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Pharmacologic Management of Delirium in the ICU
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Clinical Trials to Identify Pharmacologic Treatments for
Delirium
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Dexmedetomidine or Propofol for Sedation
in Mechanically Ventilated Adults with Sepsis

C.G. Hughes, P.T. Mailloux, JW. Devlin, | T. Swan, R.D. Sanders, A
J.C.Jackson, AS. Hoskins, BT. Pun, O.M. Orun, R. Raman, J L. Stollings, A
M.S. Duprey, LN. Bui, H.R. O'Neal, Jr., A. Snyder, M.A. Gropper, K K. Gur|
G.J. Stashenko, M.B. Patel, N.E. Brummel, T.D. Girard, R.S. Dittus, G.R. B

EW. Ely, and P.P. Pandharipande, for the MENDS2 Study Investigator
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Among mechanically ventilated adults with sepsis who were being treated

ommended light-sedation approaches, outcomes in patients who received d|
etomidine did not differ from outcomes in those who received propofol. (
by the National Institutes of Health; ClinicalTrials.gov number, NCT01739)
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Haloperidol and Ziprasidone for Treatment
of Delirium in Critical Illness

T.D. Girard, M.C. Exline, 5.5. Carson, C.L. Hough, P. Rock, M.. Gong,
1.5. Douglas, A. Malhotra, R.L. Owens, . Feinstein,
RC. Hyzy, GA. Schmidt w0y S
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v placeho, 192 10 recive halopridl and 190t recive ipasidone. The med)
duraton of exposure to a trial drug or placebo was 4 days (interquartile range, 3to 7). T
‘median number of days alive without delirium or coma was 8.5 (95% confidence inter
€11, 56 t0 99 in the placebo group, 7.9 (95% CI, 44 to 96) in the haloperidol group, a
87 (95% CI, 59 to 10.0) in the ziprasidone group (P=0.26 for overall effect across tr
‘groups). The use of haloperidol or ziprasidone, as compared with placebo, had no si
nificant effect on the primary end point (0dds ratios, 0.8 [95% CI, 0.64 to 1.21] and 1.
[95% CI, 073 to 148], respectively). There were no significant between-group differen
with respect to the secondary end points or the frequency of extrapyramidal symptor
“The use of haloperidol or ziprasidone, as compared with placebo, in patients with act
respiratory failure or shock and hypoactive or hyperactive delirium in the ICU did nf
significantly alter the duration of delirium. (Funded by the National Institutes
Health and the VA Geriatric Research Education and Clinical Center; MIND-US
ClinicalTrials.gov number, NCTO01211522,)
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Haloperidol is frequently used to treat delirium in patients in the intensive care
unit (ICU), but evidence of its effect is limited.

In this multicenter, blinded, placebo-controlled trial, we randomly assigned adult
patients with delirium who had been admitted to the ICU for an acute condition
0 receive intravenous haloperidol (2.5 mg 3 times daily plus 2.5 mg as needed up
0 a total maximum daily dose of 20 mg) or placebo. Haloperidol or placebo was
administered in the ICU for as long as delirium continued and as needed for recur-
rences. The primary outcome was the number of days alive and out of the hospital
at 90 days after randomization.

A total of 1000 patients underwent randomization; 510 were assigned to the halo-
peridol group and 490 to the placebo group. Among these patients, 987 (98.7%) were
included in the final analyses (501 in the haloperidol group and 486 in the placebo
group). Primary outcome data were available for 963 patients (97.6%). At 90 day
the mean number of days alive and out of the hospital was 35.8 (95% confidence
nterval [CIJ, 32.9 10 38.6) in the haloperidol group and 32.9 (95% CI, 29.9 to 35.8)
in the placebo group, with an adjusted mean difference of 2.9 days (95% CI, 1.2 to
70) (=0.22). Mortality at 90 days was 36.3% in the haloperidol group and 43.3%
in the placebo group (adjusted absolute difference, ~6.9 percentage points [(95% Cl,
~13.0to ~0.6)). Serious adverse reactions occurred in 11 patients in the haloperidol
group and in 9 patients in the placebo group.

‘Among patients in the U with delieum, reatment with haloperidol did not ead
toa significantly greater number of days alive and out of the hospital at 90 days than
placebo. (Funded by Innovation Fund Denmark and others; AID-ICU ClinicalTrials
.gov number, NCT03392376; EudraCT number, 2017-003829-15.)
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Current Approach to Delirium Clinical Trials
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Infection  Sedation Hypoxia Brain injury Inflammation

"Delirium: An acute change in level of consciousness
characterized by impaired attention and disorganized thinking"

'

Randomize

‘

No effect

University of & Potter KM, Prendergast NT,
s Pittsburgh CR‘SMA Boyd JG. Crit Care Med 2024:52(8):1285-1294.




Clinicians Tend to Use Medications for Delirium
Management
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Established Approaches in Delirium Heterogeneity
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Confusion Assessment
Method for the ICU

Intensive Care Delirium
Screening Checklist

1. Acute onset
Acute change from baseline

Change in last 24h

N

. Inattention
> 1 error on squeeze test

. Altered Level of Consciousness
N RASS other than zero

W

fN

. Disorganized Thinking
- >1lincorrect answer to yes/no
questions and command

1 + 2 and either 3 or 4 = positive
delirium

O Altered level of consciousness

Q Inattentiveness

U Disorientation

Q Hallucination-delusion-
psychosis

U Psychomotor agitation or
retardation

U Inappropriate speech or mood

U Sleep/wake cycle disturbance

U Symptom fluctuation

> 4 = positive delirium

v

Delirium
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Psychomotor Delirium Subtypes

HYPERACTIVE

RASS 1to5
Riker SAS5 to 7

HYPOACTIVE

RASS 0 to -3
Riker SAS 1to 4

Immobile Agitated

Fearful

Quiet

Withdrawn Paranoid
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Psychomotor Delirium Subtypes

Smit et al. Journal of Intensive Care (2022) 10:54
https://doi.org/10.1186/540560-022-00644-1
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Prognostic significance of delirium il

subtypes in critically ill medical and surgical
patients: a secondary analysis of a prospective
multicenter study

Lisa Smit""®, Eveline J. A. Wiegers?, Zoran Trogrlic', Wim J. R. Rietdijk®, Diederik Gommers', Erwin Ista*® and
Mathieu van der Jagt'

Abstract

Background: The prognostic implication of delirium subtypes in critically ill medical and surgical patients is scarcely
investigated. The objective was to determine how delirium subtypes are associated with hospital mortality and other
clinical outcomes.

Methods: We performed a secondary analysis on data from a prospective multicenter study aimed at implemen-
tation of delirium-oriented measures, conducted between 2012 and 2015 in The Netherlands. We included adults

(> 18 years) admitted to the medical or surgical intensive care unit (ICU). Exclusion criteria were neurological admis-
sion diagnosis, persistent coma or ICU readmissions. Delirium was assessed using the Confusion Assessment Method-
ICU or Intensive Care Delirium Screening Checklist, and delirium subtypes (hypoactive, hyperactive, or mixed) were
classified using the Richmond Agitation-Sedation Scale. The main outcome was hospital mortality. Secondary
outcomes were ICU mortality, ICU length of stay, coma, mechanical ventilation, and use of antipsychotics, sedatives,
benzodiazepines and opioids.

Results: Delirium occurred in 381 (24.4%) of 1564 patients (52.5% hypoactive, 39.1% mixed, 7.3% hyperactive). After

case-mix adjustment, patients with mixed delirium had higher hospital mortality than non-delirious patients (OR 3.09,
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Clinical Risk Factor-Based Delirium Subtypes
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Clinical phenotypes of delirium during critical illness and
severity of subsequent long-term cognitive impairment:
a prospective cohort study

Jennifer L Thompson,  Nathan € Brumme e Cfckson,ayor B Pael,Chstoper G Hughes,
Rameela Ch khar, Brenda T Pun, Leanne M Bochm, Mark R Elstad, , tus, EWEly

Summary

Background Delirium during critical illness results from numerous insults, which might be interconnected and yet
individually contribute to long-term cognitive impairment. We sought to describe the prevalence and duration of
clinical phenotypes of delirium (ie, phenotypes defined by dlinical risk factors) and to understand associations
between these clinical phenotypes and severity of subsequent long-term cognitive impairment.

Methods In this multicentre, prospective cohort study, we included adult (218 years) medical or surgical ICU patients
with respiratory failure, shock, or both as part of two parallel studies: the Bringing to Light the Risk Factors and Incidence
of Neuropsychological Dysfunction in ICU Survivors (BRAIN-ICU) study, and the Delirium and Dementia in Veterans
Surviving ICU Care (MIND-ICU) study. We assessed patients at lca:l once a day for delirium using the Confusion
Assessment Method-ICU and identified a priori-defined, delirium per

of hypoxia, sepsis, sedative exposure, or metabolic (eg, renal or hepatic) dysfunction. We considered deliriurn in the
absence of hypoxia, sepsis, sedation, and metabolic dysfunction to be unclassified. 3 and 12 months after discharge, we
assessed cognition with the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS). We used
multiple linear regression to separately analyse associations between the duration of each phenotype of delirium and
RBANS global cognition scores at 3-month and 12-month follow-up, adj potential
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Findings Between March 14, 2007, and May 27, 2010, 1048 participants were enrolled, eight of whom could not be
analysed. Of 1040 participants, 708 survived to 3 months of follow-up and 628 to 12 months. Delirium was common,
affecting 740 (71%) of 1040 participants at some point during the study and occurring on 4187 (31%) of all
13434 participant-days. A single delirium phenotype was present on only 1355 (32%) of all 4187 participant-delirium
days, whereas two or more phienotypes were present during 2832 (68%) delrium days. Sedativeassociated dcl ium
was most common (present during 2634 [639%] delirium days), and a longer duration of sed: jum

Research Investigation, and

Pitshurgh, A, USA
(TDGiard); Divisionof

predicted a worse RBANS global cognition score 12 months later, after adjusting for covariates (dﬂference in score
comparing 3 days s 0 days: ~4-03, 95% CI ~7-80 to ~0-26). Similarly, longer durations of hypoxic delirium (-3-76
95% CI ~7-16 to ~0-37), septic delirium (-3-67, 7-13 to ~0-22), and undlassified delirium (~4-70, -7-16 to -
also predicted worse cognitive function at 12 months, whereas duration of metabolic delirium did not (1.14,
~0-12103-01).

Interpretation Our findings suggest that clinicians should consider sedative-associated, hypoxic, and septic delirium,
which often co-occur, as distint indicators of acute brain injury and seek to identify all potential risk factors that may
impact on long-term cognitive impairment, especially those that are iatrogenic and potentially modifiable such as
sedation.

Funding National Institutes of Health and the Department of Veterans Affairs.

Introduction related to poor outcomes. Thus, it is unclear whether
Delirium, a major complication of critical illness that  clinicians should distinguish between various phenotypes

occurs in response to numerous insults,' is associated
with shortterm and long-term adverse outcomes.”
Though animal models have facilitated the study of
specific forms of cognitive impairment (cg, septic)."”
most clinical investigations of delirium have analysed
delirium as a homogeneous syndrome. Indeed, diagnostic
assessments™" and interventions™" directed at delirium
in the intensive care unit (ICU) rarely distinguish
between clinical phenotypes that can result from diverse
underlying mechanisms and might be differentially

i thelancet comrespiratory Vol 6 March 2018

of delirium as they seek to mitigate delirium and its
associated adverse outcomes. For example, no published
data exist to suggest whether a clinician caring for a septic
patient with delirium should focus solely on treating
Sepsis or additionally seck to reduce the patient's exposure
10 other delirium risk factors.

Sedative-associated delirium is of particular interest in
the ICU because clinicians control patients’ exposure to
sedatives yet almost no evidence is available regarding
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. Blood urea nitrogen > 17.85 .

. Glucose < 2.5 mmol/L
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. Hypoxemia (2+ 15-minute intervals where Sp0O2 < 90%)
. Shock (Lactate > 4.4 mmol or 2+ 15-minute intervals where MAP <
65mmHg)

Septic

. Known or suspected infection AND
- 2+ systemic inflammatory response syndrome (SIRS) criteria

Metabolic

INR > 2.5 AND ALT or AST > 200 U/L
Sodium < 120 mmol/L or > 160
mmol/L

mmol/L .

Sedative-Associated

- Receipt of benzodiazepine OR propofol OR opioid OR

dexmedetomidine

Unclassified

. None of the above

#CENTER

Girard TD, et al. Lancet Respir Med 2018;6:213-222



Prevalence of Risk-Factor Based Delirium Subtypes

Hypaoxic Delirium Septic Delirium Sedative Delirium Metabolic Delirium Unclassified Delirium

4% - Palients Alive & In Hospital:
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Percent of ICLl Patients
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Risk-Factor Based Delirium Subtypes and 3-Month
Cognition
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New Approaches in Delirium Heterogeneity
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Potential New
Approaches
to Trials
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‘

Randomized 1:1
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unsupervised ML
Cluster analysis
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'
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Treatable Trait "C"

'
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treatment vs. placebo treatment vs. placebo
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-1 ' Data-Derived Subtypes of Delirium

Data-derived subtypes of delirium during critical illness l:

Kelly M. Potter,™* Jason N. Kennedy,” Chukwudi Onyemekwu,” Nill . Prendergast,” Pratik P. Pandharipande,“® E Wesley Ely 1
Christopher Seymour* and Timothy D. Girard!
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“Center for Research, Investigation, and Systems Modeling of Acute liness (CRISMA), Department of Critical Care Medicine, University [ ) -
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“Division of rtical Care, Department of Anesthesiology, Vanderbilt University Medical Center, Nashville, TN, United States

“Citical liness, Brain Dysfunction, and Survivorship (CIBS) Center, Vanderbilt University Medical Center, Nashville, TN, United States
“Division of Allergy, Pulmonary, and Critical Care Medicine in the Department of Medicine, Vanderbilt University Medical Center,

Nashville, TN, United States
fTennessee Valley Geriatric Research, Education and Clinical Center (GRECC), Nashville, TN, United States S l l y p e S

Summary
Background To understand delirium heterogeneity, prior work relied on psychomotor symptoms or risk factors to
identify subtypes. Data-driven approaches have used machine learning to identify biologically plausible, treatment-
responsive subtypes of other acute illnesses but have not been used to examine delirium.

2024:100: 104942

Publshed Online 1 january
2024

apsdiorg10,
Methods We conducted a secondary analysis of a large, multicenter prospective cohort study involving adults in opers "
medical or surgical ICUs with respiratory failure or shock who experienced delirium per the Confusion Assessment
Method for the ICU. We used data collected before delirium diagnosis in an unsupervised latent class model to
identify delirium subtypes and then compared demographics, clinical characteristics, and outcomes between sub-

° ° °
types in the final model. °
Findings The 731 patients who developed delirium during critical illness had a median age of 63 [IQR, 54-72] years, a O I I I p a re W I e I r I u I I l S u y p e S

‘median Sequential Organ Failure Assessment score of 8.0 [6.0-11.0] and 613 [83.49%] were mechanically ventilated at
delirium identification. A four-class model best fit the data with 50% of patients in subtype (ST) 1, 18% in subtype 2,
17% in subtype 3, and 14% in subtype 4. Subtype 2—which had more shock and kidney impairment—had the
highest mortality (3% [ST2] vs. 17% [ST1], 25% [ST3], and 17% [ST4), p = 0.003). Subtype 4—which received

°
‘more benzodiazepines and opioids—had the longest duration of delirium (6 days [ST4] vs. 3 [ST1], 4 [ST2], and 3
days [ST3], p < 0.001) and coma (4 days [ST4] vs. 2 [ST1], 1 [ST2], and 2 days [ST3], p < 0.001). Each of the four
data-derived delirium subtypes was observed within previously identified psychomotor and risk factor-based

delirium subtypes. Clinically significant cognitive impairment affected all subtypes at follow-up, but its severity
did not differ by subtype (3-month, p = 0.26; 12-month, p = 0.80).

Interpretation The four data-derived delirium subtypes identified in this study should now be validated in
independent cohorts, examined for differential treatment effects in trials, and inform mechanistic work evaluating
treatment targets.

Funding National Institutes of Health (T32HL007820, RO1AG027472).

Copyright © 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http:/ /creativecommons.org/licenses/by-nc-nd/4.0/). [ ] - -

Keywords: Delirium; Subtypes; Heterogeneity; Latent class analysis

Introduction adverse outcomes, including prolonged stays,’ higher
Delirium is a common and serious syndrome of acute  mortality,” and cognitive impairment that can persist

brain dysfunction that affects up to half of critically ill  long after critical illness and may never resolve. Despite
patients.’ Characterized by inattention, disorganized this, evidence-based treatments for delirium are scarce.
thinking, altered level of consciousness, and fluctuating Clinical trials of pharmacologic interventions have

symptoms, delirium is associated with numerous  used a “one-size-fits-all” approach that treats delirium as

*Cortesponding author. 3520 Fifih Ave, Keystone Building, Suite 100, Pittsburgh, PA 15213, United States.
Email addres: kelly potter@pitt.cdu (KM. P
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Potter KM, et al. EBioMedicine 2024; 100:104942




Methods

- Secondary analysis of BRAIN-ICU & MIND-ICU prospective cohort studies

- Latent class analysis
- Data from first delirium identification (CAM-ICU)
« Model variables: Baseline, clinical, and treatment characteristics
 Primary fit evaluation: Bayesian Information Criterion elbow method

- Comparison with:
« Clinical subtypes
« Psychomotor subtypes
« Acuity subtypes

- Unadjusted comparisons of short- and long-term outcomes

University of

v Pittsburgh CR‘SMA Potter KM, et al. EBioMedicine 2024; 100:104942
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Patient Characteristics

Characteristic Delirious BRAIN-ICU Cohort (n=731)
Years of age 63.3 (53.8, 72.2)
Race
White 662 (90.6)
Black or African American 63 (8.6)
Asian 2(2.7)
Native Hawaiian or Pacific Islander 1(0.1)
Other race 3(0.4)
Female 302 (41.3)
BMI 29.0 (24.4, 34.8)
Charlson Comorbidity Index 2 (1, 4)
Years of education 12 (12, 14)
SOFA score 8 (6, 11)
Days of mechanical ventilation 2 (1, 3)
e Phrisbargh CRISMA] — Jrsesresentd s rumoe ercntag) o




Latent Class Analysis: Model Fit

-1 through 10 ro00- Model Fit
hypothesized
classes § taoo0-

- Diminishing returns fg,m_
after k=4 classes E l

 Entropy R? = 0.97 =

«Class err =0.01 A S S S S S S

Number of classes
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Clinical
Profile
Among
Classes

Age
Body mass index
Charlson Comorbidity Index
15-min-rvals < 65 mmHg
Cardiovascular SOFA score
15-min SpO2 iSECIVEISI 90%
Lowest SpO2-FiO2 ratio
Highest creatinine
Highest bilirubin
Highest lactate
Highest troponin
Duration of mechanical ventilation
Lowest RASS
Avg daily dose benzodiazepines
Avg daily dose dexmedetomidine
Avg daily dose opioids
Avg daily dose propofol

T T T T
Class 1 Class 2 Class 3 Class 4
n=366 =134 =127 n=104
{50%) {18.3%) {17 4%) {142%)

Class 1:

* More propofol, fewer opioids
» Higher Sp02

Class 2:

* More hypotensive

» Worse kidney impairment
Class 3:

* More hypoxic

» Higher troponin

» Younger, higher BMI

Class 4:

* More ventilator days pre-
delirium

» Deeper sedation

* More benzodiazepines,
opioids

* Worse liver function, lactate



Comparison with Risk Factor-Based Subtypes

731

Frequency

Hypoxic
Metabolic
Sedative-
associated
Septic Ve
i
l//
Unclassified
Clinical

Phenotype

Class 1

Class 2

Class 3

Class 4

Data-Driven
Subtype

No meaningful

representation

of risk factor-

based delirium
subtypes

in the data-

driven delirium

subtypes



Comparison with Psychomotor Subtypes

731 =
Class 1
2 Hypoactive NO aSSOCiatiOn
between
£ psychomotor
Class 2 subtypes
and data-driven
Class 3 Su btypeS
Mixed Class 4
0
Psychomotor Data-Driven
Subtype

Subclass



Comparison with Acuity Subgroups

731

SOFA
Quartile 1

SOFA
Quartile 2

SOFA
Quartile 3

Class 1

Class 2

SOFA
Quartile 4

SOFA
Quartile

Class 3

Class 4

Data-Driven
Subtype

Fewer patients
from data-driven
Class 2 in SOFA
Quartile 1

Patients from all
SOFA quartiles in
all data-driven
subtypes



Hospital Outcomes
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Delirium- or Coma-Free Days Among Subtypes

30

Class 1: 25 (15-28)

*Class 2: 19 (3-27)

o)
o
|

*Class 3: 24 (13-27)

-
[ -]
r i

*Class 4: 19 (8-24)

Delirium- and/or Coma-Free Days

: p<.0001
0

Class 1 Class 2 Class 3 Class 4
Delirium Subtype

35 Plttsburgh CR(SM Al Potter KM, et al. EBioMedicine 2024; 100:104942




Days of Coma Among Subtypes

— p<.0001

«Class 1: 2 (0-4)

*Class 2: 1 (0-4)

]
o

Days of Coma
|
|

«Class 3: 2 (0-5)

-Class 4: 4 (2-9) -

0 1 1
Class 1 Class 2 Class 3 Class 4

—h
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Unive ) Delirium Subtype
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Days of Delirium Among Subtypes

-Class 1: 3 (1-6) - -

-Class 2: 4 (2-9) E 20
«Class 3: 3 (2-7) E ]
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Mortality
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30-Day Mortality
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Long-Term Outcomes
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Long-Term Outcomes: Cognition
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Take Home Message

- We identified four data-driven delirium subtypes that were
different from prior subtyping approaches

- Class 2 (hypotensive, kidney impairment) had greatest
mortality

- Class 4 (benzodiazepines, liver dysfunction) had longest
duration of delirium and coma

- Significant cognitive impairment affected the overall sample,
but no statistically significant differences between subtypes
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What’s Next?

« External validation

- Heterogeneity of treatment effect

Detailed profiling of delirium: possible dimensions

« Examine influence of additional
domains

Acute Pre-delirium

Acute Fluid Chronic

illnesses biomarkers illnesses Frailty

Neuropsych

- Evaluate trajectories of subtypes Jrraugis o Peomly o

Motor Physiology

. Tmaci -
functioning (e.g. low BP) Imaging maging Genetics

- Prospective identification of
delirium subtypes
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