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Abstract

Rationale: Delirium is common in the ICU and portends worse
ICU and hospital outcomes. The effect of delirium in the ICU on
post-hospital discharge mortality and health resource use is less
well known.

Objectives: To estimate mortality and health resource use 2.5 years
after hospital discharge in critically ill patients admitted to the ICU.

Methods: This was a population-based, propensity score-matched,
retrospective cohort study of adult patients admitted to 1 of 14
medical-surgical ICUs from January 1, 2014, to June 30, 2016.
Delirium was measured by using the 8-point Intensive Care Delirium
Screening Checklist. The primary outcome was mortality. The
secondary outcome was a composite measure of subsequent
emergency department visits, hospital readmission, or mortality.

Delirium, an acute state of confusion
characterized by a fluctuating course, attention
deficits, and severe disorganization of behavior
(1), may affect over half of patients admitted to
ICUs (2-9). Risk factors for delirium in the

ICU include age, the severity of illness, and the
need for mechanical ventilation (10). Delirium
in critically ill patients is associated with
adverse outcomes, including longer hospital
stays (11), an increased risk of cognitive

Measurements and Main Results: There were 5,936 propensity
score-matched patients with and without a history of incident
delirium who survived to hospital discharge. Delirium was
associated with increased mortality 0-30 days after hospital
discharge (hazard ratio, 1.44 [95% confidence interval, 1.08-1.92]).
There was no significant difference in mortality more than 30 days
after hospital discharge (delirium: 3.9%, no delirium: 2.6%). There
was a persistent increased risk of emergency department visits,
hospital readmissions, or mortality after hospital discharge (hazard
ratio, 1.12 [95% confidence interval, 1.07-1.17]) throughout the
study period.

Conclusions: ICU delirium is associated with increased mortality
0-30 days after hospital discharge.
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impairment, and ICU and hospital mortality
(12-14).

Most studies on delirium in the ICU
have reported on ICU or hospital mortality
(9). Few studies have reported outcomes
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At a Glance Commentary

Scientific Knowledge on the
Subject: Delirium is common in the
ICU and leads to worse ICU and
hospital outcomes. Although small,
single-center studies on mortality
have been conducted, the effect of
delirium in the ICU on post-hospital
discharge mortality and health
resource use is not well understood.

What This Study Adds to the Field:
We used population-based data from
5,936 propensity-matched critically ill
adults with and without a history of
delirium to estimate the mortality and
health resource use 2.5 years after
hospital discharge. Delirium was
associated with increased mortality
0-30 days after hospital discharge,
but this association was not present at
later time points. There was a
persistent increased risk of emergency
department visits, hospital
readmissions, or mortality up to 2.5
years after hospital discharge.

after hospital discharge (9); those that have
were conducted in single centers with up to 1
year of follow-up, focused on ICU
subpopulations, and reported contradictory
results (12, 15-18). There is a growing body
of literature suggesting that critical illness
and ICU care have long-term consequences
(19, 20). Given the high prevalence of
delirium in critically ill patients and its well
documented consequences in the ICU and
hospital (21), understanding if and how
delirium influences the health of patients
recovering from critical illness is important.
Therefore, we followed a large, multicenter,
population-based cohort of critically ill
patients admitted to the ICU for up to 2.5
years after hospital discharge to examine the
association between delirium in the ICU and
post-hospital discharge mortality and
health resource use.

Methods

Study Design
We employed a multicenter, propensity
score-matched, population-based

retrospective cohort design to determine the
association between delirium in the ICU
(exposure) and 1) measures of health
outcomes (mortality) and 2) a composite
measure of emergency department visits,
hospital readmission, or mortality (outcomes).
This study is reported in accordance with the
Strengthening the Reporting of Observational
Studies in Epidemiology statement (22).

Study Setting and Population
Consecutive adult patients (age =18 yr)
admitted to 14 medical-surgical ICUs (within
14 hospitals) with electronic medical records
in Alberta, Canada (population 4.4 million),
from January 1, 2014, to June 30, 2016, formed
the study cohort. Patients were excluded if they
had not undergone at least one assessment of
delirium in the ICU or at least one ICU
admission with an ICU length of stay (LOS)
=24 hours or if their home residence was
located outside of Alberta (determined by
using the provincial healthcare number) to
ensure that any hospital readmission,
emergency department visit, or mortality data
after the ICU stay were available. If a patient
had been admitted to the ICU more than once
during the study period, only the first
admission with an ICU LOS =24 hours and at
least one Intensive Care Delirium Screening
Checklist (ICDSC) assessment was used to
measure exposure to delirium. The primary
cohort was based on patients surviving to
hospital discharge, with follow-up starting
from hospital discharge and therefore
excluding patients who died in the ICU or in
the hospital. All medical-surgical ICUs are
closed units staffed by accredited intensive
care physicians and provide mechanical
ventilation, vasoactive medications, and
invasive monitoring. Data for mortality,
emergency department visits, and hospital
readmissions were available until December
31, 2019.

Data Sources

We used data from five databases previously
employed for research purposes (23-25).
eCritical Alberta is integrated in a bedside
electronic medical record (MetaVision) that
prospectively captures demographic and
clinical data for all patients admitted to every
ICU in Alberta (24). The Discharge Abstract
Database captures hospital outcomes and
diagnoses (25 diagnostic codes based on the
International Classification of Diseases, 10th
Revision, Canadian Enhancement) on all
hospitalized patients. Mortality after an ICU
and/or hospital stay is recorded in a vital
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statistics database. The National Ambulatory
Care Reporting System captures data for all
emergency department visits. Data were
linked by using a unique provincial healthcare
number.

Exposure Measures
Delirium was assessed twice daily (once per
shift) by the bedside registered nurse as part of
standard care and in accordance with
published recommendations by using the
ICDSC (4) in all patients with a Richmond
Agitation-Sedation Scale (26) score of =—3.
The ICDSC is a well-validated, 8-item
delirium assessment tool for use in the ICU (4).
The primary exposure was ever having
had versus never having had delirium.
Exploratory analyses were conducted by using
four additional categorizations of delirium: I)
days with delirium (0, 1, and 2 d because of the
skewed distribution), 2) delirium severity
(ICDSC scores of 0, 1-3, 4-6, and 7-8), 3)
subsyndromal delirium (ICDSC scores of
1-3), and 4) the percentage of time (in days)
with delirium (0%, 1-24%, 25-49%, 50-74%,
and 75-100%). Patients were considered as
ever having had delirium if an ICDSC score
=4 wasrecorded atleast once during their ICU
stay. Ifan ICDSC score =4 was recorded at any
point during a 24-hour period, that calendar
day was considered a day with delirium. The
number of days with delirium from ICU
admission to ICU discharge were summed for
each patient. Delirium severity was measured
by using the continuous measure of delirium
symptoms from the ICDSC, ranging from 0-8,
with the most severe delirium measurement
during the ICU stay being used for analyses.
Subsyndromal delirium was defined as the
patient’s highest ICDSC score being greater
than 0 but below the diagnostic threshold for
delirium (i.e., all ICDSC scores are <3 with at
least one ICDSC score >0). The percentage of
time with delirium was defined as the number
of days with delirium divided by the number of
days in the ICU.

Outcome Measures

The main outcome measure was mortality,
and the secondary outcome was a composite
measure of subsequent emergency
department visits, readmission to the hospital,
or mortality.

Mortality was defined as any death after
hospital discharge. The time to death was
considered as the number of days that a person
survived after hospital discharge. Readmission
to the hospital was defined as any subsequent
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admission to any Alberta hospital after
hospital discharge.

Covariate Measures

Patient and hospital factors that might affect
the relationship between delirium and the
selected outcomes were determined a priorion
the basis of clinical experience and previous
studies (12, 15, 17, 18, 27-29). Patient factors
included age, sex, comorbidities (categorized
as 0, 1, or = 2; derived by using the Deyo
classification of Charlson comorbidities),
illness severity on ICU admission (Sequential
Organ Failure Assessment score and Acute
Physiology and Chronic Health Evaluation II
[APACHE II] score in the first 24 h of the ICU
stay), use of invasive mechanical ventilation,
use of vasoactive medications, use of
continuous renal replacement therapy, ICU
LOS, hospital LOS, and hospital discharge
disposition (categorized as transferred to an
acute care inpatient institution, transferred to
continuing care, discharged to home or a
home setting with support services or
transferred to other, and discharged home
with no support service from an external
agency being required). Hospital factors
included ICU occupancy (number of beds
occupied at discharge divided by the total
number of beds in the specific ICU), the
number of hospital and ICU beds, and
teaching hospital status.

Statistical Analysis

A propensity score-matched cohort of
patients with and without a history of delirium
was created. Propensity scores were based on
age, sex, admission type (no surgery, elective
surgery, or emergent surgery), the presence or
absence of each of the individual Charlson
comorbidities (diabetes, chronic lung disease,
chronic kidney disease, liver disease, cancer,
chronic heart or peripheral vascular disease, or
neurological disease), admission APACHE II
score, use of invasive mechanical ventilation
(yes/no), use of vasoactive medications (yes/
no), use of continuous renal replacement
therapy (yes/no), and ICU LOS (<3, 3 to <7,
or =7 d). The cohort was based on 1:1 nearest-
neighbor matching without replacement by
using the logit of the propensity score and a
specified caliper width equal to 0.05 of the SD
of the logit of the propensity score. The
analyses were repeated for the overall sample
(i.e., non—propensity score-matched cohort).
The time to mortality from hospital discharge
among the overall cohort was compared
among patients with and without a history of
delirium by using the Kaplan-Meier method to
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determine the cumulative incidence. Because
mortality is a competing risk for emergency
department visits and hospital readmission,
we considered a composite measure of the
time to the first hospital readmission, the first
emergency department visit, or mortality.
Follow-up was 2.5 years or until death, with
censoring for loss to follow-up (n = 1). Because
of the proportional hazard assumption not
being satisfied for the overall cohort, mortality
analyses were stratified by specified time
intervals (0 to 30 d, >30 to 90 d, and >90 d),
which were selected on the basis of a review of
spline plots (see Figures E1 and E2 in the online
supplement), with nonproportionality being
shown early after hospital discharge (see the
online supplement for further details). Cox
proportional hazard regression models
accounting for clustering of patients within
ICUs (by using robust sandwich variance
estimators) were used to examine the
association between delirium and the time to
the first hospital readmission, the first
emergency department visit, or mortality. All
analyses were adjusted for the same variables
included in the propensity score, with the
addition of hospital LOS (<7, 7 to <14, =14
d) and the hospital discharge disposition. A
two-sided P value of <0.05 was considered to
indicate statistical significance. Analyses used
R (version 3.5.1, R Foundation for Statistical
Computing) and the R packages “survival”
(version 2.44-1.1), “cmprsk” (version 2.2-7),
and “survRM2” (version 1.0-3). Propensity
score matching was performed using the R
package “Matchlt” (version 3.0.2) (30).
Additional details on the methods and data
analysis are provided in the online
supplement.

Ethics Approval

This study was approved by the Conjoint
Health Research Ethics Board at the
University of Calgary (REB17-0389). The
ethics approval allowed linkage of all
databases and a waiver of individual patient
consent.

Results

Study Population

There were 12,137 eligible patients admitted
to 1 of 14 mixed medical-surgical ICUs
(Figure 1). After excluding those who died in
the ICU or hospital (n = 2,079 with a history
of delirium and n = 644 without a history of
delirium), the overall study cohort for
analysis consisted of 10,396 patients who

survived to hospital discharge.
Approximately half of patients (n = 5,568
[53.6%; 95% confidence interval (CI),
52.6-54.5]) had experienced delirium
during their ICU stay. Because of a missing
admission type for 145 patients (1.4%) from
the overall cohort, propensity scores were
calculated for 5,536 patients (99.4%) who
had experienced delirium and 4,715 patients
(97.7%) who had not experienced delirium.
Of those with complete data, 2,600 patients
who had experienced delirium and 1,860
patients who had not experienced delirium
could not be matched with outcome data
within the specified caliper width of 0.05
(Figure 1; see Table E1 in the online
supplement). This resulted in a matched
cohort of 5,936 patients (Table 1).

Baseline characteristics were balanced
in the propensity score-matched cohort
(Table 1). Most patients in the matched
cohort were admitted to the ICU from the
emergency department and had a medical
diagnosis, with median APACHE II score on
admission of 18 (interquartile range [IQR],
13-23). The most common comorbidities
among patients were diabetes, chronic lung
disease, and cancer. After propensity score
matching, the median ICU LOS in patients
with a history of delirium (3.9 d [IQR,
2.4-6.1 d]) was similar to that of those
without a history of delirium (3.7 d [IQR,
2.2-5.8 d]). The median hospital LOS in the
propensity score-matched cohort was longer
in those with a history of delirium (13.9 d
[IQR, 7.0-28.8 d]) than in those without a
history of delirium (11.4 d [IQR, 6.0-21.9
d]). Most patients were discharged home
from hospital with no support services from
an external agency (Table 1). Among those
with a history of delirium, the median
number of days with delirium documented
was 2 days (IQR, 1-3 d), and the median
most severe ICDSC score throughout the
ICU stay was 6 (IQR, 5-7).

Mortality Outcomes

Mortality after hospital discharge was
increased in those who had experienced
delirium compared with those who had not
(Figure 2A). At 30 days after hospital
discharge, 3.9% of patients who had ever
experienced delirium had died, whereas 2.6%
of those who had never had delirium had died
(Table E2). By 2.5 years, 23.0% of patients who
had ever experienced delirium during their
ICU stay had died, whereas 20.9% of those who
had never had delirium had died. An increased
risk of mortality was seen in the interval of
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16,004 patients with at least
one ICU admission between
January 1, 2014, and June 30,
2016

N=193 did not link to a DAD admission

A 4

| 15,811 patients |

A 4

A 4

N=2,033 ICU admissions with ICU LOS < 24
hours

| 13,778 patients |

A4

A 4

N=875 no ICU admission with at least 1 ICDSC
assessment

| 12,903 patients |

N=766 non-Alberta residents

A4

| 12,137 patients |

N=1,741 patients died in hospital

| 10,396 patients surviving hospital |

i—l

—

5'568 ;}(’fﬁgt Overall
experienced experi cohort
delirium perience
delirium
2,600 patients 1,860 patients
»| excluded according excluded according
to propensity score > to propensity score
matching criteria or matching criteria or
v missing data v missing data
2,968 2,968
experienced did not Matched
delirium experience cohort
delirium

Figure 1. Study cohort diagram. DAD = Discharge Abstract Database; ICDSC = Intensive Care

Delirium Screening Checklist; LOS = length of stay.

0-30 days after hospital discharge, as
demonstrated by a hazard ratio (HR) of 1.44
(95% CI, 1.08-1.92) (Figure 3), and there were
no significant differences in the other time
intervals. A delirium duration of 2 or more
days in those who had experienced delirium
compared with those who had not experienced
delirium (Figure 2B, Table E4) was associated
with increased mortality 0-30 days after
hospital discharge. There was no relationship
between subsyndromal delirium (compared
with those with only ICDSC scores of 0) and
mortality after hospital discharge (Figure 2C,
Table E3). At 0-30 days after hospital
discharge, there was increased mortality in

those who had experienced delirium for
25-49% and 50-74% of their ICU stay
compared with those who had never
experienced delirium (Figure 2D, Table E6).

Healthcare Use

There was an increased association with
emergency department visits, hospital
readmission, or mortality after hospital
discharge among those who had ever
experienced delirium (1 = 2,556; 86.1%)

compared with those who had not (n =2,429;
81.5%) (HR, 1.12 [95% CI, 1.07-1.17]) during

the study period. Among those who had
experienced delirium in the ICU, 79.6%
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(n=2,362) visited the emergency room at least
once during the study period after hospital
discharge, compared with 76.8% (1 = 2,280) of
those who had not experienced delirium.
During the study period, 60.3% of patients
with a history of delirium in the ICU
(n=1,789) were readmitted to hospital after
hospital discharge, compared with 58.3%
(n=1,729) of those without a history of
delirium.

Multivariable analyses of the overall
cohort (Tables E3-E6 and Figure E3) were
similar to those of the propensity
score-matched cohort.

Discussion

In this multicenter, propensity
score-matched, population-based cohort
study, we found that ever having had delirium
in the ICU was associated with an increased
risk of mortality in the first 30 days after
hospital discharge. Delirium was also
associated with increased emergency
department visits, hospital readmissions, or
mortality up to 2.5 years after hospital
discharge. Our findings suggest that when
examining the outcomes of ICU delirium for
research or quality-improvement purposes,
follow-up for mortality to 30 days after
hospital discharge islikely sufficient. However,
longer periods of follow-up are needed when
also examining emergency department visits
and hospital readmissions.

Our multicenter, population-based study
that followed almost 6,000 ICU patients for 2.5
years is the largest and longest follow-up of the
health and health resource use of patients after
ICU delirium. Before this study, the literature
on long-term mortality outcomes after ICU
delirium comprised a total of 1,785 patients
followed for durations between 6 and 12
months after ICU discharge (12, 15, 17,
18).This literature was reviewed by Salluh and
colleagues (9), who identified four studies that
reported conflicting results. Two single-center
studies reported an increased risk of mortality
by 6 months in those who had experienced
ICU delirium, and another reported an
increased association between days of delirium
and 1-year mortality (12, 17). Ely and
colleagues (12) reported an increased risk of
mortality (HR, 3.2 [95% CI, 1.4-7.7]) at 6
months in 275 mechanically ventilated ICU
patients who had experienced delirium; the
proportion of mechanically ventilated patients
in our study was 65%, compared with 100% in
the study by Ely and colleagues (12), which

415



Table 1. Baseline Characteristics among Patients Surviving to Hospital Discharge

All Patients
Surviving to Hospital
Discharge (n =10,396)

Propensity Score—-matched
Cohort (n=5,936)

Delirium No Delirium Delirium No Delirium
Characteristic (n=5,568) (n=4,828) (n=2,968) (n=2,968)
Patient characteristics on ICU
admission
Age,” yr, median (IQR) 57 (45-68) 59 (45-69) 58 (44-69) 59 (44-69)
Sex, M,* n (%) 3,330 (59.8) 2,678 (55.5) 1,710 (57.6) 1,706 (57.5)
Comorbidities, n (%)
Diabetes* 1,455 (26.1) 1,269 (26.3) 793 (26.7) 780 (26.3)
Chronic lung disease* 1,017 (18.3) 887 (18.4) 541 (18.2) 557 (18.8)
Chronic kidney disease* 301 (5.4) 253 (5.2) 166 (5.6) 158 (5.3)
Liver disease* 526 (9.4) 275 (5.7) 202 (6.8) 218 (7.3)
Cancer* 519 (9.3) 715 (14.8) 348 (11.7) 355 (12.0)
Chronic heart or peripheral 1,011 (18.2) 876 (18.1) 513 (17.3) 538 (18.1)
vascular disease*
Neurological disease 543 (9.8) 215 (4.5) 199 (6.7) 184 (6.2)
Charlson category, n (%)
0 1,979 (35.5) 1,723 (35.7) 1,135 (38.2) 1,044 (35.2)
1 1,212 (21.8) 1,041 (21.6) 616 (20.8) 669 (22.5)
=2 2,377 (42.7) 2,064 (42.8) 1,217 (41.0) 1,255 (42.3)
Admission type,*T n (%)
Elective surgery 277 (5.0) 543 (11.5) 226 (7.6) 241 (8.1)
Emergent surgery 917 (16.6) 970 (20.6) 597 (20.1) 591 (19.9)
No surgery 4,342 (78.4) 3,202 (67.9) 2,145 (72.3) 2,136 (72.0)
Admission reason,* n (%)
Medical 3,635 (63.9) 2,844 (60.4) 1,783 (60.2) 1,869 (63.0)
Neurological 413 (7.5) 162 (3.4) 198 (6.7) 129 (4.3)
Surgical 1,049 (19.0) 1,490 (31.6) 730 (24.6) 801 (27.0)
Trauma 535 (9.7) 213 (4.5) 253 (8.5) 167 (5.6)
Location before ICU admission,
n (%)
Emergency 2,959 (53.1) 2,126 (44.0) 1,488 (50.1) 1,355 (45.7)
Interfacility 155 (2.8) 135 (2.8) 77 (2.6) 86 (2.9)
Operating or recovery room 1,006 (18.1) 1,339 (27.7) 698 (23.5) 736 (24.8)
Other 218 (3.9) 193 (4.0) 106 (3.6) 114 (3.8)
Hospital ward 1,230 (22.1) 1,035 (21.4) 599 (20.2) 677 (22.8)
SOFA score, median (IQR) 7 (5-10) 5 (3-7) 6 (4-8) 5 (3-8)
APACHE Il score,* median (IQR) 20 (16-26) 16 (11-21) 18 (14-23) 18 (13-23)
Interventions received in ICU
Invasively ventilated,” n (%) 4,389 (78.8) 2,379 (49.3) 1,963 (66.1) 1,934 (65.2)
Noninvasive mechanical 764 (13.7) 657 (13.6) 336 (11.3) 439 (14.8)
ventilation, n (%)
Vasoactive medications,* n (%) 2,839 (51.0) 1,579 (32.7) 1,196 (40.3) 1,151 (38.8)
Continuous renal replacement 389 (7.0) 79 (1.6) 95 (3.2) 75 (2.5)
therapy,* n (%)
Patient characteristics on ICU
discharge
Discharge SOFA score, median 1 (0-3) 1 (0-3) 1 (0-3) 1 (0-3)
(IQR)
ICU length of stay, d,” median 5.9 (8.3-11.0) 2.8 (1.9-4.7) 3.9 (2.4-6.1) 3.7 (2.2-5.8)
(IQR)
Patient characteristics on hospital
discharge
Hospital length of stay, d, median 18.2 (9.3-38.5) 9.7 (5.2-19.1) 13.9 (7.0-28.8) 11.4 (6.0-21.9)
(IQR)
Hospital discharge disposition,$
n (%)
Transferred to acute care inpatient 1,241 (22.3) 730 (15.1) 589 (19.9) 516 (17.4)
institution
Transferred to continuing care 461 (8.3) 158 (3.3) 223 (7.5) 111 (3.7)
Transferred to other!l 48 (0.9) 25 (0.5) 22 (0.7) 16 (0.5)
(Continued)
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Table 1. (Continued)

Characteristic

Discharged to home or a home
setting with support services
Discharged home with no support
service from an external
agency required
Hospital characteristics
Teaching hospital, n (%)
=600 hospital beds, n (%)
=20 ICU beds, n (%)
ICU occupancy =80%, n (%)

All Patients
Surviving to Hospital
Discharge (n=10,396)

Delirium No Delirium

(n=5,568) (n=4,828)
836 (15.0) 712 (14.8)
2,971 (53.5) 3,198 (66.3)
4,805 (86.3) 3,768 (78.0)
3,670 (65.9) 2,732 (56.6)
3,318 (59.6) 2,408 (49.9)
4,388 (78.8) 3,489 (72.3)

Propensity Score-matched
Cohort (n=5,936)

Delirium No Delirium
(n=2,968) (n=2,968)
441 (14.9) 455 (15.4)
1,689 (57.0) 1,866 (63.3)
2,531 (85.3) 2,397 (80.8)
1,909 (64.3) 1,754 (59.1)
1,731 (58.3) 1,544 (52.0)
2,301 (77.5) 2,193 (73.9)

Definition of abbreviations: APACHE |l = Acute Physiology and Chronic Health Evaluation II; IQR =interquartile range; SOFA = Sequential Organ

Failure Assessment.

*Variable included in propensity score.
7145 patients missing data.

155 patients missing data.

SData unknown for 16 patients.

lncludes emergency and ambulatory care (day surgery and clinics) in another facility or within the same reporting facility, palliative care facility or
hospice, addiction treatment center, jails, and infants/children discharged to a social agency.

may explain the higher risk of mortality at 6
months. In 105 nonintubated ICU patients,
Van Rompaey and colleagues (15) reported
increased odds of mortality at 6 months in
those who had experienced ICU delirium
(odds ratio, 3.80 [95% CI, 1.11-13.05];
adjusted for age and sex); this is in contrast to
the current study, although the study by Van
Rompaey and colleagues(15) included all
patients rather than just including those
surviving to hospital discharge, which may
explain the strength of the odds ratio reported.
Pisani and colleagues (18) found a relationship
between days with delirium and mortality
(HR, 1.10 [95% CI, 1.02-1.18]) in an older
(>60 yr) ICU population. A more recent
single-center study of 1,101 ICU patients
reported no relationship between delirium
and mortality at 1 year. The previous studies
on outcomes of ICU delirium varied in their
ability to control for potential confounders,
including the admission type and illness
severity, which may further explain the
discrepancy in findings (9). The sample sizes
(between 105and 1,101 patients; 1,785 in total)
of the previous investigations resulted in wide
ClIs, which may also account for the observed
differences.

Subsyndromal delirium (i.e., exhibiting
symptoms of delirium that do not reach the
diagnostic threshold) has received less
attention in the literature (31). A systematic
review by our team found an inconclusive
association between subsyndromal delirium

and mortality (31); three single-center studies
(with sample sizes ranging from 162 to 537
patients) reported no association between
subsyndromal delirium using the ICDSC and
mortality in univariate (32, 33) and
multivariable (34) analyses. In the current
study, there was also no dose-response
relationship observed between delirium
severity and mortality. That is, the
relationship between mortality and delirium
was no different between patients who had
shown subthreshold scores of delirium (i.e.,
ICDSC scores of 1-3) and patients who had
shown threshold scores of delirium (i.e.,
ICDSC scores =4). However, at up to 30 days
after hospital discharge, both the number of
days with delirium (i.e., 2 d or more) and the
percentage of time with delirium (i.e.,
between 25% and 75% of the ICU stay) were
associated with increased mortality. It
appears that the amount of time spent with
delirium (measured in both days and the
percentage of time) may portend a worse
outcome than delirium severity in ICU
patients who survive to hospital discharge.
Our investigation into the association
between ICU delirium and subsequent health
resource use in ICU patients after hospital
discharge is novel. We found an association
between ICU delirium and subsequent
emergency department visits, hospital
readmissions, or mortality up to 30 days after
hospital discharge. In line with previous
studies, we also found an increased ICU and
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hospital LOS among patients who had
experienced delirium. The 30-day cumulative
cost associated with ICU delirium attributable
to increased resource use is reported to be over
$17,000 in U.S. dollars per patient (35). This
suggests that the long-term burden of delirium
is costly not only for the patient but also for the
healthcare system.

Our study had notable strengths,
including the number of patients included
and the duration of follow-up. Importantly,
delirium was measured by using the same
validated instrument with the same timing
and frequency for all participants. We were
able to control for many potential
confounders at the individual patient level
and conducted a propensity score-matched
analysis. Even with propensity score
matching, it is possible that residual
confounding exists—an inherent risk of
observational studies. For example, given
the nature of the data used, we were unable to
control for the presence of Alzheimer disease
and related dementias, which may be
associated with both delirium and our
outcomes of interest (36). It is difficult to
disentangle the effect of ICU LOS on the
association between delirium and long-term
outcomes; control of variables associated
with both the exposure and outcomes (e.g.,
severity of illness, receipt of mechanical
ventilation) are essential to understand this
relationship. The use of propensity scores
introduces the risk of selection bias because
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Figure 2. Delirium and cumulative incidence of mortality (A) after hospital discharge among all patients, (B) stratified by number of delirium days, (C)
stratified by highest ICDSC score, and (D) stratified by percentage of time with delirium for the propensity score-matched cohort. ICDSC = Intensive
Care Delirium Screening Checklist.

no outcome data are provided for those
individuals who had experienced delirium
who were not matched and individuals with
more comorbidities and a higher severity of
illness. This suggests that the estimates of

mortality and healthcare use associated with
delirium are likely conservative. Our study
did not assess patient- and family
member-reported post-ICU discharge
outcomes, including cognitive impairment,

depression, and post-traumatic stress
disorder (13, 37, 38). These established
effects of critical illness may also confer an
increased risk of mortality and health
resource use in patients who have had
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Figure 3. Forest plot of hazard ratios for mortality after hospital discharge by time for the

propensity score-matched cohort. Cl = confidence interval.

delirium. The linked administrative data
used did not provide information on
primary care visits or private supports (e.g.,
psychologist, family caregiver) used after
hospital discharge. There were missing
ICDSC assessment data; however, the
percentage of days with no ICDSC score was

Hazard Ratio (95% CI)

Increased Mortality

similar between groups with and without a
history of delirium. We were unable to
determine the cause of death for people
dying within the first 30 days of hospital
discharge, but the proximity to the ICU
admission suggests that mortality may be
modifiable by enacting targeted processes at

discharge. This population-based,
multicenter study conducted in a single-
payer health system allowed for
comprehensive follow-up of all patients.
Jurisdictions with different patient
populations and health systems may have
different experiences.

Delirium in the ICU is associated with an
increased risk of mortality in critically ill
patients up to 30 days after hospital discharge.
ICU delirium is also associated with increased
emergency department visits, hospital
readmissions, or mortality after hospital
discharge. Delirium is a common, life-
threatening complication of critical illness that
places patients at risk of negative clinical
outcomes and increased health resource use
after an ICU admission. M

1.44 (1.08-1.92)
1.00 (0.84—1.20)

1.02 (0.90-1.16)

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