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Abstract

Objectives Delirium is an acute fluctuating disorder of attention and awareness. It is associated with autonomic dysfunction
and increased mortality. The primary endpoint of our study was to measure autonomic activity in acute stroke patients, by
means of heart rate variability analysis, in order to identify autonomic modifications that can predispose to delirium.
Methods Patients were consecutively enrolled from the stroke unit. Inclusion criteria were age > 18 years and
diagnosis of stroke with onset within the previous 72 h confirmed by neuroimaging. Exclusion criteria were
atrial fibrillation, congestive heart failure, and conditions requiring intensive care unit. Patients were evaluated
by means of Richmond Agitation Sedation Scale (RASS) and Confusion Assessment Method-Intensive Care Unit
(CAM-ICU) at baseline, after 72 h, or when symptoms suggesting delirium occurred. For each patient, ECG was
recorded at baseline assessment and HRV analysis was conducted on five consecutive minutes of artifact-free
ECG traces.

Results Fifty-six ECGs were available for analysis. During the study period, 11 patients developed delirium. Patients with
and without delirium did not differ for sex, age, severity of stroke, and comorbidities. The delirium group had greater standard
deviation of the heart rate (DLR —:9.16 +8.28; DLR +: 14.36 +5.55; p=0.026) and lower power spectral density of the HF
component (DLR —: 38.23 +19.23 n.u.; DLR+:25.75+8.77 n.u.; p=0.031).

Conclusions Acute non-cardioembolic stroke patients with increased variability of heart rate and decreased vagal control
are at risk for delirium.
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Introduction

Delirium is an acute fluctuating disorder of attention and
awareness. By definition, the diagnosis of delirium requires
a decrease in attentional skills, impaired orientation in the
environment, and a cognitive disturbance (e.g., memory
deficit, disorientation, language, visuospatial ability, or
perception) [1]. Delirium has an organic etiology, and it is
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12 months after hospital admission [6]. In a previous study,
performed in the setting of the stroke unit, we observed an
incidence of delirium in acute stroke patients of 30% [7].
Several precipitating factors for delirium have been iden-
tified, or proposed [8]. It has been hypothesized that delirium
may be triggered by neuroinflammation [9], imbalance in
neurotransmitters [10], hypoxia [11], and aberrant response
to stressors (infections, surgical traumas, anxiety [12—17]).
Alterations in autonomic nervous system (ANS) activity
might be involved in the pathophysiology, as well [15]. The
most common tool used to indirectly evaluate autonomic
function in delirium is heart rate variability (HRV). In a
pilot study [15], all HRV indices at rest were higher in the
delirium group, but the differences were not significant. Nev-
ertheless, autonomic modifications associated with delirium
have been investigated in few studies, in various settings,
but, at the best of our knowledge, not in stroke patients.
The primary objective of this study was to evaluate heart rate
variability in patients with acute stroke, in order to identify auto-
nomic modifications that can predispose to delirium occurrence.

Methods
Patients

The present cohort is part of a larger study population evalu-
ated for delirium, described in a previous paper [7].

The study design was prospective, cross-sectional. Con-
secutive patients were considered for enrolment in the
stroke unit of the Policlinico Agostino Gemelli, Catholic

Table 1 Clinical and demographic data. Clinical and demographic
characteristics of the study population. LVO: Large Vessel Occlu-
sion; mRS: modified Rankin Scale; NIHSS: National Institutes of

University, Rome, Italy. The study went on from April to
October 2020. Inclusion criteria were adult age (> 18 years),
a diagnosis of ischemic or hemorrhagic stroke with onset of
clinical symptoms within the previous 72 h, and a National
Institutes of Health Stroke Scale (NIHSS) score > 1 when
the first clinical assessment of delirium was performed.
The diagnosis had to be confirmed by neuroimaging (MRI)
showing brain ischemia or hemorrhage. Exclusion criteria
were transient ischemic attacks (TIA), absence of neuro-
imaging evidence of acute stroke (MRI), congestive heart
failure, atrial fibrillation, and need for intubation and/or
intensive care treatment.

All patients or caregivers gave written informed consent
before enrollment. The study was performed in agreement
with the Helsinki Declaration and was approved by the eth-
ics committees of the Catholic University of Rome.

Clinical information collected

For each patient, clinical and demographic data were col-
lected (Table 1). At the time of first evaluation in the emer-
gency department, neurological status was measured with
the NIHSS score, and pre-existent disability was assessed
by means of the modified Rankin scale (mRS) [18].

Assessment of delirium

Delirium was diagnosed clinically with the support of two
diagnostic tools: the Richmond Agitation Sedation Scale
(RASS) and the Confusion Assessment Method-Intensive
Care Unit (CAM-ICU) [2, 19, 20].

Health Stroke Scale. Statistical comparison was performed between
the subgroup of patients with delirium (DLR+) and without delirium
(DLR-)

Total (n=56) Delirium — (n=45) Delirium+ (n=11) Mann—Whitney  Fisher exact test
Tot % Mean+SD Tot % Mean+SD Tot % Mean+SD p p
Sex (male) 32 571 25 556 7 63.6 0.741
Age 69.9+13.2 69.9+13.2 70.0+14.1 0.869
Left side stroke 26 464 20 444 7 63.6 0.313
LVO 20 357 14 311 6 54.6 0.174
mRS 3+0. +0. 1.0£1.1  0.101
NIHSS 74+6.5 +6.5 10.0+6.2  0.106
Impaired consciousness 4 7.1 2 4.4 2 18.2 0.169
Sedation 10 179 7 15.6 3 27.3 0.393
Renal failure 3 5.4 2 44 1 9.1 0.459
Hypertension 35 625 31 689 4 36.4 0.144
Diabetes 13 232 10 222 3 27.3 0.685
Heart diseases 18 32.1 13 289 5 45.5 0.268
Thyroid diseases 7 12.5 7 15.6 0 0.0 0.328
Cognitive impairment 1 1.8 0 0.0 1 9.1 0.182
Previous stroke 7 12.5 6 13.3 1 9.1 1.000
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The RASS [20] measures the patients’ level of agita-
tion and sedation; it includes 11 categories, numbered
between — 5 and + 4, ranging from “unarousable” up to
“combative” [20].

The CAM-ICU score [3, 19] is an adaptation of the Con-
fusion Assessment Method (CAM) score for use in ICU [19,
20]. According to the CAM-ICU, a patient has delirium if:

— RASS score> —3 AND

— Acute onset change in mental status or fluctuating course
in mental status, AND

— >2 errors in letters attention test, AND

— Either RASS is not 0, or combined number of errors to
questions and commands is greater than 1.

The first evaluation was performed at baseline, further
assessments were repeated 72 h after admission, or when-
ever patients displayed any of these symptoms: fluctuation
in mental status, altered consciousness, fluctuating attention,
or disorganized thinking.

ECG recordings

After enrollment in the study, patients underwent bipolar
chest lead electrocardiogram (ECG). Sampling rate was
512 Hz. Respiratory rate was extracted from electrocardio-
graphic recordings for each patient. ECG registrations were
performed at baseline evaluation within 24 h from admis-
sion. If a patient scored CAM-ICU positive at baseline eval-
uation, ECG recording was excluded from HRV analysis.
Patients with non-sinus rhythm at the time of ECG recording
were excluded from the analysis.

Heart rate variability

ECG traces were extracted and converted in ASCII format
for HRV analysis. ECG recordings were first analyzed visu-
ally, and epochs of recording displaying extrasystoles, body
movements, or other artifacts were excluded from the analy-
sis. Five consecutive minutes of artifact-free ECG were used
for the HRV analysis. Only patients with sinus rhythm in
their ECG were included in the present study. A dedicated
software was used for the evaluation of the HRV param-
eters (HRV Analysis Software, Biomedical Signal Analysis
Group, Department of Applied Physics, University of Kuo-
pio, Finland) [21]. HRV analysis was performed both in the
time domain and in the frequency domain.

Functional and clinical significance of HRV measures
In the time domain, the following parameters were calcu-

lated: mean HR, STD, mean RR, SDNN, RMSSD, NN50,
pNNS50, triangular index, TINN, SD1, and SD2.

Mean HR is 1-min heart rate. STD is the standard devia-
tion of HR. Mean RR is the mean interval between con-
secutive R waves. SDNN is the standard deviation of the
RR interval (N-N stands for normal-to-normal intervals;
i.e., intervals between consecutive QRS complexes result-
ing from sinus node depolarization). RMSSD is the root
mean square of consecutive differences of NN intervals; it
is considered expression of vagal activity. NN50 is the num-
ber of NN intervals which differ > 50 ms from the previous
interval. pNN50 is calculated by dividing NNS50 by the total
number of NN intervals. The HRV triangular index is the
integral of the density distribution (that is, the number of
all NN intervals) divided by the maximum of the density
distribution. The triangular interpolation of NN interval
histogram (TINN) is the baseline width of the distribution
measured as a base of a triangle approximating the NN inter-
val distribution (the minimum square difference is used to
find such a triangle). SD1 describes the magnitude of the
beat-to-beat variability, reflecting vagal modulation of HRV
and is strongly correlated with the HF spectral component.
SD2, on the other hand, describes the fluctuations in mean
R-R interval over the 24-h period.

In the frequency domain, HRV was analyzed using a non-
parametric autoregressive model. Two frequency bands were
computed as follows: low frequency (LF; 0.04-0.15 Hz) and
high frequency (HF; 0.15-0.40 Hz). Power spectral den-
sity (PSD) of LF and HF was expressed as absolute power
(ms?), relative power (%), and in normalized units (n.u.). HF
expresses parasympathetic modulation; LF reflects simul-
taneously sympathetic and parasympathetic control on the
sinus node [22]. The ratio LF/HF, a marker of sympatho-
vagal balance, was calculated.

Normalization was performed according to the formula:

z=X—#

o
where u = E[X]is the mean and 6 = 4/ Var(X) the standard
deviation of the probability distribution of X.

A detailed description of HRV analysis, standard tech-
niques of measurement, physiological interpretation, and
clinical use is available in the report of the taskforce of the
European Society of Cardiology and the North American
Society of Pacing and Electrophysiology [23].

Statistical analysis

Sample size

The study sample size was calculated assuming the LF and
HF power spectral density as the primary endpoint vari-

ables. The G*Power [24, 25] software (version 3.1.9.6) was
used for calculation. The study was planned for comparison
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between independent cases (patients with delirium) and con-
trols (patients without delirium), assuming a 0.3 proportion
of delirium in a series of patients admitted to stroke units
[7]. The following settings were used: probability of a type I
error < 0.05, effect size d=0.8, power (1 — j error probabil-
ity) =0.8. The resulting sample size was 56 subjects.

Data analysis

All numerical variables were tested for normal distribu-
tion, by means of the Shapiro—Wilk test. Patients were
divided into two subgroups: patients with delirium
(DLR +) and without delirium (DLR —). Numerical vari-
ables are presented as mean =+ standard deviation; cat-
egorical variables are presented as number (n) and per-
centage. All study variables were compared between the
subgroups DLR + vs DLR —. The variables analyzed are
listed in Tables 1 and 2. In order to compare numerical
variables, we used a non-parametric test (Mann—Whitney
U-test); for categorical variables, we adopted the Fisher
exact test. The association of delirium and HRV param-
eters was evaluated in a multivariate logistic regression
analysis with potential confounders as covariates (sex, age,
NIHSS score, presence of large vessel occlusion (LVO),
stroke side, respiratory rate, and comorbidities). The level
of significance was set at p <0.05.

All statistics were performed by means of the Statistical
Package for Social Science (SPSS®) software version 22
(SPSS, Inc., Chicago, IL, USA).

Results

During the study period, a total of 221 patients were
admitted in the stroke unit and evaluated for enrolment.
One hundred one patients did not meet the inclusion cri-
teria. Useful ECG recordings were obtained in 77 patients.
After excluding ECG recordings for presence of artifacts
or atrial fibrillation, a total of 56 patients’ ECG traces
were available for the analysis (Fig. 1). Patients with ECG
recordings available for the analysis were 32 men and 24
women; mean age was 69.9 + 13.3 years. Demographic
and clinical features of the study cohort are reported in
Table 1.

At the time of enrolment to study, no patient had clinical
signs or CAM-ICU scores consistent with the diagnosis of
delirium. The duration of the study period (that is, the per-
manence in stroke unit) was on average 7 days. During this
period, 11 patients developed delirium, and the study cohort
was divided into two subgroups: patients with delirium
(DLR +, 7 men and 4 women; mean age 69.9 + 14.1 years)
and patients without delirium (DLR —, 32 men and 13
women; mean age 69.9 +13.2 years). The two subgroups of

Table2 HRV analysis and
comparison between DLR +and

Delirium — (n=45) Delirium+ (n=11) Mann-Whitney

DLR —subgroups. HRV param- Mean SD Mean SD U-test p

eters in DLR+ and DLR—

groups and statistical com- Time domain

parison. For the abbreviations Mean HR (1/min) 71.28 17.52 82.87 21.12 300.0 0.075

;?uentcgfoﬁtzzgsj;ciﬁ?si i}; STD (1/min) 9.16 8.28 14.36 555 3200  0.026

cance of HRV measures) Mean RR (s) 0.90 0.18 0.78 0.18 154.0 0.540
SDNN (ms) 79.39 59.32 104.46 70.88 300.0 0.279
RMSSD (ms) 105.37 94.81 138.41 92.01 304.0 0.244
NN50 (count) 97.20 98.79 151.60 102.55 317.5 0.149
pNN50 (%) 28.31 27.48 38.39 26.23 285.0 0.439
Triangular index 0.08 0.05 0.11 0.08 285.0 0.439
TINN (ms) 458.56 342.53 680.50 367.09 338.0 0.062
SDI (ms) 77.91 69.65 104.51 67.81 308.0 0.212
SD2 (ms) 84.99 54.99 113.87 75.18 288.0 0.404

Frequency domain

LF (ms?) 1454.45  4651.00  7304.00  21,122.00 2935 0.342
HF(ms?) 1890.00  4253.00  5375.00  14,201.00  289.0 0.392
LF (%) 30.01 23.57 38.71 21.01 312.5 0.179
HF (%) 46.59 23.75 53.60 16.57 278.0 0.529
LF (n.u.) 24.06 20.06 20.83 15.52 241.5 0.901
HF (n.u.) 38.23 19.23 25.75 8.77 143.0 0.031
LF/HF 0.86 0.97 0.81 0.52 287.5 0.409
Respiratory rate (breaths/min) 17.66 2.16 18.61 2.33 305.0 0.235
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Fig. 1 Study cohort. CONSORT
diagram showing the enrolment
process

Admitted in Stroke Unit
and evaluated for stroke

n=221

v

:

Diagnosis not
confirmed (stroke
mimics)

n=29

Diagnosis confirmed

n=192

A 4

Inclusion and
exclusion criteria

n=192

.

v

Excluded
(no consent, coma,
terminal conditions,
early discharge, COVID,
CAM-ICU not available)

n=72

Included

n=120

ECG

Table 3 Drug use upon enrolment. Drugs in use at the moment of
enrolment are reported for the two subgroups. Results of the Fisher
exact test are also reported. ACE: angiotensin converting enzyme;
AEDs: anti-epileptic drugs

Delir- Delir- p

ium—(n=45) ium+(@n=11)
Alpha blockers 3 0 1.000
Beta blockers 9 5 0.119
Calcium channel blockers 7 1 1.000
Anti-arrhythmics 2 1 0.488
ACE inhibitors/sartans 23 6 1.000
Antipsychotics 1 0 1.000
Antidepressants 2 0 1.000
AEDs 0 0 na

n=77

v .

ECG ECG
not suitable for analysis suitable for analysis
(bad signal, non sinus

rhythm) n=56
n=21 l
Study cohort

patients did not differ in age, sex distribution, occurrence of
large vessel occlusion, stroke severity measured by means of
NIHSS, stroke side, and comorbidities (Table 1). No differ-
ences in drug use upon enrolment were observed (Table 3).

Heart rate variability analysis

In the time domain analysis, the delirium group had greater
standard deviation of the heart rate (DLR —: 9.16 + 8.28,;
DLR +: 14.36 +£5.55; U-test: 320.0; p=0.026). Also, a trend
toward higher heart rate in DLR 4 was observed, though it
did not reach statistical significance (DLR —: 71.28 +17.52
beats per minute; DLR +: 82.87 +21.12 beats per minute;
U-test: 300.0; p=0.075). No other significant difference was
observed.
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n.s. p=0.026 n.s. p=0.031
DLR-
B DLR+
HR STD LF HF

Fig.2 Frequency domain analysis. Comparison of HRV parame-
ters in DLR+ (delirium) vs DLR- (no delirium) patients. HR: heart
rate (beats per minute); STD: standard deviation of heart rate; LF:
low-frequency component; HF: high-frequency component; n.s.: not
significant

In the frequency domain analysis, patients in the delirium
group had a smaller HF component, as expressed in normal-
ized units (DLR —: 38.23+19.23 n.u.; DLR +: 25.75+8.77
n.u.; U-test: 143.0; p=0.031) (Fig. 2). No other significant
difference was observed. Respiratory rate did not differ
between the two groups (U-test=305.0; p =0.235).

The association between delirium and decreased HF_nu
was still significant, in a logistic multivariate regression

Fig.3 HRV frequency domain 5x10° !
analysis in two patients from the I
DLR +and DLR — groups. Heart |
Rate Variability (HRV) analysis \
in frequency domain; autore- :
gressive model. Grey panel !
indicates the HF portion of the
power spectrum (0.15-0.40 Hz).
Upper panel: a patient from the
DLR- group. Lower panel: a

PSD (s¥Hz)

analysis (with delirium as dependent variable), after adjust-
ment for sex, age, NIHSS score, presence of LVO, stroke
side, respiratory rate, and comorbidities.

Detailed results of the HRV analysis and comparison
between DLR +and DLR — subgroups are reported in
Table 2 and in Fig. 2; examples of HRV frequency domain
analysis in two patients from the DLR +and DLR — groups
are shown in Fig. 3.

Discussion

In this study, we investigated the presence of autonomic
alterations, explored through HRV analysis, in acute stroke
patients before the development of delirium. In our cohort,
delirium occurred in patients with increased instability of
heart rate (greater standard deviation of HR) and reduced
vagal control, as expressed by smaller power spectral density
of the HF component in frequency domain analysis. The
patients who developed delirium also showed higher mean
heart rate (82.9 vs 71.3 bpm), though not reaching a statisti-
cally significant difference.

These results, overall, confirm the hypothesis that delir-
ium is associated with autonomic impairment.

Only few studies in literature have addressed this issue,
and very few have performed HRV analysis. A search of
the PubMed database, with the keywords “delirium” and
“autonomic” or “heart rate variability,” performed in April
2021, allowed to retrieve only six papers [12, 13, 15-17, 26].

>

Hz

patient from the DLR+ group. 0
The HF spectral peak (arrows) 0.04

is much smaller in the DLR+ LF
patient than in the DLR—. LF:
low frequency; HF: high fre-
quency; PSD: power spectrum
density

5x107

PSD (s%Hz)

0.15 0.40
HF

Hz

LF
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Conversely, no studies are currently available in literature
exploring autonomic modifications associated with delirium
in acute stroke patients.

A more variable and irregular heart rate in patients with
ongoing delirium has been observed by Oh et al., in a study
performed in ICU patients [13]. The same authors, in a later
paper, concluded that HRV is a potential predictor of delir-
ium [16]. However, the few studies available in literature do
not show consistent results. Neerland et al. [15] observed
a slightly, not significantly lower LF/HF ratio (p =0.06) in
patients with delirium during tilt test, suggesting a relative
prevalence of vagal modulation. However, this study was
conducted in a geriatric ward, not in an intensive care set-
ting. A similar finding (decreased LF and increased HF,
with lower LF/HF) was reported by Ernst et al. [12]; these
authors also reported increased SDNN in patients with
delirium. Zaal et al. [17], in one of the earliest studies on
HRYV and delirium, could not measure any difference in
HRYV parameters between patients with and without delir-
ium; this result was probably due to the low numerosity of
their sample [25 patients in total]. These authors excluded
patients with any history of neurological diseases, because
they were considered associated with expected autonomic
alterations.

Even though in literature the role of autonomic control
in atrial fibrillation (AF) is not clearly established, AF has
been traditionally considered an exclusion criterion from
HRYV studies [27]. Accordingly, patients with AF were not
included in our study. However, as shown in our previous
paper, the prevalence of delirium does not differ between the
cohorts of patients with and without AF [7].

In our study, we investigated delirium occurrence in a
condition (i.e., acute stroke) which itself could be associated
with impaired or aberrant autonomic activity. For instance,
a predominance of sympathetic tone could be present in
acute stroke to sustain blood cerebral perfusion in the pres-
ence of large vessel thrombosis. To exclude the effect of
potential confounders, we compared the HRV parameters
between the two groups with adjustment for the presence
of LVO. Even after correction for LVO, HF _nu was still
significantly smaller in the group of patients with delirium
(»<0.001). Moreover, after adjustment for the severity of
stroke, expressed by NIHSS score, HF_nu was still signifi-
cantly smaller in the DLR 4 group (p =0.04). It is worth
noticing that in our study risk factors traditionally associ-
ated with delirium occurrence, such as age and stroke sever-
ity [28-32], were not different between the two subgroups.
This may reflect the specific exclusion criteria adopted, in
particular the choice to exclude patients with AF. Notably,
HF decrease is not associated with LF modification. In an
experimental model in healthy subjects, after the adminis-
tration of propranolol and methylatropine, HRV parameters

decreased and virtually neared zero, both in time and fre-
quency domain [27]. Indeed, it may happen that both LF
and HF components are reduced, even if in our population
the LF reduction did not reach statistical significance. As a
consequence, the LF/HF ratio is substantially the same in
the two groups.

A pathophysiological model of delirium has recently been
proposed, where direct brain insults together with aberrant
stress response concur in delirium development. In this
“stress response system,” the autonomous nervous system
plays a substantial role, contributing to delirium pathogen-
esis [33]. In particular, a depressed parasympathetic activity
has been postulated as the pathophysiological basis for the
development of ICU delirium [34]. This imbalance between
sympathetic and vagal systems is even more pronounced
when dealing with the hyperactive subtype of delirium,
which has been interpreted as a hyperadrenergic autonomic
dysfunction by the American College of Emergency Physi-
cians (ACEP) Task Force on Excited Delirium Syndrome
[35].

In our study, we found a relative decrease in parasympa-
thetic activity with respect to sympathetic activity in patients
who will later develop delirium. These results confirm the
hypothesis suggested by Maclullich et al. [33] that delirium
pathophysiological basis is partially explained by an imbal-
ance in the autonomous nervous system. Moreover, our data
allow to extend this model to acute, non-cardioembolic,
stroke patients.

The functional status of the autonomic nervous system,
derived from the non-invasive measurement of HRV, repre-
sents an important prognostic information regarding mor-
tality risk in cardiovascular diseases [36—39]. Autonomic
nervous system imbalance is a prognostic factor in acute
stroke as well, as changes in frequency and time domain
HRYV parameters have been correlated with functional out-
come and with mortality [40]. Traditionally, depressed HRV
has been considered an adverse prognostic factor in several
clinical studies [41, 42]. However, further studies have dem-
onstrated that also abnormally increased HRV parameters,
such as SDNN, are associated with higher risk of mortality
[43].

On the other hand, the occurrence of delirium in acute
phase of stroke negatively impacts the long-term prognosis
of patients [44]. As both represent independent predictors
of outcome in acute stroke, it is important to establish a pos-
sible correlation between autonomic system impairment and
delirium. Our study suggests that an alteration of HRV may
help to identify patients at risk for delirium development,
and therefore may guide physicians to direct intervention
strategies to prevent delirium [45].

This study has some limitations. First, the study was
performed in a cohort of acute stroke patients with several
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comorbidities and receiving multiple pharmacological
treatment. Nevertheless, statistical comparison between
the drugs in use upon enrolment in the two groups did not
show any differences. Moreover, after correction for age,
sex, NIHSS, presence of LVO, side of the lesion, breathing
rate, and comorbidities (including diabetes), the analysis still
confirmed a significantly lower HF_nu in patients who later
developed delirium.

In spite of these limitations, the strength of our study
is the electrocardiographic assessment prior to delirium
development: the alterations in the HRV parameters do
not represent the consequence of the autonomic activation
which takes place in ongoing delirium state, but are rather
an anticipating event of delirium. In addition, our study was
conducted on a homogenous cohort of patients, which did
not include conditions that could represent potential con-
founders, such as TIA, coma, and dementia. Indeed, we
enrolled only one patient with mild cognitive impairment
and none with dementia.

Conclusion

This is the first study exploring heart rate variability as pre-
dictor of delirium in acute stroke patients. Increased instabil-
ity of heart rate and decreased vagal output are associated
with development of delirium. The early detection of such
pathophysiological parameters may help reduce delirium
occurrence, as it may prompt intervention strategies to pre-
vent delirium.
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