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Abstract

Objective—Delirium occurs frequently in adults, and is an independent predictor of mortality. 

However, the epidemiology and outcomes of pediatric delirium are not well-characterized. The 

primary objectives of this study were to describe the incidence of delirium in critically ill children, 

its duration, associated risk factors, and effect on in-hospital outcomes, including mortality. 

Secondary objectives included determination of delirium subtype, and effect of delirium on 

duration of mechanical ventilation (MV), and length of hospital stay (LOS).

Design—Prospective longitudinal cohort study.
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Setting—Urban academic tertiary care pediatric intensive care unit (PICU).

Patients—All consecutive admissions from September 2014 through August 2015.

Intervention—Children were screened for delirium twice daily throughout their ICU stay.

Measurements and Main Results—Of 1547 consecutive patients, delirium was diagnosed in 

267 (17%), and lasted a median of two days (IQR 1,5). Seventy-eight percent of children with 

delirium developed it within the first three PICU days. Most cases of delirium were of the 

hypoactive (46%) and mixed (45%) subtypes; only 8% of delirium episodes were characterized as 

hyperactive delirium. In multivariable analysis, independent predictors of delirium included age ≤2 

years, developmental delay, severity of illness, prior coma, mechanical ventilation, and receipt of 

benzodiazepines and anticholinergics. PICU LOS was increased in children with delirium 

(adjusted relative LOS 2.3, CI= 2.1, 2.5, p<0.001), as was duration of MV (median 4 vs. 1 day, 

p<0.001). Delirium was a strong and independent predictor of mortality (adjusted OR 4.39, CI= 

1.96–9.99, p<0.001).

Conclusions—Delirium occurs frequently in critically ill children and is independently 

associated with mortality. Some in-hospital risk factors for delirium development are modifiable. 

Interventional studies are needed to determine best practices to limit delirium exposure in at-risk 

children.
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Introduction

Delirium is a frequent and serious complication of critical illness, and has been linked to 

increased mortality, prolongation and complication of hospitalization, and long-term 

disability(1,2). An extensive literature exists describing the incidence, duration, risk factors, 

subtypes, and outcomes of delirium in adults, but there are few prospective longitudinal 

studies in critically ill children that describe the natural history of pediatric delirium (PD)(3–

6).

In this study, we describe a cohort of children admitted to a single pediatric intensive care 

unit (PICU) over a calendar year. Our objective was to screen each child for delirium daily, 

from PICU admission through discharge, to determine incidence of delirium, time to onset, 

duration and fluctuation of clinical manifestations, phenotype of delirium, associated risk 

factors, and effect of delirium on in-hospital outcome measures (including mortality, length 

of stay (LOS), and duration of mechanical ventilation (MV). This is one of several planned 

analyses involving this cohort of patients, and all data described here are novel and have not 

been published elsewhere. A subset of these patients were included in an analysis of the 

effect of PD on hospital costs(7).

Materials and Methods

The Weill Cornell Medical College Institutional Review Board approved this observational, 

minimal risk study with waiver of requirement for informed consent. This prospective 
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longitudinal study took place in an urban, academic, tertiary care, mixed PICU. All patients 

admitted to the PICU service for at least 24 hours between September 1, 2014 and August 

31, 2015 were included.

Consistent with our PICU standard, each child was screened for delirium twice daily by the 

bedside nurse, at 6 am and 6 pm, using the Cornell Assessment of Pediatric Delirium 

(CAPD)(8). This is also consistent with the recent position paper published by the European 

Society of Paediatric and Neonatal Intensive Care (ESPNIC), recommending use of CAPD 

to assess for pediatric delirium (grade of recommendation = A) every 8–12 hours(9). The 

CAPD is a well-validated observational 8-item tool that can reliably distinguish between 

pain, agitation, residual sedation, and delirium(8,9). A CAPD score of 9 or higher represents 

a positive screen; the diagnosis is then confirmed by the physician(8). Any developmentally 

delayed child who screened positive for delirium on the CAPD subsequently had the 

diagnosis of delirium confirmed (or refuted) by an intensivist or psychiatrist prior to being 

classified as delirious. (The clinician had to establish an alteration from mental status at pre-

hospital baseline, in order to ensure that static encephalopathy – i.e.: the underlying 

developmental delay – was not confused with delirium).

Each child was assigned a daily status: “comatose” (patients with a Richmond Agitation 

Sedation Scale (RASS) score of −4 or −5, who are unarousable to verbal stimulation(10,11), 

and therefore impossible to assess for delirium), “delirious” (CAPD score ≥9 with diagnosis 

confirmed by physician), or “normal” mental status (i.e.: delirium-free and coma-free 

(DFCF)). If an assessment opportunity was missed (due to noncompliance with screening 

protocol), status for that day was designated as “unknown”.

All patients who were diagnosed with delirium at least once during their PICU stay were 

designated “ever delirious” and compared to those patients who were never delirious. Time 

to onset of delirium was defined as the number of days from PICU admission to the first 

diagnosis of delirium. Duration of delirium was defined as the number of days spent 

delirious during the PICU stay. Recurrent delirium (which frequently is a warning sign of 

new inter-current illness) was defined as a second episode of delirium during a single 

hospital admission, following a minimum of 24 hours spent with normal mental status 

(DFCF).

Delirium subtype was determined by psychomotor activity and level of alertness, as assessed 

by the RASS, over the 24 hour period(11, 12). The frequency of RASS assessment was 

dependent on patient’s acuity level, and ranged from hourly to every 4 hours. The RASS 

score ranges from −5 (unarousable), through 0 (alert and calm), to +4 (combative)(10). 

Delirious children with RASS scores from 0 to −3 were designated as having hypoactive 

delirium. Delirious children with RASS scores from 0 to +4 were designated as having 

hyperactive delirium. Children with RASS scores crossing zero (including both negative and 

positive numbers) were designated as having mixed delirium.

Demographic data, including age, sex, primary diagnosis, pre-existing medical conditions, 

severity of illness (as measured by Pediatric index of Mortality-3 (PIM3) score(13), and 

divided into tertiles), and developmental status were collected on admission. As 
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developmentally delayed children are at increased risk for developing delirium during 

critical illness, it is important to include these children in delirium research (8). 

“Developmental delay” was defined as a Pediatric Cerebral Performance Category (PCPC) 

of 4 (severe disability; conscious but dependent on others for daily support because of 

impaired brain function) at pre-hospital baseline (14).

Individual patient data, including Pediatric Logistic Organ Dysfunction 2 (PELOD-2) 

score(15) (after excluding neurologic component so as not to allow the presence of delirium 

to affect daily organ dysfunction score), RASS scores(10, 12), CAPD scores(8), need for 

respiratory support, and exposure to medications by categories (including narcotics, 

benzodiazepines, corticosteroids, anticholinergics, vasoactive medications, and 

neuroleptics), as well as other variables were collected daily. Upon discharge from hospital, 

mortality, duration of MV, PICU LOS, and hospital LOS were recorded.

Statistical Analysis

Demographic and clinical data were reported as N (%) and median (IQR) for categorical and 

continuous variables, respectively. Bivariate relationships between relevant variables and 

delirium development (ever vs. never delirious) were analyzed by Chi-Square/Fisher’s Exact 

tests, as appropriate. A conservative approach was taken towards unknown days, presuming 

them to be non-delirious, in order to avoid overestimating delirium presence. Multivariable 

logistic regression, modeling delirium development (ever/never), was constructed from bi-

directional stepwise selection based on Akaike information criterion (AIC) of all factors 

from bivariate analyses that reached significance of 0.1. A multivariable linear regression 

was constructed to model PICU LOS, using same approach of the following relevant risk 

factors: delirium development, mechanical ventilation, probability of mortality, age, 

developmental delay, and pre-existing medical condition. Because LOS was skewed, LOS 

was log-transformed prior to modeling. A final multivariable logistic regression was 

constructed to assess the independent effect of delirium development on in-hospital 

mortality after controlling for severity of illness on admission. Statistical tests were two-

sided with significance evaluated at 0.05 alpha level. Analyses were performed with R 

version 3.2.4 for Windows 64-bit.

Results

Descriptives of Patient Population

Our cohort included 1,547 unique admissions, and 7,591 study days. Demographic and 

clinical patient information is presented in Table 1. Fifty-seven percent of patients were 

male, 59% were under age five, and 21% were developmentally delayed. Forty-six percent 

were admitted with a primary diagnosis of respiratory failure, and 31% were admitted for 

post-operative care. Forty-two percent of patients were mechanically ventilated during their 

PICU stay. Forty-three percent were prescribed narcotics, 29% benzodiazepines, and 41% 

corticosteroids during their PICU course. Only seven percent of patients were on vasoactive 

medications. The average probability of mortality (POM) as calculated by PIM3 was 2%, 

with a median of 1%. Median PICU LOS was three days.
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Delirium Incidence and Associated Risk Factors

Delirium was diagnosed in 267 patients, for an incidence of 17.3%. Of the 7,591 patient 

study days, 1,259 were days with delirium, for a prevalence of 16.6% in this cohort. 566 

patient days (7.5%) were classified as days with coma (almost always medication-induced), 

and 5671 patient days (74.7%) as days with normal mental status (DFCF). Only 95 patient 

days (<2%) were classified as unknown, due to missed opportunities for delirium screening.

In bivariate analyses(Table 1), pre-existing factors associated with diagnosis of delirium 

included age ≤2 years, developmental delay, pre-existing medical condition, and severity of 

illness. PICU-related factors linked to the development of delirium included mechanical 

ventilation (MV), coma, and receipt of benzodiazepines, narcotics, corticosteroids, 

anticholinergics, and vasoactive medications.

In multivariable modeling, independent predictors of delirium included age ≤2 years, 

developmental delay, severity of illness, mechanical ventilation, ever coma, and 

administration of benzodiazepines and anticholinergics(Table 2). After step-wise selection, 

narcotics fell out of the final model. The adjusted odds for delirium diagnosis were more 

than five times greater in patients who ever received benzodiazepines, as compared to those 

who never received benzodiazepines (adjusted OR=5.2, CI=3.7,7.5, p<0.001)(Table 2).

Description of Delirium

In the 267 patients who were delirious, duration of delirium ranged from one to 52 days, 

with an interquartile range of 1–5 days, and a median of two days(Figure 1a). Of those who 

were ever delirious, 77.5% were diagnosed with delirium within the first three PICU days, 

and 65.5% within the first 48 hours of admission(Figure 1b). Twenty-seven percent 

experienced recurrent delirium, with 71 patients experiencing at least 2 discrete episodes of 

delirium (range 2–14 delirium episodes in patients with recurrent delirium).

When assessed by phenotype, only eight percent (8.4%) of patient days with delirium were 

hyperactive. Forty-six percent (46.4%) of patient days with delirium were hypoactive, and 

45.2% were mixed-type.

PELOD Scores (even after discounting neurologic component) were significantly higher on 

days with delirium, as compared to PELOD scores on days without delirium (mean 3.9 vs 

2.2, p<0.001).

Effect on In-Hospital Outcomes

PICU and hospital LOS were both increased in children with delirium (median 7 vs. 3 days, 

p<0.001, and 8 vs. 3 days, p<0.001, respectively). After controlling for relevant confounders, 

including probability of mortality and mechanical ventilation, children with delirium 

demonstrated a more than two-times longer PICU LOS (adjusted relative LOS=2.3, 

CI=2.1,2.5, p<0.001)(Table 3). Duration of MV was associated with delirium status as well 

(median 4 vs. 1 day(s) for those ever delirious as compared to MV children who were never 

delirious(p<0.001)(Table 1). In-hospital mortality was significantly greater for children with 

delirium (5.24% vs. 0.94%, p<0.001), even after controlling for POM on admission, with 

adjusted OR for mortality of 4.39 (CI=1.96,9.99) for those ever delirious(p<0.001).
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Discussion

To our knowledge, this is the most comprehensive description of delirium in critically ill 

children to date, and the only study to follow each child throughout his/her PICU stay, with 

prospective daily assessment of delirium status and delirium subtype.

Monitoring for Pediatric Delirium

Consistent with the adult and pediatric literature, this study shows that delirium occurs 

frequently in critically ill children, and is linked to poor outcomes(1,3–5,16–18). There are 

clearly identifiable demographic risk factors associated with PD, such as young age and 

developmental delay(19–21). This perhaps parallels the adults at highest risk: those in the 

geriatric age group, and those with dementia(22,23). The extremely young and extremely 

old, and those with pre-existing cognitive dysfunction, seem to be most vulnerable to 

developing delirium when exposed to the physiologic stress of critical illness. Consistent 

with previous work by Schieveld, et al., severity of illness is associated with development of 

delirium(19). We have also identified several modifiable risk factors – deep sedation 

(represented here as coma status), and prescribing patterns that include benzodiazepines and 

anticholinergics. As conceptualized by Inouye, et al., in a seminal work on geriatric 

delirium, the interaction between predisposing and precipitating risk factors can lead to 

delirium. By avoiding precipitating factors, particularly in high-risk subgroups, we may be 

able to decrease the delirium burden in children(24).

It is important to note that, as in adults, only a minority of delirium was of the easily 

recognizable hyperactive subtype(1,25,26). In adults, hypoactive delirium is thought to be 

the most severe form of delirium, with worse prognostic implications(27). In addition, 

hypoactive subtype of delirium may be less likely to respond to treatment with 

antipsychotics (28). Further study is needed to determine whether this is true in children as 

well.

Consistent with the literature, many children were delirious during their first few PICU days. 

Without routine screening, these children, as well as children with hypoactive delirium, are 

likely underdiagnosed(29). This is of great clinical significance, as screening facilitates 

detection which allows for earlier intervention, and may lead to a decrease in delirium 

duration(30).

Benzodiazepines and Pediatric Delirium

In our cohort, delirium incidence was five times as likely in children who received 

benzodiazepines. While this is consistent with existing literature, where benzodiazepines 

have clearly been implicated in the development delirium in adults, it would be premature to 

assume the same in pediatrics(31–34). Before concluding that benzodiazepines contribute to 

the development of delirium, it is essential to assess the clinical order of events, and 

carefully account for the intricate relationship between benzodiazepine use, narcotic use, 

mechanical ventilation, and delirium in children. Standard approaches to adjusting for 

confounding may be affected by exposure to time-dependent covariates. Granular data 

collection regarding daily exposure to benzodiazepines and narcotics, including specific 
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drugs administered, route of administration, number of doses, cumulative unit/kg/day of 

individual drugs, and of drug classes, is necessary(33,35). This is beyond the scope of this 

study, but is necessary in order to systematically assess the probability of transitioning to 

delirium with benzodiazepine usage. Plans for such a study are underway.

Pediatric Delirium and Mortality

In this cohort, there is a strong and independent relationship between ever being delirious, 

and in-hospital mortality. It is important to stress that this is merely an association; we do 

not attempt to show causality in this observational study. Nonetheless, it is interesting to 

note that delirium was a stronger predictor of mortality (OR 4.4) than the well-validated and 

widely-used PIM3 score (OR 3.2 for patients in the highest tertile compared to the lowest)

(13). This is consistent with the findings in adults, where delirium has subsequently been 

included in prognostic scores(36,37). It is important that pediatric critical care practitioners 

pay attention to delirium, as it is an early-warning sign for patients who may fare worse.

Delirium Pathophysiology and Phenotype

It is noteworthy that despite a prolific amount of research on delirium in adults, with 

thousands of articles published in peer-reviewed journals over the past decade, the 

pathophysiology is still incompletely understood, and there are few evidence-based 

treatment strategies(1). Some studies have shown that antipsychotics shorten the duration of 

delirium; others have shown that antipsychotics are associated with transition to 

delirium(35,38,39). There is research that indicates that corticosteroids may increase the risk 

of delirium in geriatric patients, and additional research that suggests that corticosteroids are 

not harmful, and may be protective against the development of delirium after 

cardiopulmonary bypass (40–42). It is likely that although the final common pathway 

leading to delirium may be the same (alteration in neurotransmission, which results in an 

acute and fluctuating change in awareness and cognition), there are many disparate 

etiologies that can trigger the delirium cascade(43). This complex pathophysiology makes a 

one-size-fits-all approach to treatment unrealistic. We believe that it is necessary to identify 

discrete etiologies of delirium in order to determine how best to treat. When a child is 

diagnosed with delirium, the question should not be only: “How do I treat this delirium?”, 

but also “Why is this child delirious?”. With an understanding of the precipitating factors in 

the particular child, one can design an effective intervention(44–46).

Although as yet there are few evidence-based treatment strategies for delirium, we suggest 

the following three-pronged approach: investigating for underlying illness, iatrogenic causes, 

and abnormal environment. When delirium is diagnosed, the clinician should first assess for 

underlying illness that may have precipitated the delirium (as examples: a new urinary tract 

infection, or hypoxia). Then, investigation into iatrogenic causes is necessary (for instance, 

does the patient have evidence of opiate withdrawal?). Finally, environmental causes should 

be recognized and modified as able (mobilization of a bed-bound patient, attempts at 

creating an environment that promotes sleep, etc…) (6, 21, 45). For those children who 

remain delirious after the clinician has addressed these factors, pharmacologic treatment 

may be considered. The atypical antipsychotics (in particular, quetiapine) have been used 

safely for treatment of delirium in critically ill children (46–48).
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This single-center study, with only 267 children with delirium, was not powered to allow for 

subgrouping and determination of precipitating causes. However, three important 

classification systems are suggested by these results. The first is the classification of 

delirium by subtype (hyperactive, hypoactive, and mixed), which has been intensively 

investigated in the adult literature(1,26,27). The second classification is delirium by time to 

event– early vs. late onset. We suspect that early-onset delirium (within 72 hours of 

admission) may have different etiologies than delirium that occurs later in the PICU course 

(as was true for 22% of patients). This has direct implications on the development of 

treatment strategies. With further study of late-onset delirium, we may be able to identify 

hospital-associated risk factors that are modifiable(21,49,50). The third classification is 

delirium by duration. A majority of children are delirious for only 1–2 days. It is likely that 

children with longer duration of delirium have a more severe form, with different causes, 

treatments, and heightened effect on outcomes(36,51,52). Large-scale multi-institutional 

studies will be necessary to further investigate these (and other) delirium classification 

systems.

Limitations

This study has several limitations. Notably, it is an observational study and can only 

determine associations. We attempted to control for many factors that could explain 

differences found between children with and without delirium, but it is likely that others 

were missed, and we do not intend to imply causality in regard to outcome variables. 

Additionally, this is a single-center study, in a PICU that is highly attuned to delirium, so the 

incidence and prevalence of delirium reported here may not be widely generalizable. Over 

the past several years, with increased awareness of PD in our unit, we have modified the way 

we care for children (with respect to prescribing practices, sedation strategies, and 

environmental modifications). This has decreased the overall incidence of delirium in our 

PICU, as compared with delirium rates in other units(21, 53). The medical staff were aware 

of the patients’ delirium status, and when delirium was diagnosed, it was acted upon, likely 

shortening its duration. It is likely that in PICUs that do not screen for delirium, its incidence 

may be higher and duration longer. Further multi-institutional studies of PD are necessary.

Conclusion

Delirium is common in critically ill children and is independently associated with in-hospital 

mortality. Several in-hospital risk factors for delirium development are modifiable, and 

interventional studies are needed to determine best practices to limit delirium exposure in at-

risk children.
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FIGURE 1. 
FIGURE 1a: Duration (in days) of delirium (n=267 patients)

FIGURE 1b: Time (in PICU days) to onset of delirium (n=267 patients)

Traube et al. Page 13

Crit Care Med. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Traube et al. Page 14

Ta
b

le
 1

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
(N

=
15

47
)

C
ha

ra
ct

er
is

ti
c

D
es

cr
ip

ti
ve

O
ve

ra
ll 

C
oh

or
t 

(N
=1

54
7)

, N
 (

%
)

N
ev

er
 D

el
ir

io
us

 (
N

=1
28

0)
, N

 (
%

)
E

ve
r 

D
el

ir
io

us
 (

N
=2

67
),

 N
 (

%
)

p-
va

lu
e

Se
x

M
al

e
88

0 
(5

6.
88

%
)

72
5 

(5
6.

64
%

)
15

5 
(5

8.
05

%
)

0.
72

2
Fe

m
al

e
66

7 
(4

3.
12

%
)

55
5 

(4
3.

36
%

)
11

2 
(4

1.
95

%
)

A
ge

 a
t 

A
dm

is
si

on
 (

ye
ar

s)

0–
2

59
2 

(3
8.

27
%

)
47

8 
(3

7.
34

%
)

11
4 

(4
2.

70
%

)

0.
03

1
>

2–
5

31
7 

(2
0.

49
%

)
25

3 
(1

9.
77

%
)

64
 (

23
.9

7%
)

>
5–

13
35

0 
(2

2.
62

%
)

29
8 

(2
3.

28
%

)
52

 (
19

.4
8%

)

>
13

28
8 

(1
8.

62
%

)
25

1 
(1

9.
61

%
)

37
 (

13
.8

6%
)

P
ro

ba
bi

lit
y 

of
 M

or
ta

lit
y1

<
=

0.
8%

51
8 

(3
3.

48
%

)
46

5 
(3

6.
33

%
)

53
 (

19
.8

5%
)

<
0.

00
1

>
0.

8%
 &

 <
=

 1
.4

%
50

9 
(3

2.
90

%
)

44
0 

(3
4.

38
%

)
69

 (
25

.8
4%

)

>
1.

4%
52

0 
(3

3.
61

%
)

37
5 

(2
9.

30
%

)
14

5 
(5

4.
31

%
)

A
dm

it
ti

ng
 D

ia
gn

os
is

 C
at

eg
or

y

R
es

pi
ra

to
ry

 in
su

ff
ic

ie
nc

y/
fa

ilu
re

70
9 

(4
5.

83
%

)
58

9 
(4

6.
02

%
)

12
0 

(4
4.

94
%

)

0.
22

2

In
fe

ct
io

us
/in

fl
am

m
at

or
y

17
6 

(1
1.

38
%

)
14

4 
(1

1.
25

%
)

32
 (

11
.9

9%
)

C
ar

di
ac

 d
is

ea
se

12
7 

(8
.2

1%
)

96
 (

7.
50

%
)

31
 (

11
.6

1%
)

N
eu

ro
lo

gi
c 

di
so

rd
er

36
6 

(2
3.

66
%

)
30

4 
(2

3.
75

%
)

62
 (

23
.2

2%
)

H
em

at
ol

og
ic

/O
nc

ol
og

ic
 d

is
or

de
r

68
 (

4.
40

%
)

60
 (

4.
69

%
)

8 
(3

.0
0%

)

R
en

al
/M

et
ab

ol
ic

 d
is

or
de

r
10

1 
(6

.5
3%

)
87

 (
6.

80
%

)
14

 (
5.

24
%

)

P
re

-E
xi

st
in

g 
M

ed
ic

al
 C

on
di

ti
on

N
o

47
9 

(3
0.

96
%

)
42

3 
(3

3.
05

%
)

56
 (

20
.9

7%
)

<
0.

00
1

Y
es

10
68

 (
69

.0
4%

)
85

7 
(6

6.
95

%
)

21
1 

(7
9.

03
%

)

D
ev

el
op

m
en

ta
l D

el
ay

2
N

o
12

28
 (

79
.3

8%
)

10
73

 (
83

.8
3%

)
15

5 
(5

8.
05

%
)

<
0.

00
1

Y
es

31
9 

(2
0.

62
%

)
20

7 
(1

6.
17

%
)

11
2 

(4
1.

95
%

)

E
ve

r 
in

 C
om

a3
N

o
14

10
 (

91
.1

4%
)

12
36

 (
96

.5
6%

)
17

4 
(6

5.
17

%
)

<
0.

00
1

Y
es

13
7 

(8
.8

6%
)

44
 (

3.
44

%
)

93
 (

34
.8

3%
)

E
ve

r 
M

ec
ha

ni
ca

lly
 V

en
ti

la
te

d
N

o
90

5 
(5

8.
50

%
)

82
5 

(6
4.

45
%

)
80

 (
29

.9
6%

)
<

0.
00

1
Y

es
64

2 
(4

1.
50

%
)

45
5 

(3
5.

55
%

)
18

7 
(7

0.
04

%
)

B
en

zo
di

az
ep

in
es

4
N

ev
er

11
04

 (
71

.3
6%

)
10

25
 (

80
.0

8%
)

79
 (

29
.5

9%
)

<
0.

00
1

E
ve

r
44

3 
(2

8.
64

%
)

25
5 

(1
9.

92
%

)
18

8 
(7

0.
41

%
)

Crit Care Med. Author manuscript; available in PMC 2018 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Traube et al. Page 15

C
ha

ra
ct

er
is

ti
c

D
es

cr
ip

ti
ve

O
ve

ra
ll 

C
oh

or
t 

(N
=1

54
7)

, N
 (

%
)

N
ev

er
 D

el
ir

io
us

 (
N

=1
28

0)
, N

 (
%

)
E

ve
r 

D
el

ir
io

us
 (

N
=2

67
),

 N
 (

%
)

p-
va

lu
e

N
ar

co
ti

cs
4

N
ev

er
88

3 
(5

7.
08

%
)

80
6 

(6
2.

97
%

)
77

 (
28

.8
4%

)
<

0.
00

1
E

ve
r

66
4 

(4
2.

92
%

)
47

4 
(3

7.
03

%
)

19
0 

(7
1.

16
%

)

V
as

oa
ct

iv
e 

M
ed

ic
at

io
ns

4
N

ev
er

14
38

 (
92

.9
5%

)
12

32
 (

96
.2

5%
)

20
6 

(7
7.

15
%

)
<

0.
00

1
E

ve
r

10
9 

(7
.0

5%
)

48
 (

3.
75

%
)

61
 (

22
.8

5%
)

C
or

ti
co

st
er

oi
ds

4
N

ev
er

90
8 

(5
8.

69
%

)
77

8 
(6

0.
78

%
)

13
0 

(4
8.

69
%

)
<

0.
00

1
E

ve
r

63
9 

(4
1.

31
%

)
50

2 
(3

9.
22

%
)

13
7 

(5
1.

31
%

)

A
nt

i-
C

ho
lin

er
gi

cs
4

N
ev

er
40

5 
(2

6.
18

%
)

37
3 

(2
9.

14
%

)
32

 (
11

.9
9%

)
<

0.
00

1
E

ve
r

11
42

 (
73

.8
2%

)
90

7 
(7

0.
86

%
)

23
5 

(8
8.

01
%

)

In
-h

os
pi

ta
l M

or
ta

lit
y

N
ev

er
15

21
 (

98
.3

2%
)

12
68

 (
99

.0
6%

)
25

3 
(9

4.
76

%
)

<
0.

00
1

E
ve

r
26

 (
1.

68
%

)
12

 (
0.

94
%

)
14

 (
5.

24
%

)

D
es

cr
ip

tio
n 

of
 th

e 
15

47
 a

dm
is

si
on

s 
to

 th
e 

PI
C

U
 d

ur
in

g 
th

e 
st

ud
y 

pe
ri

od
. I

n 
bi

va
ri

at
e 

an
al

ys
es

, p
re

-e
xi

st
in

g 
fa

ct
or

s 
as

so
ci

at
ed

 w
ith

 d
ia

gn
os

is
 o

f 
de

lir
iu

m
 in

cl
ud

ed
 a

ge
 ≤

2 
ye

ar
s,

 d
ev

el
op

m
en

ta
l d

el
ay

, p
re

-
ex

is
tin

g 
m

ed
ic

al
 c

on
di

tio
n,

 a
nd

 s
ev

er
ity

 o
f 

ill
ne

ss
. P

IC
U

-r
el

at
ed

 f
ac

to
rs

 li
nk

ed
 to

 th
e 

de
ve

lo
pm

en
t o

f 
de

lir
iu

m
 in

cl
ud

ed
 m

ec
ha

ni
ca

l v
en

til
at

io
n 

(M
V

),
 c

om
a,

 a
nd

 r
ec

ei
pt

 o
f 

be
nz

od
ia

ze
pi

ne
s,

 n
ar

co
tic

s,
 

co
rt

ic
os

te
ro

id
s,

 a
nt

ic
ho

lin
er

gi
cs

, a
nd

 v
as

oa
ct

iv
e 

m
ed

ic
at

io
ns

.

1 Pr
ob

ab
ili

ty
 o

f 
M

or
ta

lit
y 

as
 d

et
er

m
in

ed
 b

y 
th

e 
PI

M
3 

sc
or

e.

2 D
ev

el
op

m
en

ta
l d

el
ay

 d
ef

in
ed

 a
s 

Pe
di

at
ri

c 
C

er
eb

ra
l P

er
fo

rm
an

ce
 C

at
eg

or
y 

4 
(s

ee
 te

xt
 f

or
 d

et
ai

ls
).

3 C
om

a 
de

fi
ne

d 
as

 u
na

ro
us

ab
le

 to
 v

er
ba

l s
tim

ul
at

io
n,

 g
en

er
al

ly
 a

s 
a 

re
su

lt 
of

 p
ha

rm
ac

ol
og

ic
 s

ed
at

io
n 

(s
ee

 te
xt

 f
or

 d
et

ai
ls

).

4 M
ed

ic
at

io
n 

ca
te

go
ri

es
: “

E
ve

r”
 in

cl
ud

es
 p

at
ie

nt
s 

w
ho

 e
ve

r 
re

ce
iv

ed
 a

 m
ed

ic
at

io
n 

in
 th

is
 c

la
ss

.

Crit Care Med. Author manuscript; available in PMC 2018 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Traube et al. Page 16

Table 2

Multivariable Logistic Regression Analysis Predicting Ever Delirious (N=1547)

Characteristic Odds Ratio (95% CI) p Value

Age at Admission (years) 0–2 (reference)

>2–5 0.606 (0.389–0.936) 0.026

>5–13 0.412 (0.260–0.646) <0.001

>13 0.399 (0.244–0.641) <0.001

Probability of Mortality1 <=0.8% (reference)

>0.8% & <=1.4% 1.274 (0.824–1.978) 0.277

>1.4% 1.531 (1.016–2.318) 0.043

Developmental Delay2 3.314 (2.328–4.724) <0.001

Ever Mechanically Ventilated 1.634 (1.155–2.314) 0.006

Ever in Coma3 4.244 (2.684–6.783) <0.001

Benzodiazepines4 5.245 (3.710–7.455) <0.001

Anti-Cholinergics4 2.169 (1.412–3.416) 0.006

1
In multivariable modeling, independent predictors of delirium included age ≤2 years, developmental delay, severity of illness, mechanical 

ventilation, ever coma, and administration of benzodiazepines and anticholinergics.

2
Developmental delay defined as Pediatric Cerebral Performance Category 4 (see text for details).

3
Coma defined as unarousable to verbal stimulation (see text for details).

4
Medication categories: includes patients who ever received a medication in this class.
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Table 3

Multivariable Linear Regression Analysis Predicting PICU length of stay (N=1547)

Characteristic Relative Days (95% CI) p Value

Probability of Mortality1 <=0.8% reference

>0.8% & <=1.4% 1.022 (0.946–1.103) 0.585

>1.4% 1.313 (1.214–1.419) <0.001

Ever Mechanically Ventilated 1.224 (1.146–1.308) <0.001

Ever Delirious 2.309 (2.116–2.518) <0.001

After controlling for relevant confounders, including probability of mortality and mechanical ventilation, children with delirium demonstrated a 
more than two-times longer PICU LOS.

Results are from a multivariable linear regression with log-transformed PICU days as outcome. Ratios >1.0 for relative days and their respective 
95% confidence intervals indicate increased days over the reference group.

1
Probability of Mortality as determined by the PIM3 score.
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