +0.5 09+04
symptoms 83% 78% 78% 81% 86% 64% 80%

Physical disorder 1.6 +0.5 1.6 £ 0.5 1.5+0.5 1.5+ 0.6 1.6+ 0.5 1.4+0.5 1.6+ 0.5
100% 98% 100% 96% 100% 100% 99%

DRS-R98 total 204 +6.3 19.6 £ 7.7 20.3 +8.8 20.3 +8.0 20.6 + 5.6 19.3 + 8.4 20.2+5.9

the correlation matrix is heterogeneous first-order
autoregressive. These two assumptions were tested
by examining the residuals for normal distribution
and using the Akaike Information Criterion (AIC)
as indicative of the best-fitting model under different
correlation matrix assumptions. The validity of these
assumptions was adequate for the data. The initial
full model had an AIC equal to 822.18. By sequen-
tially removing individual items from the model
that were nonsignificant and on each occasion exam-
ining the resulting AIC (lower AIC indicating better
fit), the most parsimonious model was identified (pre-
sented in Table 3). This final model has an AIC of
635.57 with residuals of normal distribution (Kolmo-
gorov—Smirnov test, Z = 1.030, p = 0.239). As can be
seen from this table, all individual symptoms were
relatively stable across time (i.e., their interaction
with time did not have significant effects and thus
were dropped from the final model), with the excep-
tion of delusions that contributed significantly across
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time. This suggests that the severity of individual
DRS-R98 items is relatively stable for individual
patients when measured over sustained timeframes
(three days). Similarly, time was a significant factor
only for the first two assessments (one week), indicat-
ing that DRS-R98 scores were not significantly
altered beyond this point. However, all symptoms sig-
nificantly contributed to DRS-R98 scores across time.
Temporal onset of symptoms item was not included
because it is only logical to rate it at the first assess-
ment with the score carried forward for subsequent
ratings on the DRS-R98 total scale.

DISCUSSION

This longitudinal observational study of delirium in-
volved detailed phenomenological assessments using
validated tools specific to delirium. Previous serial
assessment studies have explored symptoms in the
delirium prodrome (Matsushima et al., 1997; de
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Fig. 1. Mean DRS-R98 severity scale item scores at each assessment.

Jonghe et al., 2007) as well as the phenomenological
expression of delirium using the Delirium Rating
Scale (DRS) (Trzepacz et al., 1988), the Memorial De-
lirium Assessment Scale (MDAS) (Breitbart et al.,
1997), or the Delirium Index (Rudberg et al., 1997;
Fann et al., 2005; Sylvestre et al., 2006; McCusker
et al., 1998; Sherer et al., 2009), which, in contrast
to the DRS-R98, allow for assessment of only a
relatively small range of symptoms and limited neu-
ropsychological assessment. Using a variety of ana-
lytic approaches, including mixed-effects modeling,
we found remarkable temporal consistency for sever-
ity and stability for a broad range of delirium cogni-
tive and noncognitive symptoms throughout

episodes. The relative consistency of symptom profile
over more sustained periods of delirium assessment
indicates consistent widespread disturbance of
neural processes over the course of an episode.

Our findings are consistent with delirium repre-
senting an altered state of consciousness that im-
pairs neural processing for all higher cerebral
cortical and some subcortical functions (circadian)
with an aroused cortex (i.e., not coma) and that the
breadth and severity of these symptoms persist
throughout the entire time a person is delirious.
This consistency was measured despite 80% experi-
encing more rapid (minutes to hours) fluctuations
in the severity of some symptoms. The short-term

Table 2. Cognitive Test for Delirium (CTD) score severity (mean + SD) and frequency (%) of those with neu-
ropsychological impairment (any score <6) in each domain at each assessment

ty t2 t3 t4 t5 te All Visits
n =100 n =100 n=>57 n=27 n=16 n=11 n=311

Orientation 3.3+23 35+21 3.5+22 3.3+22 3.4+20 24 +20 3.5+3.2
67% 72% 66% 69% 75% 89% 69%

Attention 20+18 20+18 21+19 22+18 23+22 15+14 21+22
96% 95% 90% 93% 80% 87% 94%

Memory 3.0+22 29+22 2.7+ 22 2.34+22 2.4+22 3.0+ 238 2.8+22
78% 84% 85% 86% 87% 62% 83%

Comprehension 414+ 1.7 40+ 1.6 3.8+20 3.4+ 1.7 3.5+1.2 3.5+16 3.9+17
77% 86% 80% 96% 93% 100% 82%

Vigilance 1.7+ 2.0 1.9+23 19+2.1 14+1.5 09+15 0.7+1.0 1.7+ 2.1
92% 86% 89% 100% 87% 100% 90%

CTD total 143+ 7.7 145+ 8.1 13.6 + 8.8 122+ 75 13.1+ 6.6 12.0 + 7.2 13.8 £ 8.0
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Fig. 2. Mean scores for the Cognitive Test for Delirium (CTD): five
domains at each assessment time.

fluctuation in symptoms may reflect the impact of
factors such as circadian rhythms or even more fine
fluctuations in neural network activity such as oc-
curs in the default mode network (Greicius et al.,
2009). Delirium patients are clinically impaired
when quietly resting as well as when cognitively acti-
vated by the environment.

Our work reconfirms delirium as a complex neu-
ropsychiatric syndrome characterized by prominent
inattention but with a range of cognitive and noncog-
nitive disturbances (Fann et al., 2005). Our findings
support the concept of delirium as a unitary syn-
drome with a relatively consistent symptom profile
despite a variety of potential causes throughout the
entire episode, where some etiologies improve and
others newly occur. Most patients in our cohort ex-
perienced multiple etiologies, though there was a de-
gree of similarity for types of etiologies across
patients given that they were all in a palliative care
setting, which also lent some homogeneity to the
sample. Trzepacz, Meagher and Franco have pro-
posed that three core domains underlie delirium,
which could be clues to neuropathological processes.
These are: Cognition, composed of inattention and
other cognitive deficits; Higher Level Thinking, en-
compassing elements of impaired executive function,
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Fig. 3. Comparison of DRS-R98 mean scores for symptom do-
mains (see text for definitions) over assessments t,—tg.
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semantic expression, thought process, and compre-
hension; and Circadian Rhythm, including motor
activity and sleep—wake cycle disturbances (Mea-
gher & Trzepacz, 2009; Franco et al., 2009). Along
with recent factor analytic studies (Mattoo et al.,
2012; Franco et al., 2013), these results support our
hypothesis by emphasizing the frequency and con-
sistency of the three core domains over the course of
a delirium episode. Previously noted (Meagher
et al., 2007; Jabbar et al., 2011) less consistent “as-
sociated” symptoms for affect and psychosis were
found to be the most variable in our study — rela-
tively speaking, with a background of not much
variation — and may reflect pathophysiological in-
fluences of particular etiologies, such as neurochemi-
cal or neuroinflammatory, or preexisting individual
genetic, neuronal, or physiological vulnerabilities.
The underlying neural support for these domains is
consistent with neuroanatomical findings in lesion
and functional neuroimaging studies that implicate
certain brain regions and neural circuitry (Trzepacz
& Meagher, 2008). Our work provides further evi-
dence that attention, higher-order thinking, and dis-
turbances of the sleep—wake cycle and motor activity
are core symptoms.

The temporal nature of delirium phenomenology
has significant implications for delirium diagnosis
and definition. Diagnostic criteria systems have re-
cognized inattention as the cardinal feature of delir-
ium, reaffirmed by this study, where attention and
vigilance were disproportionately impaired, while
also being highly consistent over serial assessment.
The inherently fluctuating nature of delirium symp-
toms is a key factor that complicates reliable detec-
tion, and it is important that efforts to diagnose
and monitor progress in delirium focus on symptoms
that are particularly prominent and more consistent
in expression over time. Given the growing body of
literature supporting the three core domains, we
recommend that future revisions of diagnostic classi-
fication systems (DSM-V and ICD-11) ensure in-
clusion of their constituent symptoms. Notably
absent from DSM-IV are requirements for the pres-
ence of circadian and higher-order thinking disturb-
ances, whereas these had some representation in
DSM-III-R (APA, 1987). Disorganized thinking was
deemphasized in DSM-IV due to difficulties with re-
liable identification by nonpsychiatrists (Trzepacz &
Meagher, 2008). We recommend that psychotic symp-
toms and affective lability should not be relied upon
for diagnosis, but rather considered as nonmanda-
tory associated diagnostic features.

Limitations include that our study was conducted
in a palliative care unit with a highly morbid group of
patients, which may affect the generalizability of
findings to delirium occurring in other settings.
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Table 3. Final mixed-effects model with the parameter estimates

95% CI
Parameter Estimate  Std. Error df t Sig. Lower Bound Upper Bound

Intercept 0.090 0.214 33.19 0.42 0.675 —0.344 0.525
Time 1 0.753 0.171 15.64 4.39 <0.001 0.389 1.117
Time 2 0.425 0.173 16.34 2.44 0.026 0.056 0.792
Time 3 0.165 0.165 13.52 0.99 0.337 -0.191 0.521
Time 4 0.219 0.163 12.06 1.33 0.205 -0.137 0.575
Time 5 0.069 0.192 15.60 0.36 0.724 -0.339 0.477
Time 6 0? 0 . . . . .
Sleep—wake cycle 1.082 0.059 185.13 18.19 <0.001 0.965 1.200
Perceptual disturbances 1.013 0.039 218.55 26.17 <0.001 0.936 1.089
Delusions 0.395 0.226 10.00 1.74 0.112 —0.109 0.899
Affective lability 1.031 0.057 222.99 17.87 <0.001 0.917 1.145
Language abnormalities 1.031 0.058 216.97 17.87 <0.001 0.917 1.144
Thought process abnormality 1.009 0.045 229.60 22.42 <0.001 0.920 1.098
Motor agitation 0.943 0.056 197.16 16.88 <0.001 0.833 1.054
Motor retardation 1.069 0.050 182.73 21.22 <0.001 0.969 1.168
Orientation 0.884 0.060 226.38 14.53 <0.001 0.764 1.004
Attention 1.064 0.050 171.26 21.17 <0.001 0.965 1.163
Short-term memory 1.034 0.042 225.28 24.25 <0.001 0.950 1.118
Long-term memory 0.938 0.048 180.20 19.25 <0.001 0.841 1.034
Visuospatial ability 1.004 0.047 199.76 21.41 <0.001 0.912 1.097
Symptom fluctuation 1.252 0.080 237.64 15.58 <0.001 1.094 1.410
Presence of physical disorder 1.306 0.077 182.88 16.83 <0.001 1.153 1.460
Timel*del 0.555 0.234 11.58 2.36 0.036 0.041 1.068
Time2*del 0.609 0.250 14.71 2.43 0.028 0.076 1.143
Time3*del 0.631 0.232 11.01 2.71 0.020 0.119 1.142
Time4*del 0.543 0.248 13.75 2.18 0.047 0.009 1.078
Time5*del 0.593 0.289 19.45 2.05 0.054 -0.010 1.198
Time6*del 0 0 - - - -

@ This parameter is set at zero because it is redundant. Bold type = significant results (p < 0.05).

Assessments were conducted twice weekly rather
than daily, and we therefore focused on identifying
more sustained changes in symptom expression ra-
ther than the “micro-changes” known to occur over
minutes to hours. The number of cases decreased
substantially after the third visit. This needs to be ta-
ken into consideration when evaluating cases where
episodes are more prolonged, though the mixed-ef-
fects model does in fact take it into account. In ad-
dition, the identification of comorbid dementia
might be better achieved using a validated instru-
ment for the same, such as the IQCODE (Jorm,
1994).

In conclusion, this work has identified how atten-
tion is disproportionately and consistently impaired
throughout delirium episodes. In addition, individ-
ual delirium symptoms and the three core symptom
domains also remain relatively stable despite small
fluctuations in symptom severity during a given
day, thus indicating a consistent state of impaired
higher cortical functions throughout a delirium epi-
sode. These findings can assist efforts to improve
delirium detection as well as help guide studies of pa-
thophysiology and treatment, including whether
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effective interventions impact upon individual symp-
tom domains or delirium as a unitary syndrome.
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