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A B S T R A C T

Background: Delirium is a serious and frequent psycho-organic disorder in critically ill

patients. Reported incidence rates vary to a large extent and there is a paucity of data

concerning delirium incidence rates for the different subgroups of intensive care unit (ICU)

patients and their short-term health consequences.

Objectives: To determine the overall incidence and duration of delirium, per delirium

subtype and per ICU admission diagnosis. Furthermore, we determined the short-term

consequences of delirium.

Design: Prospective observational study.

Participants and setting: All adult consecutive patients admitted in one year to the ICU of a

university medical centre.

Methods: Delirium was assessed using the Confusion Assessment Method-ICU three times

a day. Delirium was divided in three subtypes: hyperactive, hypoactive and mixed

subtype. As measures for short-term consequences we registered duration of mechanical

ventilation, re-intubations, incidence of unplanned removal of tubes, length of (ICU) stay

and in-hospital mortality.

Results: 1613 patients were included of which 411 (26%) developed delirium. The

incidence rate in the neurosurgical (10%) and cardiac surgery group (12%) was the lowest,

incidence was intermediate in medical patients (40%), while patients with a neurological

diagnosis had the highest incidence (64%). The mixed subtype occurred the most (53%),

while the hyperactive subtype the least (10%). The median delirium duration was two days

[IQR 1–7], but significantly longer (P < 0.0001) for the mixed subtype. More delirious

patients were mechanically ventilated and for a longer period of time, were more likely to

remove their tube and catheters, stayed in the ICU and hospital for a longer time, and had a

six times higher chance of dying compared to non-delirium ICU patients, even after

adjusting for their severity of illness score. Delirium was associated with an extended

duration of mechanical ventilation, length of stay in the ICU and in-hospital, as well as with

in-hospital mortality.

Conclusions: The delirium incidence in a mixed ICU population is high and differs

importantly between ICU admission diagnoses and the subtypes of delirium. Patients with
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What is already known about this topic

� Delirium occurs frequently in critically ill patients and is
categorised in a hyperactive, hypoactive and mixed
subtype and associated with serious short-term health
problems. The mixed subtype occurs most frequently,
but incidences per ICU diagnosis and the extent of short-
term health problems are unknown.

What this paper adds

� Delirium incidence rates varies between the different
ICU admission categories with the highest incidence rate
in neurological patients and the lowest in cardiac surgery
patients.
� Cardiac surgery patients most likely suffer from the

hyperactive delirium subtype, which is less common in
other admission categories.
� Patients with mixed delirium subtype suffered the most

from short-term consequences.
� Delirium in ICU patients is significantly associated with

extended duration of mechanical ventilation, length of
stay in the ICU and in-hospital, and with in-hospital
mortality.

1. Introduction

Patients in the intensive care unit (ICU) are severely ill
and need support of one or more organ functions. In the
last decade, there is an increasing interest in brain
dysfunctions such as delirium. Delirium is a syndrome
defined as an acute onset of disturbances in consciousness
and changes in cognition with a fluctuating course
(American Psychiatric Association, 1994). Three subtypes
of delirium can be distinguished (Peterson et al., 2006). A
hyperactive delirium subtype with symptoms of hyper-
alertness, agitation, delusions and hallucinations, a
hypoactive subtype in which the patient is hypoalert,
lethargic, motorically slow and has inappropriate speech
and the alternating or mixed subtype. The latter subtype of
delirium is characterised by alternating symptoms of
hyperactive and hypoactive delirium. The Richmond
Agitation Sedation Scale (RASS) ranging from +4 (heavily
agitated) to �5 (coma) in combination with the delirium
diagnose (Ely et al., 2003) is used to distinguish between
the three delirium subtypes (Pandharipande et al., 2007;
Peterson et al., 2006). Only positive RASS scores indicates a
hyperactive delirium subtype. Delirious patients who only
have RASS scores between 0 and �3 are defined as
hypoactive delirious patients. Patients with fluctuating
RASS scores, between +4 and �3 in combination with a
positive delirium screening, are defined as mixed or
alternating subtype. These delirium subtypes have differ-
ent implications for nurses since the hyperactive subtype is
easy to recognize but causes more nursing problems and

inconvenience. While patients with the hypoactive sub-
type are, due to their lethargic state, easy to nurse but
therefore also easily missed or misdiagnosed as sedation of
depression (American Psychiatric Association, 1994).
Meagher and Trzepacz (Meagher et al., 2000; Meagher
and Trzepacz, 2000) suggest that the different delirium
subtypes in hospitalized patients represent a difference in
severity of delirium. They argue that, since the duration of
a hyperactive delirium is shorter than the duration of the
mixed subtypes, and the length of stay in hospital is also
shorter, the hyperactive subtype is less severe than the
other subtypes. Whether this difference in severity of
delirium is also true for ICU patients is not known.

Delirium in ICU patients is associated with short-term
health consequences such as prolonged duration of
mechanical ventilation and length of stay and higher
mortality rates (Dubois et al., 2001; Ely et al., 2001a;
Ouimet et al., 2007). The duration of delirium is associated
with prolonged cognitive failure (Girard et al., 2010) and
each additional day with delirium is associated with a 10%
increase in mortality (Pisani et al., 2009).

The delirium incidence in ICU patients ranges from 11
to 89% (Aldemir et al., 2001; Dubois et al., 2001; Ely et al.,
2007; McNicoll et al., 2003; Ouimet et al., 2007). Despite
the generally high delirium incidence rate accompanied
and the serious health consequences there is lack of
evidence for prevention of delirium ICU patients. Preven-
tive measures consisting of a multicomponent interven-
tion strategy (Inouye et al., 1999) and prophylactic
haloperidol (Kalisvaart et al., 2005) showed positive effects
in older hospitalized patients with a high risk for delirium.
The effects of these preventive measures are not deter-
mined yet in ICU patients.

The high incidence rate in critically ill patients is
associated with the frequent occurrence of important risk
factors for delirium (Van Rompaey et al., 2008) in ICU
patients. The wide range of delirium incidence rates is
likely related to case mix differences over studies. It is
likely that overall delirium incidence rates and rates per
subtype of delirium differ between (elective) surgical and
medical patient groups. As these patient groups differ, e.g.
regarding their pathophysiological disease processes,
severity of illness, and chance of dying (Knaus et al.,
1985) we expect them to also differ in their chances of
developing delirium, or chances of developing a specific
subtype.

Although the classification of the delirium subtypes
according to Peterson et al. (2006) is commonly used in the
ICU, little is known about incidence rates of the subtypes
per ICU diagnosis group and its effects on delirium
duration and short-term consequences.

The aim of this study is threefold. First, to determine the
delirium incidence rate overall, per subtype of delirium
and per ICU diagnosis group. Second, to determine the

delirium had a significantly higher incidence of short-term health problems, independent

from their severity of illness and this was most pronounced in the mixed subtype of

delirium. Delirium is significantly associated with worse short-term outcome.

� 2011 Elsevier Ltd. All rights reserved.
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irium duration overall, per subtype and per ICU
gnosis group. Third, to determine differences in
rt-term consequences between delirious and non-
irious patients, and for the delirium subtypes and to
ermine the contribution of delirium to these short-term
sequences.

ethods

The study was approved by the local Medical Ethical
mittee (study number 2007/283), which waived the

d for informed consent since no interventions were
ried out. The study was registered in the Clinical trial
ister as NCT00604773.

 Study design, sample and setting

We performed a prospective cohort study between
ruary 2008 and February 2009 in which all consecutive
 patients were included and systematically screened for
irium. The study was carried out in the Radboud
versity Nijmegen Medical Centre, The Netherlands.
s is a 960-bed university hospital that includes a level-3

 (highest level) with 33 ICU-beds for adults. Annually,
roximately 2000–2500 (surgical, cardiac surgery,
rosurgical, neurological, medical, and trauma) ICU
ients are admitted.

 Delirium screening

Ideally, delirium is diagnosed by a psychiatrist,
iatrician or neurologist, as this is considered the ‘gold
dard’. However, this is not feasible in the ICU.

refore, several delirium assessment tools have been
eloped for daily use by ICU nurses. Worldwide, the

idated confusion assessment method (CAM)-ICU (Ely
al., 2001b,c) is mostly used and has the highest
sitivity and specificity (van den Boogaard et al.,
0). In the present study, all adult ICU patients were
ened at least three times a day by trained ICU nurses

n den Boogaard et al., 2009) using the validated Dutch
sion of the CAM-ICU (Vreeswijk et al., 2009). Screening
s performed more often if required, for example
owing sudden changes in behaviour, attention or
sciousness. The implementation of the CAM-ICU in

 daily practice is described elsewhere (van den
gaard et al., 2009). In brief, a tailored implementation
tegy was used and ICU nurses were trained at the
side by a delirium expert nurse after they first followed

 of group training concerning the use of the CAM-ICU.
thermore, we used ‘delirium key-nurses’ for further
tructions and support of the nurses. Importantly, the

 of the CAM-ICU was fully supported by the medical and
sing staff. Based on the CAM-ICU result, patients were
ted with haloperidol or not.

Patients were excluded for this study if: they were
itted to the ICU for less than one day; had a sustained

hmond agitation sedation score (RASS) of �4/�5 during
plete ICU admission; had serious auditory or visual
rders; were unable to understand Dutch; were

aphasia or if the compliance rate of the delirium screening
was <80% during a patient’s stay in the ICU.

Patients who were discharged from the ICU with
delirium were followed on the ward until the end of the
delirium episode. On the wards, patients were screened for
delirium three times a day with the delirium observation
scale. This scale is developed and validated by Schuurmans
et al. (2003) and is commonly used in daily practice (Pretto
et al., 2009).

2.3. Outcome measures

Patients were diagnosed with delirium when they had
at least one positive CAM-ICU screening during their
complete ICU stay. Delirium was divided in three subtypes
(Fig. 1). The duration of delirium was measured per 8 h
shift, expressed in days and defined as time from first
positive CAM-ICU until the beginning of three consecutive
days of negative delirium screenings (ICU patients:
negative CAM-ICU, ward patients delirium observation
scale score <3). Patients who died or were discharged from
the hospital while delirious were discarded for the
delirium duration calculations.

The delirium incidence rate was calculated in all
included ICU patients. In addition, we calculated the
delirium incidence rate in patients admitted for two days
or longer separately.

We defined short-term consequences of delirium as:
days on the mechanical ventilator, need for re-intubation,
incidence rate of unplanned removal of tubes or catheters
by the patient, length of stay (LOS) in the ICU and in-
hospital, and in-hospital mortality. An extended duration
of mechanical ventilation, length of stay in the ICU and in-
hospital, and the in-hospital mortality were considered as
Fig. 1. Flowchart of patient inclusion.
ntally disabled; suffered from a serious receptive
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the most important short-term consequences since this
harms the patients directly and the most.

Patients were divided in six admission categories:
cardiac surgery, neurosurgical, surgical, neurological, medi-
cal and trauma. This classification was set by the attending
physician and based on main reason for ICU admission.

2.4. Variables

Demographic variables of all included patients were
collected such as age, gender, admission category, severity
of illness expressed in Acute Physiology and Chronic
Health Evaluation (APACHE-) II score. Furthermore,
delirium outcome measures and short-term consequences
were collected.

2.5. Quality checks during data collection

The performance of CAM-ICU screenings by the nurses
was monitored to ensure the quality of data collection.
Compliance was calculated as the percentage of assess-
ments performed per day in relation to the total number of
assessments that should have been performed. The mean
compliance was 90.4%. To determine the quality of the CAM-
ICU performance, we measured the interrater reliability. For
this, the CAM-ICU score assessed by the attending intensive
care nurse was compared with the CAM-ICU score assessed
by an expert psychiatry nurse within a time-window of 1 h.
One hundred-and-twenty interrater reliability measure-
ments were performed at random resulting in a Cohen’s
kappa of 0.90 (95%CI 0.82–0.98).

Furthermore, medical and nursing files of all patients
were screened daily for signs of delirium (Inouye et al.,
2005). When the files contained signs of delirium without a
positive CAM-ICU screening or conversely, when files did
not provide evidence of delirium while there was a positive
CAM-ICU score, patients were additionally screened by a
delirium expert according to the DSM-IV criteria (Ameri-
can Psychiatric Association, 1994) to rule out false
negatives and positives. These signs were for instance
lethargic or depressive behaviour or just picker or agitated
behaviour which was not directly recognized or screened
as delirium. In total 17 patients (1.1%) were additionally
screened by a delirium expert.

Finally, data-collection was randomly checked for
accuracy in 15% of the patients by the first author.

2.6. Statistical analyses

Differences between delirium and non-delirium ICU
patients and differences for the subtypes of delirium
regarding the demographic characteristics and short-term
consequences were tested non-parametrically using the
Mann–Whitney U test. Dichotomous variables were tested
with the Chi-square test. To determine short-term con-
sequences of delirium covariance analyses were performed
to adjust for severity of illness. Since the distribution of the
length of stay and duration of mechanical ventilation were
skewed, data were log transformed resulting in normally
distributed variables where after covariance analyses was
performed. To take differences in duration of delirium into

account, incidence rates of re-intubations, unplanned
removal of catheters and the amount of removed catheters
were calculated per 1000 delirium days. Differences in
these incidence rates between delirium subtypes were
tested using the Mann–Whitney U test.

To determine the contribution of delirium to an extended
duration of mechanical ventilation, length of stay in the ICU
and in-hospital we used a multiple logistic regression
analysis. The highest quartile of the duration of mechanical
ventilation, length of stay in the ICU and in-hospital were
used as cut-off value for the definition of extended duration
of these variables. Important variables as delirium, age,
severity of illness score, history of respiratory diseases, re-
intubation and sepsis were used as covariates.

Statistical significance was defined as a P-value <0.05.
All data were analysed using SPSS version 16.01 (SPSS,
Chicago, IL).

3. Results

In total 2116 consecutive patients were screened of
which 503 were excluded (Fig. 1). The most common
reasons for exclusion were sustained coma (26.8%) and
delirium before ICU admission (26.6%).

3.1. Delirium incidence and differences between delirious and

non-delirious patients

Out of the remaining 1613 patients, 411 (26%)
developed delirium during their ICU admission. When
calculating the delirium incidence rate in the group of
patients admitted to the ICU for two days or longer, the
incidence rate increased to 53%.

Demographic characteristics of the patients are shown
in Table 1. Patients with delirium were significantly older,
more likely to be admitted to the ICU for urgent reasons,
more likely to be mechanically ventilated and their
severity of illness score was significantly higher than that
of ICU patients who did not develop delirium. The delirium
incidence rates of the cardiac surgery and neurosurgical
groups was significantly lower compared to the other
groups (all P < 0.0001), while the incidence rate in the
neurology group was significantly higher than that in all
other groups (P < 0.05).

3.2. Delirium subtypes

Regarding the delirium subtypes, the mixed subtype
occurred most frequently, followed by the hypoactive
delirium subtype (Table 2). The incidence of hyperactive
delirium was significantly highest in the cardiac surgery
group and the incidence of hypoactive delirium was
significantly highest in the neurology and neurosurgical
group, other differences between the delirium subtypes
and admission categories are shown in Table 2.

3.3. Duration of delirium, short-term consequences and

mortality

Overall the median delirium duration was 2 days [IQR
1–7, range 1–74 days] and was longest in the mixed
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type (P < 0.001). In 93 (23%) of the delirious patients it
s not possible to determine the delirium duration
stly for reasons of discharge to another hospital or
ause the patient died. Delirious patients more likely
ded respiratory support for a longer time and their ICU
gth of stay was longer compared to non-delirious
ients (Table 3). These differences were all significant,
n after adjusting for severity of illness at the time of ICU
ission using the APACHE-II score. Delirious patients

re significantly more likely to remove their tubes and
heters than non-delirious patients. Removal of their
tro-intestinal feeding tube occurred most frequently

(51%) in patients who suffered from delirium, followed by
unplanned removal of the endotracheal tube (28%). The
incidence rate of unplanned removal of tubes and catheters
was significantly highest in the hyperactive subgroup
delirium. This subgroup also more frequently removed
tubes and catheters than the hypoactive and mixed
subtype of delirium when adjusted for delirium duration.

Patients with a mixed subtype suffered the most from
the short-term consequences (Table 4). Patients with the
hyperactive subtype suffered the least from the short-term
consequences and the delirium duration in this subtype
was the shortest (P < 0.0001).

Delirious patients were six times more likely to die as
compared to non-delirious patients. This difference
persisted following adjustment for severity of illness.
Significantly more patients with a hypoactive and mixed
subtype died compared to the hyperactive subtype.

The median duration of mechanical ventilation in the
total group was 0.5 days [IQR 0.3–1.0]. The median length
of stay in the ICU and in-hospital was 1 day [IQR 1–3] and 9
days [IQR 5–19], respectively. The cut-off value of
extended duration of mechanical ventilation was defined
as a duration longer than 1 day and an extended length of
stay in the ICU, and in-hospital was defined as a stay longer
than 3 days and 19 days, respectively.

Adjusting for covariates delirium was after consistently
and significantly associated to an extended duration of
mechanical ventilation (odds ratio 7.0), length of stay in

le 1

ographic characteristics of non-delirium and delirium patients.

Non-delirium patients

(N = 1202)

Delirium patients (N = 411) P-value

e (years) 61 �14 64 �15 <0.0001

nder (M) 792 (66%) 235 (57%) 0.001

gent admission (N) 526 (44%) 326 (79%) <0.0001

ACHE-II score (point) 13 �5 18 �6 <0.0001

echanically ventilated patients (N) 903 (75%) 363 (88%) <0.0001

agnosis group

Cardiac surgery (N = 793) 698 (88%) 95 (12%)*

Surgical (217) 160 (74%) 57 (26%)

Medical (N = 360) 205 (60%) 155 (40%)

Trauma (N = 80) 42 (53%) 38 (47%)

Neurology (N = 89) 30 (34%) 59 (66%)**

Neurosurgical (N = 74) 67 (90%) 7 (10%)*

CHE-II score: Acute Physiology and Chronic Health Evaluation-II score. Data are expressed as mean � standard deviation or numbers of patients and

entages.

Significantly lower incidence rate than the other admission types.

Significantly highest delirium incidence rate.

le 2

types of delirium in the six different admission categories.

Hyperactive

subtype

Hypoactive

subtype

Mixed

subtype

cidence rate 44 (11%) 148 (36%) 219 (53%)

rdiac surgery

(N = 95)

22 (23%)** 38 (40%) 35 (37%)**

rgical (N = 57) 4 (7%) 16 (28%) 37 (65%)

edical (N = 155) 12 (8%) 52 (34%) 91 (59%)

auma (N = 38) 4 (11%) 9 (24%) 25 (66%)

urology (N = 59) 2 (3%)* 29 (49%)* 28 (48%)

urosurgical (N = 7) 0 (0%)a 4 (57%)* 3 (43%)

Not applicable.

P < 0.05.

P < 0.0001.

le 3

erences between non-delirium and delirium patients on short-term consequences.

Non-delirium patients

(N = 1202)

Delirium patients (N = 411) P-value*

ys of mechanical ventilation 0.3 [0.2–0.6] 4.6 [0.9–10.9] <0.0001

-intubation (N) 6 (0.5) 41 (10%) <0.0001

cidental removal of tubes, catheters (N) 7 (0.6) 49 (11.9%) <0.0001

tal number of removals (N, frequency/patient) 8 (1.1) 95 (1.9) 0.35

S-ICU (days) 1 [1-2] 6 [2–13] <0.0001

S-Hospital (days) 7 [5–14] 20 [10–20] <0.0001

ortality rate (N) 40 (3%) 73 (18%) <0.0001
, length of stay. Data are expressed as medians [IQRs] or numbers of patients and percentages.

Adjusted for APACHE-II score using analysis of covariance.
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the ICU (odds ratio 8.6) and in-hospital (odds ratio 2.1), as
well as with in-hospital mortality (odds ratio 2.1) (Table 5).

4. Discussion

In this study we observed that the overall delirium
incidence is approximately a quarter of all ICU patients
admitted for at least one day, and half of all ICU patients
admitted for two days or longer. Important differences in
incidence and subgroup distribution between patient
categories exist. The incidence rate was the highest in
the neurology group and the lowest in the cardiac- and
neurosurgical group. The mixed delirium subtype occurred
most frequently and also had the longest duration. The
hyperactive subtype occurred the least and the duration
was the shortest. Furthermore we found that delirium is
associated with serious short-term health consequences,
most prominently in patients with the mixed subtype.
Additionally, delirium in ICU patients is significantly
associated with an extended duration of mechanical

ventilation, length of stay in the ICU and in-hospital, as
well as with in-hospital mortality.

Our findings are of importance for clinical practice since
this knowledge can contribute to taking preventive
measures in patient categories with a high delirium
incidence or to recognize patients who suffer the most
from the consequences of delirium. To our knowledge the
delirium incidence in patients admitted for neurological or
neurosurgical reasons to the ICU has never been deter-
mined since these patients are mostly excluded in studies.

The high delirium incidence in ICU patients in this large
prospective cohort study is in accordance with various
studies (Balas et al., 2007; Dubois et al., 2001; Lin et al.,
2004; Ouimet et al., 2007), but was lower than some
authors reported (Ely et al., 2001a, 2007; Granberg Axell
et al., 2002; Pisani et al., 2006). Differences between these
delirium incidences rates are likely related to differences in
admission categories and in- or exclusion of patients with a
short ICU length of stay. Indeed, we show that exclusion of
patients with an ICU LOS of <2 days and �2 days
importantly influences the incidence rate of delirium

Table 4

Differences between subtypes of delirium in delirium incidence and duration and on short-term consequences.

Hyperactive

subtype (N = 44)

P-value* Hypoactive

subtype (N = 148)

P-value# Mixed subtype

(N = 219)

P-valuey

Age (years, median [IQR]) 73 [60–77] 0.20* 67 [57–75] 0.75# 66 [56–75] 0.13y

APACHE-II score (point) 16 [13–19] 0.10* 18 [14–22] 0.47# 18 [14–23] 0.03y

Delirium incidence rate 44 (10.7%) 148 (36%) 219 (53.3%)

Delirium duration (days, median [IQR]) 1 [1-1] <0.001* 1 [1–4] <0.001# 4 [2–13] <0.001y

Mechanical ventilation (days, median [IQR] 0.6 [0.3–2.1] <0.001* 3 [0.8–7.7] <0.001# 6.9 [1.7–13.8] <0.001y

Re-intubation per 1000 delirium days 68 0.02* 22 0.81# 16 0.01y

Incidence unplanned removal tubes,

catheters per 1000 delirium days

227 <0.001* 35 0.78# 40 <0.001y

Frequency removal of tubes per

1000 delirium days

386 <0.001* 88 0.97# 86 <0.001y

LOS-ICU 3 [1–5] 0.02* 5 [2–9] 0.001# 9 [3–17] <0.001y

LOS in-hospital 10 [5–15] 0.003* 17.5 [8–32] 0.003# 24 [13–48] <0.001y

Deceased (N) 3 (6.8%) 0.04* 28 (18.9%) 0.53# 42 (19.2%) 0.03y

APACHE-II score: Acute Physiology and Chronic Health Evaluation-II score. LOS: length of stay.
* Difference between hyperactive and hypo active delirium subtype.
# Difference between hypo active and mixed delirium subtype.
y Difference between hyperactive and mixed delirium subtype.

Table 5

The associationa of delirium with extendedb mechanical ventilation, LOS-ICU and in-hospital, and in-hospital mortality.

Extended mechanical ventilation  Extended LOS-ICU Extended LOS in-Hospital In-Hospital mortality

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Delirium 7.0 (4.7–10.5) 8.6 (5.8–12.7) 2.1 (1.5–3.0) 2.1 (1.2–3.5)

Age 0.99 (0.97–1.01) 0.99 (0.98–1.01) 0.99 (0.99–1.01) 1.03 (1.01–1.05)

APACHE-II

score

1.07 (1.03–1.11) 1.06 (1.03–1.1) 1.08 (1.06–1.11) 1.07 (1.03–1.11)

Sepsis 2.6 (1.2–5.6) 2.6 (1.3–5.3) 1.3 (0.8–2.2) 2.9 (1.6–5.1)

Use of sedatives 2.9 (1.8–4.6) 1.3 (0.8–2.1) 1.0 (0.7–1.5) 0.5 (0.3–0.99)

Non-sustained

coma

5.6 (3.5–9.0) 3.4 (2.1–5.7) 1.3 (0.9–2.0) 1.6 (0.8–3.2)

Respiratory

diseases

1.9 (1.3–2.9) 2.3 (1.6–3.4) 1.8 (1.4–2.5) 2.4 (1.5–3.9)

Re-intubation 30.1 (7.6–119.4) 18.6 (5.4–63.5) 5.6 (2.5–12.7) 1.6 0.7–3.6)

LOS, length of stay; OR, odds ratio with 95% confidence interval; APACHE-II score, Acute Physiology and Chronic Health Evaluation-II score.
a Using multiple logistic regression analysis.

b Using the highest quartile of duration was used as cut-off value.
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 that incidence varies greatly between diagnostic
ups. Categorising the delirium incidence rate between

 admission diagnosis group shows that there are
able differences that can be useful for others when
rpreting measured delirium incidence rates.

Our results concerning the short-term consequences of
irium confirm previous work showing that delirious
ients are mechanically ventilated for a significantly
ger time (Shehabi et al., 2010), have a longer ICU and in-
pital length of stay (Ely et al., 2001a) and are more
ly to die (Ely et al., 2004; Lin et al., 2004). However,
e of these studies reported differences between the
types of delirium. Overall, delirious patients had
ificantly more short-term health problems than non-

irious patients and these problems were most profound
he mixed subtype, which also had the longest duration.
Regarding these subtypes of delirium, the hyperactive
type occurred the most in cardiac surgery patients, this
type had the shortest duration and the fewest short-

 consequences compared with the hypoactive and
ed subtype. However in practice, nurses and physicians
erience the most difficulties with patients with this
ily recognizable delirium subtype. These patients are
n agitated and consequently pull out their lines or
otracheal tube. Adjusted incidence rates of re-intuba-

 and unplanned removal of catheters and tubes
firm these experiences of caregivers.
We found several significant differences for delirium
types and admission categories of which difference
ween the incidence of hyperactive delirium in the
diac surgery and neurosurgical group is remarkable.
re are only a few studies which reported incidence
s of delirium subtypes but these were only in medical

terson et al., 2006) or surgical and trauma patients
ndharipande et al., 2007). Except for the higher
idence rate in the hyperactive group in our study,
inly caused by the high incidence rate in cardiac surgery
ients, the numbers of the hypoactive and mixed
type of delirium are rather comparable with these
er reports.
Some limitations of this study need to be considered.
tly, we did not use the ‘gold standard’ to diagnose
irium, but the CAM-ICU, which is a delirium screening
l. This screening tool is however, the most frequently
d tool worldwide, and has the highest sensitivity and
cificity and a high inter-rater reliability (Devlin et al.,
7; van den Boogaard et al., 2010). Moreover, to secure
t no false negative or positive delirium assessments
re used for the calculations in this study we also
cked patients’ files and if necessary a delirium expert
itionally screened these patients. Therefore, we believe

 assessment is valid and our incidence rate is reliable.
ever, one may argue that our overall incidence rate is

 compared to other studies on delirium in the ICU, and
ce may not be reliable. We attribute this low incidence

the fact that we included a large number of cardiac
gical patients, of which most have an ICU stay of one

 and a low incidence of delirium (Kazmierski et al.,
0; van der Mast and Roest, 1996). When we excluded

 patients with an ICU stay of only one day our incidence
 became comparable to that of other studies. Secondly,

we excluded more than 20% of our screened patients. For
this study we used similar exclusion criteria as others did
when using the CAM-ICU (Ely et al., 2001a; Spronk et al.,
2009). The most frequent reason for exclusion was
‘delirious before ICU admission’ which must be considered
as a normal exclusion criteria when determining the
incidence rate. Sustained coma was the second most
frequent reason which occurred the most in neurological
patients. This patient category is mostly excluded in other
studies. Despite we included also patients admitted to the
ICU for a neurological disease, we excluded a similar
amount of patients when compared with other studies
which ranges up to 43% (Dubois et al., 2001; Ely et al.,
2004; Ouimet et al., 2007; Van Rompaey et al., 2009).

Thirdly, in this prospective cohort study we determined
that delirium is associated with several short-term
consequences which does not necessarily indicate there
is a causal relationship between delirium and the outcome
parameter. Our study design is too limited to draw these
strong conclusions. Despite this limitation it is important
to recognize that delirium is a serious disorder with serious
short-term consequences and our results corroborates
findings of other smaller studies (Ely et al., 2001a, 2004;
Pisani et al., 2009).

Lastly, in our study a notable number of patients died or
were discharged to other hospitals before the end of the
delirium episode and like others (van Eijk et al., 2010) we
did not include the residual duration of their delirium
period. One may argue that this resulted in an underesti-
mation of the delirium duration and unplanned removal of
tubes and catheters. Although this could have influenced
the delirium duration, this calculation method will not
influence the incidence of unplanned removal of tubes and
catheters as all these patients were already discharged
from the ICU to the ward and therefore had less indwelling
tubes and catheters.

5. Conclusion

Over a quarter of our ICU population with a length of
stay >1 day and half of the ICU patients with a length of
stay of �2 days developed delirium during their ICU stay.
There is an important difference between admission
categories concerning the delirium incidence rates and
the occurrence of subtypes of delirium. Patients who
developed delirium were significantly more likely to suffer
from short-term health problems and had a six times
higher chance of dying compared to ICU patients who did
not develop delirium, independently of their severity of
illness. The problems were most pronounced in patients
with a mixed subtype of delirium.

In summary, the high delirium incidence rate and
serious short term health related problems for patients
must be sufficient to convince health care professionals to
screen patients for delirium and should encourage nurses
to take preventive measures such as cognitive stimulation
(Inouye et al., 1999), music therapy (McCaffrey and Locsin,
2006), prophylactic haloperidol (Kalisvaart et al., 2005;
Kaneko et al., 1999) or early mobilization (Schweickert
et al., 2009) of which the latter is the only measure which
was examined in ICU patients.
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