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Es ist nicht genug, zu wissen, man muss auch anwenden
Es ist nicht genug, zu wollen, man muss auch tun

Johann Wolfgang von Goethe (1749 – 1832)
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\��	 ����	 ��������	 �
	 �������	 ����	 ���	 x���	 ������	 �������	 �����	 ��	 ������	 ^�Y

������	���	��	����
�����	��	����
	��	������������	��	���	���	�~	�������	^�������	�
	�	
�
����Y�������	��
�����
	�����	������
	����	�	���
����	���
�	��������
	���	��������	
��
�������
	������
	���	
������
	���	�
������������	Q��������	��	���	^�����
��	
���	 "���
����	 *�����	 ��	 *�����	 ^�
�����
	 +^"*Y>|<	 ���	 ������
��	 ��������	 ���	
delirium are (1):
�	 Q����	��
��	+����
	��
	���
<	���	����	@��������	����������	���	���
�	 Disturbances in consciousness: reduced clarity of awareness of the environment 

����	 �	 ������
��	 �������	 
���
	 �������	 �������	 ��	 ����

	 
�
����	 ���	 
���	
�������

�	 #�����	��	��������	+������	��!���
	��
����������
	��������	��
��������<	��	
the development of a perceptual disturbance that is not accounted for by a pre-
���
���
	�
�����
���
	��	��������	�������

�	 ����	 ���	 ��
����
	 ���
����	 ����������
	 ��	 ����������	 !�����
	 �����	 �
	
evidence that the perceptual disturbance is caused by the direct physiological 
���
�������
	��	�	�������	�������	���������	

/���"
��
	��	>
������	��	/��
���@
	���
	-��
���
^�������	�
	�	
�����
	��������	��	��
���������	������

	 ���������	���	���������	 ���	

������
	��	���	>����
���	#���	;���	+>#;<�	>�	>#;	������

	��������	���������
	�����	
������	 �������	 ==Y_}�	 +?YX<�	 \��
�	 �����	��~������
	 ��	 ��������	 ���������	 ����
	
���	��	�������	 ��	��~������
	 ��	 >#;	������	��
�Y���	���	 �
	 ������	 �������	 ��	 ���	
�����
���	��	���	
��������
	���	��~�����	������
	��	
��������	+�<�

\����	
������
	��	��������	���	��	��
�����
���	+X<V
1. '���������	
������V	���	������	�
	����������	��	��������
2. '��������	
������V	���	������	�
	���������	��	���������		
3. Q���������	 ��	 �����	 
������V	 �������������	 ��	 ����������	 �����Y	 ���	

���������	
������
�

\��	 ����������	 
������
	 �
�����	 �

�������	 ����	 ����
���

	 ������������

	
��������	���	��
����������
	�����
	��	�������������	=Y?�	��	������
	����	��������	
+X<�	\��	���������	
������
	�������������	��	 ��������
	�
���������	
������	���	
�������������	 
�����	 ��	 ����
	 �����
	 ��	 �������������	 J��	 ��	 ������
	 ����	
��������	 +X<�	 >�	 �����
���	 ����	 ������
	 ����	 ��������
	 ���	 ����������	 ��	 �����	
subtype has the highest incidence rate, and represents up to 60-70% of all cases 
��	 ���������	 `
��������
	 ���	 ���������	 
������	 �
	 �������	 ��	 ���������	 ���	 ���	
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incidence/prevalence is therefore likely to be underreported. Because of the 
@��������	����
�	��	��������	��	���	��	�

����	����	���	����������	
������	�
	��
�	
underreported. 

>
�
����	��	>
������	��	/��
���@
	���
	-��
���
\��	 ����	 
�������	 ���	 ������
���	 ��������	 �
	 ���	 ����������	 ��	 �	 �
��������
��

���������
�	��	������������
	���	�

�

�
	��������	��
��	��	���	�����Y��������	
^"*Y>|	���������	>�	��������	>#;	�������	���
	�
	������	���
����
	�
��������	���
�������	
���	 @��������	 ����
�	 ��	 ��������	 ���	 ���	 ����	 ����	 
������
	 ���	 ����	 ����	
������
�	���
���	����	����

	����	
������	+={[<�	\��	��
�	��������	
������	��	���
	
�������	�
	����������	��	��������	��	���	��������	���
��	Q���	���
	��	���	���������

	
���
�
	
����	��
�	����
	��	���	�������
	���
���	���	���	��	���	��
�	��
����	��	
���
���	 ��
����	 ���	 �������
	 ���������	 ���	 ������	 ������
�	 '������
	 ��������	
��������
	����	���
�

	�
	����	�
	���
�����

	����	����	��	�������	��������
	�
��������	
���	���������Y	���	���	����������	
������
	+]<�	Q��������	��	>�����	��	���	+_<
	���	
��
�	���������	���
��	���	���
	�
	���	����	��	�	��������	��������	�

�

	�����	�����	

�����
	���!��	���

	
������	����	��	>#;	������
	���	���	
�������	���	��������	��	
�	
�������	������
	[�	��	]��	��	������
	����	��������	���	��

��	��	>#;	���
�
	
���	 ���
�����
	 +}{=�<�	 Q
	 �	 ��
���	 
������	 �

�

����	 ����
	 ���	 >#;	 ������
	 ����	
����	 ���������	 ����	 ����������	 �����	 ��������	 ��	 ��������	 ��	 �����

�����
	 �����	
than psychiatrists, neurologists or geriatrician. Of these delirium assessment tools 
���	>#;	������
	���	>����
���	#���	^�������	"��������	#������
�	+>#^"#<	���������	
by Bergeron (11) and the Confusion Assessment Method-Intensive Care Unit (CAM-
ICU) designed by Ely et al. (12) are the most frequently used tools. The ICDSC is an 
��
���������	 ��
�������	 ���
�
���	 ��	 �����	 ����
	 ����	 �	 
��
������	 ��	 }}�	 ���	
�	 
����!����	 ��	 [X�	 +==<�	 \��
	 ������
	 ����	 ��	 J[�	 ��	 ���	 ������
	 ���	 ��
�	 ��
���	

���	����������
	�����	^"*Y>|	��������	 ��������	����	���	������
	���	���	
�~�����	
from delirium. The CAM-ICU, when used by dedicated research nurses, has a 
�����	�����������	����	�	
��
������	��	}�Y=���	���	�	
����!����	��	}JY}_�	+=J<�	
Worldwide, the CAM-ICU is the best validated and most frequently used delirium 
�

�

����	��
�������	��	>#;	������
	��	���Y�
��������
�
�	

\��	�~���
	��	�������������	��	���	#Q*Y>#;	��	���	���������	��	��������	���	
unknown. It appears plausible that if a delirium assessment tool is implemented 
��	 �����	 �������
	 ����	 ��������
	 ������
	 ����	 ��	 ����������	 �����	 ���
��������	
�~���
	���	��������	���������	���	���
	����
	��	��	
�������	

>�	 �����	 ��������	 �������	 ���	 ��������	 >#;	 ���
�

	 ���	 ��
�����	 ���
�

	 �
�	 ���	
#Q*Y>#;	��	
�����	�����	�������	\��	
��
������	���	
����!����	��	���	#Q*Y>#;	����	
��������	 ��	 ���	 ��������	 ���
�	 ��������	 ����	 ���	 �����	 
��������	 �
	 ���������	
unknown and is examined in this thesis. 
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A disadvantage of the CAM-ICU is that it is a momentary test executed only once 
��	J	���
	�	����	�����
�	��	���	@��������	����
�	��	��������
	���
	���	����	��	�	
���
�	�������	��
����	>�	���	���
�	��	���
�����	
�
����
	��������
	���	������	
�����	
��	��
���	����	�����������	Q�������	�����	�
	��	��������	���	���	������	������	
��	���
	�	���	������
	
�����	��	
�������
	��	�
	��������	����	�

�

���	������
	����	
����	�	���	�����	��	
��������	

&����	���
	��������	��	���������	��
�
	��	�����	��	������
���	��	�������	�����	
��

�������
	��	������
�	���������	���	����	��
��
�
	
����!�	 ����������	��
�
	���	
available to aid the diagnosis. Currently, no laboratory test is available to diagnose 
���	��
�����	���������	��	���������	����
������	���	��

�������	��	!��	�	!���������	
for delirium using proteomics techniques. 

/�����	��	>
������	��	/��
���@
	���
	-��
���
The occurrence of delirium is associated with serious health problems. 

>����������	 ��	 ���	 ���	 
�������	 ��	 �����

	 +=X<
	 ��������
	 ������
	 ����	 �	 ������	
�������	��	����������	���������
	>#;	
���
	���	��Y��
�����	
���	����	���Y��������
	
������
	+=J{=�<�	>�	�
	�������	�������	���
�	
����Y����	���
�������
	���	
������	
��	���	������	���������
	���	��	�����	���	��~������
	�������	���	��������	
������
�	

������
	 
�~�����	 ����	 ��������	 ����	 �	 
����!������	 ������	 ���������	 ����	 ����	
������
	�������	��������	���	��������	�
	��������	�
	��	�����������	���������	��	
���������	+=[<�	��
���������	����	
���	����	����	���	�	��������	�������

	���	��
�	
��	���
�
���	��������	��
�����
	���	�����	������
�
	����	�������������	=��	+=J<�	
Although there are several long-term health related quality of life (HRQoL) studies 
���������	��	>#;	������
	+=]Y=}<
	 �����	�
	�����	�����	���	�~���
	��	��������	��	
����Y����	�������	��	�����	\��������	��	��������	���	�~���	��	��������	��	����Y����	
������	�������	�������	��	����	���	��	��������	�������
�	

-�
"�����	��"	-�
@
����	��	>
������	��	/��
���@
	���
	-��
���
>�	����	��	���	������	��	��������	�����	�
	�	�����	����	���	���������
	�
	����	�
	���	

�~�����	����������	���������	���	����	��	���������	����	��	��������	���	���������	
��	��������
	��	�������	��	��������	���	
��
������	����	��	��������	��	>#;	������
�	
���������	��	��������	�
	������	��
�	�������	���	�~�����	��	>#;	������
	����	���	
�����
�	��
�	���	����������	���������	\�	���������	�����	������
	����	�	����	��
�	
���	 ��������	 �	 ���������	 �����	 �����	 ��	 ����

����	 "���	 �	 ��������	 ���������	
�����	�
	���������	���	��
���������	������
	+?�<
	���	�	��������	���������	�����	���	
>#;	������
	�
	���������	��������	

>�	��	���	�	���������	�����	 ����	�����	�����	�
	 ��	 �������	����	��
�	������

	
�����	 ���������	 ���
���
	 
�����	 ��	 ������	 \����	 �
	 
���	 ��������	 ����	
���������	 ���
���
	 ���	 ��	 �~�����	 +?={??<�	 Q	 �������������	 ���������	
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�������	��
	�~�����	 ��	��������	���	��������	 ���������	���	�������	+?=<	���	�	
���	��
�	��	�����������	�����������	��
�����	��	�	������
�	��	
�������	���	�������	
of delirium and shortened the length of stay in-hospital (22). However, the two 

�����
	 ���������	���
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The last part of this thesis, PART FOUR, examined The Role of Biomarkers related 
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view of several methodological issues,  clinical consequences and aims for future 
research.

���������������������������������������

1





PART ONE
������������������������
�������	��
����
������





2
�������������������
delirium assessment tool 
��������
��������!������
haloperidol use

Mark van den Boogaard, Peter Pickkers, Hans van der Hoeven, 
&������	K������
	\���	���	Q���������
	x�
���	"����������

�������	���
	���
�	������	����



Abstract

/����"�����
>�	���������	���	������

	��������	�
	�	
�����
	���	��������	��
�����	����	�
	�

�������	

with a prolonged intensive care and hospital stay and an increased morbidity and 
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Compliance and delirium knowledge increased from 77% to 92% and from 6.2 
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	p <.0001). The interrater reliability increased from 0.78 
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(5 [IQR:2-9] to 3 [IQR:1-5] days, p = .02).
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������	���	�������

Delirium in Intensive Care Patients

24



�����������������������������������������������������
��
�����������������������������

25

�����������

^�������	�
	�	������	�
���������	��
�����	��	���������	���	������
�	>�	��
	��	�����	
��
��	���	�������
	��������	���	�������	������
	����	�	@��������	���
����
��

	
(1). It is associated with a prolonged intensive care and hospital stay and an increased 
morbidity and mortality (2-4)
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Although there is no evidence that the use of a delirium assessment tool results in 
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should therefore be quick and easy to use with a high interrater reliability. 

The Dutch guidelines Delirium in the Intensive Care recommends the screening 
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delirium screening checklist (ICDSC) (12) or the confusion assessment method-ICU 
(CAM-ICU) (13). 
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of the CAM-ICU. Therefore, the compliance with scoring of the CAM-ICU, the 
interrater reliability, and improvement in delirium knowledge of the nurses were 
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with previous periods without the standard use of a screening tool. The second aim 
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Material and methods

This study was conducted in the Radboud University Nijmegen Medical Centre, 
the Netherlands, a 960-bed university hospital that includes a level 3 (highest level) 
ICU with 40 beds divided over four adult wards and one paediatric ward. Annually 
2000 to 2500 (cardiothoracic surgery, neurosurgical, medical, surgical, and trauma) 
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Although the ICDSC and the CAM-ICU are suitable delirium screening instruments, 

we preferred to implement the CAM-ICU above the ICDSC because of the higher 

��
������	���	
����!����
	���	�����
�	���	#Q*Y>#;	�
	����
�����	���	���������	��	
Dutch (18). The CAM-ICU is an easy to perform assessment tool for ICU nurses, which 
���
�
�
	��	�	���Y
���	��������	�����	+=J<	�
��	Q��������	����	!��	=��	������	���	
�������������	��	���	#Q*Y>#;
	�����!�����	��	��������
	������
	��
	��
��	��	
���	���������	��	���	��������	>#;	���
�����
	���	�	��������	
��������	��
�������	
��
	 ���	 �
���	 ^��	 ��	 ���	 ��������	 ����������	 ��	 ���������
��	 ��������
	 ��	
�������	����	���
	
�����	��	�������	��	�	
�������	�����	�������	���	
�
������	
�

�

����	��	��������	��
	���������	��	 >#;	���
�
	����	
����!�	���������	��	
��������	�����������	\��������
	��	����������	���	#Q*Y>#;	�
	��	��
�������	���	
�����	����������	��	��������	���	
������	����	���	�������������	��	���	����	�����	
ICU wards in December 2007.

>������������	 ��	 �	 ��������	 �

�

����	 ����	 ��	 �����	 �������	 ���������
	 ��	
�

�����	������	���	>#;	���
�
�	Q
	�����	�
	��	
�����	��
�	������	���	�����������	
��	 ���������	��	���	
����
	+=}<
	 ��	 �
	 ���������	��	 �������	��������	�������
	���	
�����������
	��	���
	���������	
�����	���	�	����	���������	��	�	��������	
��������	
��
�������	��	�
	���������	��	������	���	�������������	
�������	��	���
�	�����������
	
���	 �������
	 +?�<�	 �����������
	 
������	 ����	 ���	 ������
����	 ���	 �������	 ���	
���
���	
��~	�����������	�
	���������	���	�	
����

���	�������������	+?=<�

���	�������������	
�������	�
��	Q��������	����	!��	?�	��
	����
��	��	��������	
barriers and facilitators for screening with the CAM-ICU (Table 1), which were 
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or -5 (13), were unable to understand Dutch, were severely mentally disabled, or 

�~����	 ����	 �	 
�����
	 ��������	 ����
���	 Q��	 ����

���	 ��
���	 ����
	 +�������	

��������	 �������
	 ���	 ��
���������	 ��������	 ���
���
<	 ����	 ����	 ���������	 ��	
�����	����	\��	��������	���!��	���	���
�	�����	 ���	�������	��	 ���	#Q*Y>#;	

��������
	����	�

	��������
	��	����`�������Y��
��	�����������
	+?J<	��������	��	���	
�������������	
�������	����V	��������{	����������	��������	��
��
{	 ��������
	
���	��������{	���	������
����	`�������	���	����������	��������	��
��
	

All ICU nurses were trained in the use of the CAM-ICU and performed a knowledge 
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screening compliance and interrater reliability dropped below the stated aim. The 
focus during this training on the job was on the most common mismatches, that 
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When a delirium assessment was not carried out, a pop-up appeared on the 

bedside computer as a reminder for the nurse. The CAM-ICU scoring rate, that 
is the screening compliance, and the interrater reliability were measured. The 
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and compliance of the assessment tool and for personal or group feedback.
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concerning delirium.

The compliance was calculated as the percentage of performed assessments 
per day of the total number of assessments that should have been performed. 
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As delirium incidence rates before the use of the assessment tool were not available, 
we used the frequency of haloperidol use as a proxy for delirium incidence. Data 
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delirium are treated with haloperidol and delirium is the only reason for prescribing 
haloperidol.
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All data analyses were performed with SPSS 16.0 (SPSS Inc., Chicago, IL, USA). 
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����<	����	��
���	��������������	+"�������
	�Y��
�
	��������	���
�������	�����
�
	
of variance). Data concerning the treatment with haloperidol were not normally 
distributed and were tested non-parametrically with the Friedman test and the 
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the job of almost all ICU nurses this increased to 0.89 (n = 47, 95% CI: 0.75 to 1.0).
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ICU screening. The most frequent reason was sustained coma (49%). To compare 
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Period	

Prior	to	
implementation	
March	to	June	

2006	

Prior	to	
implementation	
March	to	June	

2007	

After	
implementation	
March	to	June	

2008	

p	value	

Number	of	
patients	

512	 589	 641	 	

Age		 57.5	±	16.4	 58.9	±	16.6 59.5	±	15.6	 N.S.
Gender	(M/F)	 339/173	 370/219 409/232	 N.S.
APACHEYII	score	 16.9	±	7.0	 17.1	±	6.9 15.5	±	6.5	 .0001
Length	of	stay	on	
ICU	in	days	
(median	(IQR))	

1.3	(0.8	to	5.9)	 1.0	(1	to	5)	 1.0	(1	to	3)	 N.S.	

Admission	type	(n)	
Elective	surgery	
Urgent	surgery	
Medical	

	
214	(42%)	
106	(20%)	
192	(38%)	

283	(48%)	
96	(16%)	
210	(36%)	

	
340	(53%)	
76	(12%)	
225	(35%)	

N.S.	
	

All	values	are	means	±	standard	deviation	unless	otherwise	reported.	
APACHE	 II	 =	 Acute	 Physiology	 and	 Chronic	 Health	 Evaluation	 II;	 CAM&ICU	 =	 confusion	
assessment	 method&intensive	 care	 unit;	 F	 =	 female;	 ICU	 =	 intensive	 care	 unit;	 IQR	 =	
interquartile	range;	M=	male;	N.S.	=	non&significant.	
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of the CAM-ICU (p	�	 ��?<�	\��	������	�����	�����������	��
�	���	������	 +������	
���������<	������
��	����	=_	��	+>¨K	�	��	J}��<	��	[	��	+>¨K	?	��	=}��{	p = .01). 
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All	values	are	medians	(interquartile	range)	unless	other	reported.	CAM&ICU	=	confusion	
assessment	method&intensive	care	unit.	

Discussion
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were detected with the use of the CAM-ICU. Our results indicate that successful 
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shorter and lower dosed haloperidol treatment.
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the CAM-ICU (13). Evidently, it is of utmost importance to test the reliability of 
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in unnecessary treatment and vice versa. Therefore, in our view, it is necessary to 
perform interrater reliability tests and analyse the mismatches to be able to give 
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this aspect in the literature and many new screening and treatment policies appear 
to be implemented without it. 
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Ely and colleagues (13). Based on a study by Soja and colleagues (25) we chose an 
80% compliance with the CAM-ICU as a feasible and acceptable aim for a successful 
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One could argue that haloperidol use is not a good proxy for the incidence of 

delirium because it is also used to treat other disorders such as serious psychoses, 
severe excitement, and anxiety (26). However, these disorders are rarely observed in 
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an increase in haloperidol use is not desirable. On the other hand, an earlier and 
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early treatment of delirium could result in shortening of the delirious period, but 
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Feature�1:	Acute	Onset	or	Fluctuating	Course	
Positive	if	answer	‘	yes’	to	either	1A	or	1B	

Positive	 Negative	

1A:	Is	the	pt.	different	than	his/her	baseline	mental	status?
																																										Or	
1B:	Has	the	patient	had	any	fluctuation	in	mental	status	in	the	past										
						24	hours	as	evidence	by	fluctuation	on	a	sedation	scale	(e.g.			
						RASS)	GCS,	or	previous	delirium	assessment	

Yes	 No

Feature�2:	Inattention	
Positive	if	either	score	for	2A	or	2B	is	less	than	8.	
Attempt	the	ASE	letters	first.	If	pt.	Is	able	to	perform	this	test	and	the	score	
is	clear,	record	this	score	and	move	to	Feature	3.	If	pt.	Is	unable	to	perform	
this	test	or	the	test	score	is	unclear,	then	perform	the	ASE	pictures.	If	you	
perform	both	tests,	use	the	ASE	pictures’	results	to	score	the	Feature	

Positive	 Negative	

2A:�ASE�letters:	record	score	(enter	NT	for	not	tested)
Directions:	Say	to	the	patient,	“I	am	going	to	read	you	a	series	of	10	letters.	
When	you	hear	the	letter	‘A’	indicate	by	squeezing	my	hand”.	Read	letters	
from	the	following	letter	list	in	a	normal	tone.	
												SAVEAHAART		
Scoring:	errors	are	counted	when	patient	fails	to	squeeze	on	the	letter	‘A’	
and	when	the	patient	squeezes	on	any	letter	other	than	‘A’.	

Score	(out	of	10):YYYYYYYYYYY	

2B:�ASE�pictures:	record	score	(enter	NT	when	not	tested)
Directions	are	included	on	the	picture	packets.	 Score	(out	of	10):YYYYYYYYYYYY	

Feature�3:	Disorganized	thinking	
Positive	if	the	combined	score	is	less	than	4	

Positive	 Negative	

3A:�Yes/No	Questions	
(Use	either	Set	A	or		B,	alternate	on	consecutive	days	if	necessary):	
Set�A																																														Set�B		
1.	Will	a	stone	float	on	water?							1.	Will	a	leaf	float	on	water?	
2.	Are	there	fish	in	the	sea?										2.	Are	there	elephants	in	the	sea?																		
3.	Does	one	pound	weigh	more				3.	Do	two	pounds	weight	more					
				than	two	pounds?																										than	one	pound?	
4.	Can	you	use	a	hammer	to								4.	Can	you	use	a	hammer	to	cut		
				pound	a	nail?																																wood?		
Score_____(patient	earns	1	point	for	each	correct	answer	out	of	4)	
	
3B:	Command	
Say	to	patient:	“Hold	up	this	many	fingers”(examiner	holds	two	fingers	in	
front	of	patient)	“Now	do	the	same	thing	with	the	other	hand”(not	
repeating	the	number	of	fingers).	*If	pt.	Is	unable	to	move	both	arms,	for	
the	second	part	of	the	command	ask	patient	“Add	one	more	finger”)	
Score_____(Patient	earns	1	point	if	able	to	successfully	complete	the	
entire	command)	

Combined	Score	(3A=3B):	______	
(out	of	5)	

Feature�4:	Altered	level	of	consciousness	
Positive	if	the	actual	RASS	score	is	anything	other	than	“0”	(zero)	

Positive	 Negative	

Overall�CAM*ICU�(Features	1	and	2	and	either	Feature	3	or	4): Positive	 Negative

With	permission	of	the	authors.	
Copyright	©	2002,	E.	Wesley	Ely,	MD,	MPH	and	Vanderbilt	University,	all	rights	reserved	
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Interventions�for�the�CAM*ICU�implementation.�We:�	

1. made	an	inventory	of	potential	facilitators	and	barriers	of	our	organization	

	

	

	

	

		

2. tailored	the	implementation	strategy	to	the	potential	barriers	and	opportunities

3. set	clear	and	feasible	targets	for	a	successful	implementation

4. computerized	the	CAMYICU	algorithm	in	our	system	and	made	it	user	friendly

5. integrated	reminders	for	screening	in	the	computerized	CAMYICU		

6. equipped	every	bed	with	all	necessary	tools	for	the	assessment	performance

7. appointed	 delirium	 ‘keyYnurses’	 for	 dissemination	 of	 delirium	 knowledge	 and	

assistance	during	the	implementation	

8. involved	medical	and	nursing	staff	in	the	implementation

9. performed	 interrater	 reliability	 tests	 and	 provided	 extra	 training	 on	 the	 job	 on	

Delirium in Intensive Care Patients
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with poor outcome. Screening for ICU delirium is recommended by several medical 
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as awake and not delirious, delirious or comatose. This served as gold standard 
to which the CAM-ICU as performed by the bedside ICU-nurses was compared. 
Assessors were unaware of each-others conclusions.
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which hampers early treatment (12). The clinical impression of ICU physicians and 
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developed (15), such as the Confusion Assessment Method adopted for the Intensive 
Care Unit (CAM-ICU)(16) and the Intensive Care Delirium Screening Checklist (ICDSC)
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this study have been previously reported in the form of an abstract (24-26). 
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comatose, i.e. not assessable due to a low level of consciousness. If they diagnosed 
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remained blinded for the CAM-ICU as scored by the nurses throughout the visit. 
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(22) within three hours of the expert assessment, without extra training for this 
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Results
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assessable as either awake and not-delirious, or delirious or comatose. We excluded 
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years (SD 18) and the average APACHE II score was 18.6 (SD 7.5), see Table 1. 

��"���#� 
�������������������������G�����������

�

��������������

������
L�Q)=)V�

��������*�
L�Q�=<V�

X����������*�
L�Q#<YV�


���*�
L�QZYV�

Age	(years),	mean	(SD)	 59	(18)	 62	(15)	 59	(16)	 57	(21)	
Gender,	male,	n	(%)	 172	(61	%)	 54	(68%)	 64	(60%)	 54	(56%)	
APACHEYII	score,	mean	(SD)	 18.6	(7.5)	 20.1	(7.0)	 16.2	(6.9)	 20.2	(7.8)	
Admitting	discipline,	n	(%)	
- Internal	medicine	
- General	surgery	
- Cardiology	/	cardiothoracic	surgery	
- Neurology	/	neurosurgery	

	
96	(34%)	
90	(32%)	
	
62	(22%)	
34	(12%)	

	
29	(36%)	
23	(29%)	
	
21	(25%)	
7	(10%)	

	
37	(36%)	
29	(26%)	
	
24	(22%)	
16	(16%)	

	
30	(31%)	
38	(40%)	
	
17	(17%)	
11	(12%)	

Able	to	communicate	verbally,	n	(%)	 107	(38%)	 36	(45%)	 71	(67%)	 0	(0%)	
Definition	of	abbreviations:	APACHE	=	Acute	Physiology	and	Chronic	Health	Evaluation;	
SD	=	Standard	Deviation.		
*As	defined	by	DSM&IV&TR	criteria	and	assessed	by	experts.	
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Table 2). All ICUs worked according to closed format formula with on average 9 
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Beds	per	center,	n	 33	 10	 32	 12	 10	 24	 50	 32	 30	 10	
Intensivists	(fullYtime	equivalents)	per	center,	n		 20	 4	 11	 5	 4	 7	 19	 11	 10	 4	
Annually	admissions	per	center,	n	 2,250	 600	 2,500 640	 800	 1,456	 1,952 2,000	 2,000	 713	
Time	from	implementation	CAMYICU	to	participation	in	study,	months	 36	 48	 36	 24	 12	 36	 12	 12	 24	 12	
Lectures	given		 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	
Written	information	available	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 Y	
Individual	bedside	training	 Y	 Y	 Y	 N	 N	 Y	 N	 N	 Y	 Y	
Duration	of	individual	training,	minutes	 20	 30	 10	 N/A	 N/A	 20	 N/A	 N/A	 20	 10	
Use	of	dedicated	training	nurses		 Y	 Y	 N	 Y	 N	 N	 Y	 N	 N	 N	
Standard	use	of	CAMYICU	in	daily	decision	making	 A A	 R A	 R	 R	 R	 R	 R	 R	
Trained	nurses,	%	 95%	 95%	 80%	 N/A	 N/A	 90%	 N/A	 N/A	 80%	 90%	
Compliance	to	the	daily	CAMYICU,	%	 93%	 95%	 90%	 70%	 90%	 80%	 95%	 80%	 85%	 95%	
Frequency	of	CAMYICU	per	day	 3	 3	 3	 3	 2	 2	 2	 2	 3	 2	
Definition	of	abbreviations:	A	=	always;	CAM&ICU	=	Confusion	Assessment	Method	for	the	Intensive	Care	Unit;	N	=	no;	N/A	=	not	applicable;	R	=	
regularly;	Y	=	yes.	
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awake and not-delirious (n=106, 38%), delirious (n=80, 28%) or comatose (n=96, 
34%, Table 3). 
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Total�

CAM*ICU�positive� ¢¬	 ¡	 ­	 	 ££	
CAM*ICU�negative� £ª	  ª£	  ¬	 	  ¬¯	
RASS�<�*3� ¬	 ª	 ­£	 	 ­¯	
� 	 	 	 	 	
Total� ®ª	  ª«	 ¯«	 	 ¡®¡	
Definition	of	abbreviations:	CAM&ICU	=	Confusion	Assessment	Method	for	the	Intensive	
Care	Unit	administered	by	the	bedside	nurse;	RASS	=	Richmond	Agitation	and	Sedation	
score.		*According	to	the	delirium	experts	and	DSM&IV&TR	criteria.	
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this analysis was based on the RASS and CAM-ICU cores the day before, the day of, 
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and the NPV 72% (95% CI 64%-79%).
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LK�"*V������������L�V� K������	��G�LZ`j�
�V� K���������G�LZ`j�
�V� 

q�LZ`j�
�V� X
q�LZ`j�
�V�
Total	population	(n=181)	 47%	(35%Y58%)	 98%	(93%Y100%)	 95%	(80%Y99%)	 72%	(64%Y79%)		
Psychoactive	medication	between	assessments	
Y	Yes	(n=46)			
Y	No	(n=135)	

	
54%	(33%Y74%)	
43%	(30%Y58%)	

	
95%	(75%Y99%)	
99%	(93%Y100%)	

	
93%	(64%Y99%)	
96%	(76%Y100%)	

	
65%	(47%Y81%)	
74%	(64%Y82%)	

Delirium	subtypes*

Y	Hypoactive	(delirious	n=36;	not	delirious		n=106)	
Y	Hyperactive	(delirious	n=7;	not	delirious	n=106)	
Y	Mixed	type	(delirious	n=32;	not	delirious	n=106)	

	
31%	(17%Y48%)	
100%	(56%Y100%)	
53%	(35%Y74%)	

	
98%	(92%Y99%)	
98%	(93%Y100%)	
98%	(93%Y100%)	

	
85%	(54%Y97%)	
78%	(40%Y96%)	
90%	(65%Y98%)	

	
81%	(72%Y87%)	
100%	(95%Y100%)	
87%	(80%Y93%)	

Admitting	discipline	
Y	Internal	medicine	(n=52)	
Y	General	surgery	(n=64)	
Y	Cardiology	/	cardiothoracic	surgery	(n=43)	
Y	Neurology	/	neurosurgery	(n=22)	

	
54%	(33%Y73%)	
38%	(21%Y59%)	
58%	(34%Y79%)	
17%	(1%Y64%)	

	
96%	(78%Y100%)	
97%	(85%Y100%)	
100%	(83%Y100%)	
100%	(76%Y100%)	

	
93%	(64%Y100%)	
91%	(57%Y100%)	
100%	(68%Y100%)	
100%	(1%Y100%)	

	
69%	(52%Y83%)	
70%	(55%Y81%)	
75%	(56%Y88%)	
76%	(52%Y91%)	

Communication	ability	
Y	Verbal	communication	possible	(n=109)	
Y	Verbal	communication	not	possible	(n=72)	

	
42%	(26%Y61%)	
50%	(34%Y66%)	

	
99%	(91%Y100%)	
97%	(82%Y100%)	

	
93%	(66%Y99%)	
95%	(74%Y100%)	

	
79%	(68%Y86%)	
61%	(46%Y74%)	

Center	(number	of	included	patients)	
- A	(n=26)	
- B	(n=9)	
- C	(n=34)	
- D	(n=20)	
- E	(n=10)	
- F	(n=15)	
- G	(n=26)	
- H	(n=14)	
- I	(n=20)	
- J	(n=7)	

	
71%	(42%Y90%)	
50%	(4%Y91%)	
29%	(10%Y58%)	
60%	(17%Y93%)	
33%	(2%Y87%)	
N/A	
44%	(21%Y69%)	
80%	(30%Y99%)	
44%	(15%Y77%)	
N/A	

	
92%	(60%Y100%)	
100%	(46%Y100%)	
100%	(80%Y100%)	
93%	(66%Y100%)	
100%	(56%Y100%)	
100%	(31%Y100%)	
100%	(66%Y100%)	
100%	(63%Y100%	
100%	(68%Y100%)	
100%	(46%Y100%)	

	
91%	(57%Y100%)	
100%	(20%Y100%)	
100%	(40%Y100%)	
75%	(22%Y99%)	
100%	(5%Y100%)	
N/A	
100%	(56%Y100%)	
100%	(40%Y100%)	
100%	(39%Y100%)	
N/A	

	
73%	(45%Y91%)	
71%	(30%Y95%)	
67%	(47%Y82%)	
88%	(60%Y98%)	
78%	(40%Y96%)	
20%	(5%Y49%)	
53%	(29%Y75%)	
90%	(54%Y99%)	
69%	(41%Y88%)	
71%	(30%Y95%)	

Definitions	of	abbreviations:	CAM&ICU	=	Confusion	Assessment	Method	for	the	Intensive	Care	Unit;	CI	=	Confidence	Interval;	N/A	=	not	applicable	(no	delirious	
patient	identified);	NPV	=	negative	predictive	value;	PPV	=	positive	predictive	value.		*according	to	the	expert	groups	
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and NPV were found (data not shown).
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However, even in centers where the test results were always part of the standard 
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procedures by the expert groups were always performed similarly. As the expert 
groups were unaware of the CAM-ICU as registered by the bedside nurses, and 
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(23). In this study we have shown that this may also apply for screening instruments. 

>�	������
���
	��	���
	����������	
����
	
����!����	��	���	#Q*Y>#;	�
	���������	
��	�����	�������	����	������
	��	��	����	���	
��
������	����	\��	���	
��
������	��	���	
#Q*Y>#;	��	������	�������	������
	�����	��������	��	���������	

-����&���%�����

\��	������
	�����	���	>#;Y���
�
	��	���	�����������	������
�

�����������

1. Q�������	�
���������	Q

��������	^�����
��	���	"���
����	*�����	��	*�����	^�
�����
	+^"*Y>|Y\K<�X���
	
Text revsision ed. Washington D.C.: 2000.

2. ^����
	*$
	��������	�
	^�����	*
	^���	"
	"������	��	^�������	��	��	�����
���	����	����V	�	
����	��	��
�	
������
�	>����
���	#���	*��	?��=	Q��{?]+_<V=?}]YJ�X�

3. `��	`�
	"�������	Q
	\�����	�
	"����~	\
	&�����	"*
	'������	�`
	$��
	��	���	^�������	�
	�	���������	��	���������	
��	������������	���������	������
	��	���	�����
���	����	�����	$Q*QV	$������	��	���	Q�������	*������	
Q

�������	?��X	$��	=X{?}?+?<V=[_Y}�

4. x��	"*
	x��	#�
	����	#'
	x��	'#
	'����	#^
	'����	��
	��	���	\��	������	��	��������	��	���	
�������	��	
������������	���������	������
�	#���	#���	*��	?��X	���{J?+==<V??�XY}�

5. *�������	x
	��
���	*Q
	�����	�
	`��	`�
	"�����	*^
	>�����	"%�	^�������	��	���	�����
���	����	����V	����������	
���	��������	����
�	��	�����	������
�	$	Q�	&������	"��	?��J	*��{�=+�<V�}=Y_�

6. ������	"
	%�������	��
	&�°����	"�
	"������	��	>��������
	��
�	������
	���	���
�������
	��	>#;	���������	
>����
���	#���	*��	?��]	$��{JJ+=<V[[Y]J�

7. �����
��	$�
	���	�\
	^���
	K"
	\����
��	$�
	$���
��	$#
	"�������	Q%
	��	���	^�������	���	��
	�������	

������
V	�	
����	��	[=X	���������	���	������
�	$	Q�	&������	"��	?��[	*��{�X+J<VX]}Y_X�

8. \����
��	$�
	"�������	Q
	�����
��	$�
	���	�\
	$���
��	$#
	`��	`��	>����
���	����	����	��������	�
	��	
�����������	���������	��	������	��
�����	
���V	�	���
������	�����
�
	��	?[=	���Y���������	������
�	#���	
#���	?���	Q��{}+X<VKJ]�YKJ_=�

9. `��	`�
	&�����	"
	*�������	K
	������
	$
	*��	x
	"����~	\
	��	���	\��	������	��	��������	��	���	�����
���	����	
����	��	��
�����	������	��	
����	>����
���	#���	*��	?��=	^��{?]+=?<V=_}?Y}���

�������������������
���������-����������.������
���������������	��
��������@�-�.�����������K���G

3



52

10. *��������	`�
	^�����	"
	'����
��	�x
	"�������	Q%
	"����~	\
	"���
	KQ
	��	���	#�
�
	�

�������	����	��������	��	
������������	���������	������
�	#���	#���	*��	?��X	Q��{J?+X<V}��Y[?�

11. ������	$
	`�������
	x"
	��	$�����	$�
	%���
�����	%$
	`����������	�
	���	&���	�Q�	^�������	��	`������	������
	
���	���	K�
�	��	��
���
������	*��������
	>�
��������������
	���	^������V	Q	*���Y�����
�
�	$Q*Q	?�=�	$��	
?_{J�X+X<VXXJY�=�

12. Q�������	�
���������	Q

��������	�������	���������	���	���	���������	��	������
	����	���������	Q�������	
$������	��	�
��������	=}}}	^��{=�[V=Y?��

13. ���	`���	*�*�
	���	*����	K�$�
	%����	>�
	��	���	��
	%�
�������	$�
	"������	Q�$�#�	#������
��	��	��������	
�

�

����	����
	��	�	�����	�����
���	����	�����	#������	#���	*�������	?��}{J]+[<V=__=Y��

14. "�����	�`
	K������	�
	'����
	$
	K����
	$'�	����������	��	��������	�
	
�������	������
������	��	���	>#;	
������	�����	�����	>����
���	#���	*��	?��}	$��{J�+]<V=?][Y_��

15. ����	#x
	'������Yx����	$
	"����	^x
	"����
	"`�	^��
	���
	������	����	���������V	�����	��	���
���	
��
�������
�	$Q*Q	?�=�	Q��	=_{J�X+]<V]]}Y_[�

16. `��	`�
	*�������	K
	������
	$
	*��	x
	\�����	�
	^���
	K
	��	���	`��������	��	��������	��	���������	���	������
V	
���������	��	���	#����
���	Q

�

����	*�����	���	���	>����
���	#���	;���	+#Q*Y>#;<�	#���	#���	*��	?��=	
$��{?}+]<V=J]�Y}�

17. ��������	�
	^����
	*$
	^�����	*
	^���	"
	"������	��	>����
���	#���	^�������	"��������	#������
�V	���������	
��	�	���	
��������	�����	>����
���	#���	*��	?��=	*��{?]+�<V_�}Y[X�

18. ���	`���	**
	%�
�������	$
	"������	Q$�	>����
���	����	��������	����������	���	
��������
��	���������V	�	
��������	
�����	��	^����	>����
���	#���	;���
�	>����
���	#���	#���	���
	?��_	Q��{?X+X<V?=_Y?=�

19. $�����	$
	���
��	&x
	#���
��	^�
	K����	KK
	��������	^
	��������	`\
	��	���	#�������	�������	���������
	���	���	

�
������	�
�	��	
������
	���	������
��
	��	���	���������	���	������	#���	#���	*��	?��?	$��{J�+=<V==}YX=�

20. `��	`�
	>�����	"%
	�������	&K
	&�����	"
	������
	$
	*��	x
	��	���	^�������	��	������������	���������	
������
V	��������	���	�����������	��	���	�����
���	�

�

����	������	���	���	�����
���	����	����	+#Q*Y>#;<�	
$Q*Q	?��=	^��	�{?_[+?=<V?]�JY=��

21. \���	Q#
	`
�����	x*
	������	$&
	��Y&����	$x
	*����	$�
	*�����	�
	��	���	�"����
�	���
���	��	���	#Q*Y>#;	
+#����
���	Q

�

����	*�����	���	���	>����
���	#���	;���<�	�����	
����	��	�����������	*��	>����
���	?�=�	
$��{JX+=<V=XY?=�

22. |���
����	K
	\���������	Q
	'�����	*
	������	%
	��	*��	\
	^��
	&
	��	���	|��������	��	���	^����	���
���	��	���	
Confusion Assessment Method (CAM-ICU) for delirium screening in the Intensive Care Unit. Netherlands 
$������	��	#������	#���	?��}{=J+?<V]JY_�

23. &�����	*\
	���	�K
	&�����	;
	�����
����	�
	������
��	'K�	K���������	����������	�����
	��	���	��@���	
�������V	����Y�����	�����
�
	���	�������	���	���������	���������
¿	$	\�����	#�������
�	"���	?��[	$��{=J?+=<V�Y]�

24. ���	`���	**
	"������	Q$�	|��������	��	���	#Q*Y>#;	�
	���������	��	���Y
���	>#;	���
�
V	�	����������	

�����	`�������	^�������	Q

�������	���	"�����!�	#�����


	Q�
�������\��	����������
�		==Y=�Y?�=��	K��	
Type: Abstract

25. ���	`���	**
	"������	Q$�	|��������	��	���	#Q*Y>#;	�
	���������	��	���Y
���	>#;	���
�
V	�	����������	
study. 23rd European Society of Intensive Care Medicine Annual Congress, Barcelone.Spain . 13-10-2010. Ref 
Type: Abstract

26. ���	`���	**
	"������	Q$�	|��������	��	���	#Q*Y>#;	�
	���������	��	���Y
���	>#;	���
�
V	�	����������	

�����	"������	��	#������	#���	*�������	X���	#������	#���	#�����


	"��	^�����;"Q	�	=�Y=Y?�==�	K��	\���V	
Abstract

27. ��
���	*Q
	Q�����	%x
	|��	��

	�'
	�����	�
	`��	`�
	>�����	"%�	Q	��
�����	���������	��	�������	��������	��	
��������	��	���	�����
���	����	�����	#���	#���	?��[{=�+X<VK=?=�

Delirium in Intensive Care Patients



53

Supplement

��"���#� w�����������������������
-.*�
�

LK
�"

*V
��

��
��

��
��

��
L�

V�

�

��
��

	�
���

��
���

��
��

��
��

��
LZ

`j
�


�V
�

X
�%

��
�	

��
���

��
��

��
��

��
��

��
LZ

`j
�


�V
�

To
ta

l	p
op

ul
at

io
n	
(n

=1
81

)	
24

.7
	(6

.1
Y9
9.
7)

	
0.
5	
(0

.4
Y0

.7
)	

Ps
yc

ho
ac

tiv
e	

m
ed

ic
at

io
n	
be

tw
ee

n	
as

se
ss

m
en

ts
	

Y	Y
es

	(n
=4
6)

			
Y	N

o	
(n

=1
35

)	

	 12
.0
(1

.7
Y8
3.
8)

	
35

.8
	(5

.0
Y2
57

.6
)	

	 0.
6	
(0

.5
Y0

.7
)	

0.
5	
(0

.3
Y0

.7
)	

D
el

ir
iu

m
	s

ub
ty
pe

s*

Y	H
yp
oa

ct
iv
e	
(d
el

ir
io

us
	n

=3
6;

	n
ot

	d
el

ir
io

us
		n

=1
06

)	
Y	H

yp
er

ac
tiv

e	
(d
el

ir
io

us
	n

=7
;	n

ot
	d
el

ir
io

us
	n

=1
06

)	
Y	M

ix
ed

	ty
pe

	(d
el

ir
io

us
	n

=3
2;

	n
ot

	d
el

ir
io

us
	n

=1
06

)	

	 16
.2

	(3
.8

Y6
9.
6)

	
53

.0
	(1

3.
4Y
20

9.
5)

	
27

.4
	(6

.6
Y1
12

.5
) 	

	 0.
7	
(0

.6
Y0

.9
)	

0.
0	
(0

.0
)	

0.
5	
(0

.3
Y0

.7
)	

A
dm

itt
in

g	
di

sc
ip

lin
e	

Y	I
nt
er

na
l	m

ed
ic

in
e	
(n

=5
2)

	
Y	G

en
er

al
	s

ur
ge

ry
	(n

=6
4)

	
Y	C

ar
di
ol
og
y	
/	

ca
rd

io
th
or

ac
ic

	s
ur

ge
ry

	(n
=4
3)

	
Y	N

eu
ro

lo
gy

	/
	n
eu

ro
su

rg
e r
y	
(n

=2
2)

	

	 14
.1

	(2
.0

Y9
9.
7)

	
14

.6
	(2

.0
Y1
07

.4
)	

N
/A

	
N
/A

	

	 0.
5	
(0

.3
Y0

.7
)	

0.
6	
(0

.5
Y0

.9
)	

0.
4	
(0

.2
Y0

.7
)	

0.
8	
(0

.6
Y1

.2
)	

Co
m

m
un

ic
at

io
n	

ab
ili

ty
	

Y	V
er
ba

l	c
om

m
un

ic
at

i o
n	
po

ss
ib

le
	(n

=1
09

)	
Y	V

er
ba

l	c
om

m
un

ic
at

io
n	

no
t	p

os
si
bl
e	
(n

=7
2)

	

	 30
.1

	(4
.1

Y2
19

.5
)	

16
.0

	(2
.3

Y1
12

.9
)	

	 0.
6	
(0

.4
Y0

.8
)	

0.
5 	
(0

.4
Y0

.7
)	

Ce
nt
er

	(n
um

be
r	o

f	i
nc

lu
de

d	
pa

tie
nt

s)
	

-
A

	(n
=2
6)

	
-

B	
(n

=9
)	

-
C	
(n

=3
4)

	
-

D
	(n

=2
0)

	
-

E	
(n

=1
0)

	
-

F	
(n

=1
5)

	
-

G
	(n

=2
6)

	
-

H
	(n

=1
4)

	
-

I	(
n=

20
)	

-
J	(

n=
7)

	

	 8.
6	
(1

.3
Y5
7.
6)

	
N
/A

f 	
N
/A

f	

9.
0	
(1

.2
Y6
8.
1)

	
N
/A

f	

N
/A

f	

N
/A

f	

N
/A

f	

N
/A

f	

N
/A

f	

	 0.
3	
(0

.1
Y0

.7
)	

0.
5	
(0

.2
Y1

.3
)	

0.
7	
(0

.5
Y1

.0
)	

0.
4	
(0

.1
Y1

.3
)	

0.
7	
(0

.3
Y1

.5
)	

1.
0	
(1

.0
Y1

.0
)	

0.
6	
(0

.4
Y0

.9
)	

0.
2	
(0

.0
Y1

.2
)	

0.
6	
(0

.3
Y1

.0
)	

1.
0	
(1

.0
Y1

.0
)	

D
ef

in
iti

on
	o

f	a
bb

re
vi

at
io

ns
:	C

A
M

&IC
U

	=
	C

on
fu

si
on

	A
ss

es
sm

en
t	M

et
ho

d	
fo

r	
th

e	
In

te
ns

iv
e	

Ca
re

	U
ni

t;
	N

/A
	=

	n
ot

	a
pp

lic
ab

le
	(n

o	
fa

ls
e	

po
si

tiv
e	

CA
M

&IC
U

	
re

su
lt)

.	* ac
co

rd
in

g	
to

	th
e	

ex
pe

rt
	g

ro
up

s.
	

�������������������
���������-����������.������
���������������	��
��������@�-�.�����������K���G

3





4
������G������������$���%�
����G������	�����������
�������*�����������������
���%��G��
���������

Mark van den Boogaard, Rachel P.L. van Swelm, 
Frans G.M. Russel, Suzanne Heemskerk, 
$������
	&�	���	���	'�����
	K�
������	*�
������
	
Peter Pickkers

-���
��
	.��
��
	����$	
���



Abstract

;��A5����"
"�������	 ���������
	 �

�������	 ����	 ���	 �����������	 ��	 ��������	 ���	 
���	

���	 ������	 ;������	 ���������
	 ��
	 
����

�����	 ����	 �������	 ��	 �������	 �����	
biomarkers associated with various disease states, but its value has not been 
����
������	��	��������	������
�

�
�����
>�	�	���
������	����������	
����	����������	��������	������
	����	�������	
������	

����	��������	���	�������	���������	�����
�
�	̂ �������	������
	����	�������	����	
�����������	������
	����	�������	
������	��	���
	������
	
�������	��	�����

	
����
	
x�"Y>#;
	 `���Y
����
	 #Y�������	 �������
	 �����	 �������	 ���	 �����	 ��������	 ����	
;����	 ��
	 ���������	 ������	 ?X	 ����
	 ����	 ���	 ��
��	 ��	 ���������	 *�����Y�

�
���	
��
��	��
�����������
����Y���	��	@����	��

	
�����������	+*Qx^>Y\��	*"<	��
	
�������	 ��	 ������	 ��~������
	 ��	 ���	 �������	 ��������	 �

�������	 ����	 ��������	
��	 ���
�	 >#;	 ������
�	 ��	 ��������	 =�	 ����������	 ��������	 ���	 =�	 ��������
��	
�������	���Y��������	��
�Y�������	
������	������
�	��	��������	��~������
	��	���	
�������	��������	��	�������
	�����	��	��
������

�����������
��	 ��������	 ����	 *Qx^>Y\��	 *"	 ��	 �����	 ���
	 ���	 ������	 �	 �����	 ����������	

��������	��������	!���������	��	>#;	������
�

��������	^����	�
5���
�	���<
��	0�^��6��++�

Delirium in Intensive Care Patients

56



������G�����������������%�����G�������	�����������
�������*��������������������%��G��
����������

57

Background

Delirium is an acute psycho-organic syndrome, that frequently occurs in hospitalized 
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associated with serious health problems, such as prolonged stay on the mechanical 
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other lifesaving materials. 

Although the pathophysiology of delirium is far from clear, several biomarkers and 
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biomarkers that may facilitate the diagnosis of delirium have not been discovered. 
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the pathophysiological mechanism of disorders (5), such as delirium. Proteomics 
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without, for mass spectrometry disturbing, abundant proteins, such as albumin (11). 
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proven to be useful in predominantly urogenital diseases, but has recently also been 
implicated in non-urogenital diseases including cancer and coronary artery disease 
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The aim of our present study was to explore whether biomarkers associated 
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were centrifuged (15 min, 2000g at 40C) and stored in small aliquots at -800C to 
minimize freeze-thaw cycles. 
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Results

\��	��������	���	���Y��������	��
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regarding the matched variables (Table 1).

��"���#� ����%������y���������������������	����"�����������������������*����������������

	 ���������%�����
LXQ#<V	

X��*���������%�����
LXQ#<V	

�������	

Admission	time	(days)	 1	[1Y1.5]	 1	[1Y1]	 .91	
Gender	(Male)	 7	 6	 .65	
Age	(years)	 75	[70Y78]	 75	[68Y78]	 .73	
RASSYscore	(median)	 0	[0	Y	1]	 Y0.5	[Y1	Y	0]	 .007	
APACHEYII	score	 17	[14Y19]	 17	[13Y21]	 .88	
CYreactive	protein	 41	[35Y58]	 38	[13Y48]	 .28	
Aorta	clamping	time	
(minutes)	

79	[63Y94]	 106	[66Y115]	 .35	

Euro	score	 7	[6Y9]	 7	[6Y12]	 .70	
Measurement	Creatinine	
after	operation	in	hours		

21	[14Y43]	 21	[15Y21]	 .78	

Serum	Creatinine	μmol/L	 97	[86Y114]	 86	[57Y125]	 .32	
Urine	Creatinine	μmol/L	 11	[7Y16]	 8	[6Y12]	 .25	
MDRDYGFR	
(ml/min/1.73m2)	

69	[55Y75]	 71	[52Y102]	 .45	

Type	of	operation	

CABG																			N=4	
Valve	operation	N=2	
Valve/CABG								N=2	
Miscellaneous			N=2	

CABG																			N=3	
Valve	operation	N=1	
Valve/CABG								N=3	
Miscellaneous				N=3	

.87	

All	values	are	median	[interquartile	range	25&75%]	unless	other	reported.	
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The clinical relevance of the 11735.7 Da (p < .044) mass and its suspected double 
charged form of 5867.12 Da (p	¦	��XX<	��	�����	
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in brain or serum do not pass the blood-brain-barrier or are not excreted in urine. 
Although mass spectrometry can be accurately applied to detect proteins over 
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urine protein content as compared to healthy controls (mean 0.22 ± SD 0.13 g/L 
compared to <0.100 ± 0.002g/L in masterpool control urine samples), Challenging 
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The performance of CAM-ICU screenings by the nurses was monitored to ensure 
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Dichotomous variables were tested with the Chi-square test. To determine short-
term consequences of delirium covariance analyses were performed to adjust 
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between delirium subtypes were tested using the Mann-Whitney U test. 
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were used as covariates.  
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SPSS version 16.01 (SPSS, Chicago, IL).

Results

>�	 �����	 ?
==[	 ���
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	 ����	 
�������	 ��	 �����	 ��J	 ����	 ��������	
(Figure 1). The most common reasons for exclusion were sustained coma (26.8%) 
and delirium before ICU admission (26.6%).
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The delirium incidence rates of the cardiac surgery and neurosurgical groups was 
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��"���#� ����%����������������������������*�����������������������������

	 X��*���������
����������
(N=1202)	

����������
����������
(N=411)	

�	������

Age	(years)	 61	 ±14	 64	 ±15	 <	.0001	
Gender	(M)	 792	 (66%)	 235 (57%)	 .001	
Urgent	admission	(N)	 526	 (44%)	 326 (79%)	 <	.0001	
APACHEYII	score	(point)		 13	 ±5	 18	 ±6	 <	.0001	
Mechanically	 ventilated	 patients	
(N)	

903 (75%)	 363 (88%)	 <	.0001	

Diagnosis	group	
- Cardiac	surgery	(N=793)	
- Surgical	(217)	
- Medical	(N=360)	
- Trauma	(N=80)	
- Neurology	(N=89)	
- Neurosurgical	(N=74)	

698
160
205
42
30
67

	
(88%)	
(74%)	
(60%)	
(53%)	
(34%)	
(90%)	

95	
57
155	
38
59
7	

	
(12%)*	
(26%)	
(40%)	
(47%)	
(66%)**	
(10%)*	

	
	

APACHE&II	score:	Acute	Physiology	and	Chronic	Health	Evaluation&II	score	
Data	are	expressed	as	mean±standard	deviation	or	numbers	of	patients	and	percentages.	
*	Significantly	lower	incidence	rate	than	the	other	admission	types	
**	Significantly	highest	delirium	incidence	rate	

Delirium subtypes 
Regarding the delirium subtypes, the mixed subtype occurred most frequently, 
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are shown in Table 2.
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followed by unplanned removal of the endotracheal tube (28%). The incidence 
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��"���/� ��;��������"��&�������*��������������������������������������*����������z��������

	 X��*���������
����������
(N=1202)	

����������
����������
(N=411)	

�	�����
�

Days	of	mechanical	ventilation			 0.3 [0.2Y0.6]	 4.6 [0.9Y10.9]	 <	.0001	
ReYintubation	(N)	 6 (0.5)	 41 (10%)	 <	.0001	
Accidental	removal	of	tubes,	
catheters	(N)	

7 (0.6)	 49 (11.9%)	 <	.0001	

Total	number	of	removals		
(N,	frequency/patient)	

8 (1.1)	 95 (1.9)	 .35	

LOSYICU	(days)	 1	 [1Y2]	 6	 [2Y13]	 <	.0001	
LOSYHospital	(days)	 7	 [5Y14]	 20	 [10Y20]	 <	.0001	
Mortality	rate	(N)	 40 (3%)	 73 (18%)	 <	.0001	
LOS:	length	of	stay	
Data	are	expressed	as	medians	[IQRs]	or	numbers	of	patients	and	percentages	 	
*	Adjusted	for	APACHE&II	score	using	analysis	of	covariance	

 The median length of stay in the ICU and in-hospital was 1 day [IQR 1-3] and 9 
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��"���^� ��;��������"��&������"�G��������������������������������������������������
� ������������*����������z��������

	 {G�������	��
��"�G���

(N=44)	

�������	

	

{G������	��
��"�G���
(N=148)	

�������	
�	

.�>����
��"�G���
(N=219)	

�	�����†	

Age	(years,	median,[IQR])	 73	 [60Y77]	 .20*	 67 [57Y75]	 .75#	 66 [56Y75]	 .13†	
APACHEYII	score	(point)	 16	 [13Y19]	 .10*	 18 [14Y22]	 .47#	 18 [14Y23]	 .03†	
Delirium	incidence	rate	 44		(10.7%)	 	 148	 (36%)	 	 219 (53.3%)	 	
Delirium	duration	(days,	
median,	[IQR])	

1	 [1Y1]	 <	.001*	 1 [1Y4]	 <	.001#	 4 [2Y13]	 <	.001†	

Mechanical	ventilation	
(days,	median,	[IQR]	

0.6	 [0.3Y2.1]	 <	.001*	 3 [0.8Y7.7]	 <	.001#	 6.9 [1.7Y13.8]	 <	.001†	

ReYintubation	per	1000	
delirium	days	

68	 .02*	 22	 .81#	 16	 .01†	

Incidence	unplanned	
removal	tubes,	catheters	
per	1000	delirium	days	

227	 <	.001*	 35	 .78#	 40	 <	.001†	

Frequency	removal	of	
tubes	per	1000	delirium	
days		

386	 <	.001*	 88	 .97#	 86	 <	.001†	

LOSYICU	 3	 [1Y5]	 .02*	 5 [2Y9]	 .001#	 9 [3Y17]	 <	.001†	
LOS	inYhospital	 10	 [5Y15]	 .003*	 17.5 [8Y32]	 .003#	 24 [13Y48]	 <	.001†	
Deceased	(N)	 3	 (6.8%)	 .04*	 28 (18.9%)	 .53#	 42 (19.2%)	 .03†	
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	
†			Difference	between	hyperactive	and	mixed	delirium	subtype

��"���`� ����������������������������&�����>������"�������������	��������y�w�K*�
��
� ������*��������y�������*�����������������G

	 :>������������������
	�����������

	
OR	(95%CI)	

:>��������
w�K*�
��

�
OR	(95%CI)	

:>��������
w�K�

��*{��������
OR	(95%CI)�

��*{��������
��������G�

�
OR	(95%CI)�

Delirium		 7.0	 (4.7Y10.5)	 8.6 (5.8Y12.7)	 2.1 (1.5Y3.0)	 2.1 (1.2Y3.5)	
Age		 0.99	 (0.97Y1.01)	 0.99 (0.98Y1.01)	 0.99 (0.99Y1.01)	 1.03 (1.01Y1.05)	
APACHEYII	score	 1.07	 (1.03Y1.11)	 1.06 (1.03Y1.1)	 1.08 (1.06Y1.11)	 1.07 (1.03Y1.11)	
Sepsis	 2.6	 (1.2Y5.6)	 2.6 (1.3Y5.3)	 1.3 (0.8Y2.2)	 2.9 (1.6Y5.1)	
Use	of	sedatives	 2.9	 (1.8Y4.6)	 1.3 (0.8Y2.1)	 1.0 (0.7Y1.5)	 0.5 (0.3Y0.99)	
NonYsustained	coma	 5.6	 (3.5Y9.0)	 3.4 (2.1Y5.7)	 1.3 (0.9Y2.0)	 1.6 (0.8Y3.2)	
Respiratory	diseases	 1.9	 (1.3Y2.9)	 2.3 (1.6Y3.4)	 1.8 (1.4Y2.5)	 2.4 (1.5Y3.9)	
ReYintubation	 30.1	 (7.6Y119.4)	 18.6 (5.4Y63.5)	 5.6 (2.5Y12.7)	 1.6 0.7Y3.6)	
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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Discussion 

In this study we observed that the overall delirium incidence is approximately a 
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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 
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shortest. Furthermore we found that delirium is associated with serious short-
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as with in-hospital mortality.
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agitated and consequently pull out their lines or endotracheal tube. Adjusted 
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cardiac surgery and neurosurgical group is remarkable. There are only a few studies 
which reported incidence rates of delirium subtypes but these were only in medical 
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rather comparable with these other reports. 
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This screening tool is however, the most frequently used tool worldwide, and has the 
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is valid and our incidence rate is reliable. However, one may argue that our overall 
incidence rate is low compared to other studies on delirium in the ICU, and hence 
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be considered as a normal exclusion criteria when determining the incidence rate. 
Sustained coma was the second most frequent reason which occurred the most 
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is important to recognize that delirium is a serious disorder with serious short-
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hospitals before the end of the delirium episode and like others (38) we did not 
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the ward and therefore had less indwelling tubes and catheters. 

Conclusion
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In summary, the high delirium incidence rate and serious short term health related 
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INTRODUCTION
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and the majority who develop delirium do so within 48 hours of admission (8). 
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The aim of our study was to evaluate whether delirium, if present within 24 hours 
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Material and methods
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the Confusion Assessment Method-ICU (CAM-ICU) (10). The assessment with the 
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and in-hospital mortality were evaluated. Normally distributed data were tested 
��������������	 �
���	 ���	 "�������
	 \Y��
�
	 ���	 ���	 ��������	 ��
��������	 ����	
����	 ��
���	 ���Y��������������	 �
���	 ���	 *���Y�������	 ;	 ��
��	 \��	 ����������	
�������	��������	���	���	Q�Q#'`Y>>	
����	��
	��
���	�
���	���	"��������
	����	
\��	 �

�������	 �������	 ��������	 ���	 ��Y��
�����	 ���������	 ��
	 ���������	 ��	 �	
����������	���	�����������	����
��	�����

���	������	\��	!�
�	�����	���
�
���	��	
�������
	�������	
����	��	���	��������
	��	���	Q�Q#'`Y>>	
����	�
	���	����	���������	
���������	 \��	 
�����	 �����
	 ��
��	 ��	 ���	 ����	 ��	 ���	 
���	 ������

	 ���
�
���	
the variables of the APACHE-II score with delirium added as a new predictor. 
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NonYdelirium					
<24	hours	

Delirium							
<24	hours	

p	value	

Age	in	years	 61	±	15	 66	±	14	 .11	
Male,	N	(%)	 134	(21.1)	 198	(17.9)	 .08	
APACHEYII	score	 14	±	6	 17	±	6	 .18	
Length	of	stayYICU	in	days	(medianYIQR)	 1	(1Y3)	 3	(1Y9)	 <	.0001	
Length	of	stayYhospital	in	days	(medianYIQR)	 8	(5Y16)	 15	(8Y33)	 <	.0001	
Urgent	admission,	N	(%)	 708	(50.3)	 253	(76.2)	 <	.0001	
ICU	admission	type	(%):	

- Surgical	
- Medical	
- Trauma	
- Neurology/neurosurgical	

	
910	(87.7)	
302	(70.1)	
66	(78.6)	
130	(69.1)	

	
127	(12.2)	
129	(29.9)	
18	(21.4)	
58	(30.9)	

	

	Died,	N	(%)		 80	(5.7)	 54	(16.2)	 <	.0001	
APACHE,	Acute	Physiology	and	Chronic	Health	Evaluation&II;	IQR,	interquartile	range.	
*	Data	are	presented	as	mean	±	standard	deviation,	unless	otherwise	mentioned.	

Q	�����	��	JJ?	������
	+=}�<	����	��������

	=J?	��	���	���	��	����

���	���	?��	
������	?X	����
	����	����

����	\��	�������	��Y��
�����	���������	����	��
	]�]��	>�	
���	���Y��������
	�����	_�	��	=
X�_	������
	+��]�<	����
	���	��	���	��������
	�����	

����������������������������������������������*�����������������G�
in intensive care patients

6



94

���
	��
	�X	��	JJ?	������
	+=[�?�<�

��"���)� ����������������������������������������������������%���������������"%�����
� &������������������%��G���������|

�
������
%�����

X�Q�#}^<�

X��*��������
���%��G����������

X�Q�==#�
Age	in	years	 62	±	14	 58	±	16	
Gender	M/F,	N	 1109/631	 506/375	
APACHEYII	score	 15±5	 16±6.6	
Length	of	stayYICU	in	days	(medianYIQR)	

- non	delirious	(within	24	hours	after	admission)	
- delirious		

	
1	(1Y3)	
3	(1Y9)	

	
2	(1Y7)	
3	(2Y10)	

Length	of	stayYhospital	in	days	(medianYIQR)	
- non	delirious	(within	24	hours	after	admission)	
- delirious	

	
8	(5Y16)	
15	(8Y33)	

	
14	(8Y27)	
19	(10Y36)	

Urgent	admission,	N	(%)	 961	(55.2)	 703	(82.8)	
ICU	admission	type	(%):	

- Surgical	
- Medical	
- Trauma	
- Neurology/neurosurgical	

	
59.6	
24.8	
4.8	
10.8	

	
23.4	
45.9	
9.4	
21.3	

Delirium,	N	(%)	
- before	admission	
- within	24	hours	after	admission	

332/1740	(19.1)	
132	(7.6)	
200	(11.5)	

223/881	(25.3)	
106	(12.0)	
117	(13.2)	

	Died,	N	(%)	
- non	delirious	(within	24	hours	after	admission)	
- delirious		

	
80	(5.7)	
54	(16.2)	

	
71	(10.8)	
36	(16.1)	

APACHE,	 Acute	 Physiology	 and	 Chronic	 Health	 Evaluation&II;	 F,	 female;	 IQR,	 interquartile	
range;	M,	male.		
*	Data	are	presented	as	mean	±	standard	deviation,	unless	otherwise	mentioned.	
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admission and in-hospital mortality was 3.22 (95% CI: 2.23 to 4.66), and between 
the APACHE-II score and in-hospital mortality was 1.15 (95% CI: 1.12 to 1.19) per 
APACHE-point. The AUC of the APACHE-II model without delirium was 0.77 (95% 
CI: 0.73 to 0.81, standard error 0.19) and 0.78 (95% CI: 0.74 to 0.82, standard error 
0.19) when delirium was added. Comparison of the two AUCs with the Hanley and 
McNeil test resulted in a z-value of 0.92 (p	�	�J[<	���������	����	����	Q;#
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ICU admission and in-hospital mortality in this subgroup was 1.59 (95% CI: 1.03 to 
2.46) and for APACHE-II and in-hospital mortality was 1.11 (95% CI: 1.08 to 1.15) per 
point. 
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reports (13), showing that the presence of delirium is an independent risk factor 
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Conclusion
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To examine the impact of delirium during their ICU stay on long-term health-
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to 1292 intensive care survivors with (n=272) and without (n=1020) delirium during 
their intensive care stay.
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Intensive care unit survivors with delirium during their intensive care unit stay 
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SPSS version 16.01 (SPSS, Chicago, IL).

Results
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during their ICU stay.
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out of 1,020 (73%) did not.
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(�%����#� (��&����������������������������������{��������������~�����G����w�������	�G
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�������
	���������	���	���
��������

	}=�	���������	
���	"�YJ[
	}_�	���������	���	#>"Y������	���	}]�	��
�����	���	���	���
���
	��	
���	#�¨�	\��	�����������	����	���	�����

Y�������	����������
��
	��	���	��
������
	
and nonresponders are illustrated in Table 1. 
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that did not develop delirium during their ICU stay (Table 2).
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with delirium during their ICU stay rated their quality of life lower on all dimensions 
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remained. The results of our ICU survivors were worse on several domains of the 
"�YJ[	��������	����	��	���Y����
���	�������	^����	���������	+\����	J<	���	���	��	
line with those of others (10).

��"���#� ����%�������������������������������������������*����������

	 �����������
L�QZ#`V	

X��*�����������
L�Q/}}V	

��

Age	 65	[57Y72]	 60	[47Y71]	 �	�����	
Delirium	(n=272)	

- Hypo	active	(n=94)	
- Hyperactive	(n=32)	
- Mixed	(n=146)	

171	(19%)	
63	(7%)	
19	(2%)	
89	(10%)	

101	(27%)	
31	(8%)	
13	(3%)	
57	(15%)	

����	

Gender	(male)	 609	(67%)	 231	(61%)	 ���:	
Sepsis	(n)	 28	(3%)	 11	(3%)	 �:�	
Urgent	admission	(n)	 389	(43%)	 204	(54%)	 �	�����	
Acute	 Physiology	 and	 Chronic	
Health	EvaluationYII	score	

14	[11Y17]	 13	[10Y17]	
��6	

LOSYICU	(days)	 1		[1Y2]	 1	[1Y3]	 ���	
LOSYHospital	(days)	 7	[5Y14]	 9	[6Y18]	 ����	
Admission	type	

- Surgical	
- Medical	
- Trauma	
- Neurology/Neurosurgical	

	
666	(73%)	
131	(14%)	
41	(5%)	
77	(8%)	

	
225	(59%)	
74		(20%)	
32		(9%)	
46		(12%)	
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��"���)� ����%������������������������������������

	 X���������������

����������
L�Q}^^V�

���������

��������
L�Q#}#V	

�	

Age	 65	 [57Y72]	 65	 [58Y75]	 ���	
Gender	(male)	 508	 (68%)	 101	 (60%)	 ���	
Acute	Physiology	and	Chronic	
Health	EvaluationYII	score	

13	 [10Y16]	 17	 [14Y20]	 �	�����	

Urgent	admission	(n)	 261	 (35%)	 128	 (75%)	 �	�����	
Length	of	stayYintensive	care	unit	
(days)	

1	 [1Y1]	 5	 [2Y11]	 �	�����	

Length	of	stayYhospital	(days)	 7	 [5Y11]	 16	 [9Y37]	 �	�����	
Sepsis	(n)	 12	 (2%)	 16	 (9%)	 �	�����	
Admission	type	

- Surgical	
- Medical	
- Trauma	
- Neurology/Neurosurgical	

589	
	77		
24	
54	

	
(79%)	
(10%)	
(3%)	
(7%)	

77	
54		
17	
23	

	
(45%)	
(32%)	
(10%)	
(14%)	
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the CIS scores between the two groups remained.

>��
�
��
�	<
�E

�	"
������	��"	���"
������	���
���	��	H�����	���
\��	��������	
�������
	��������	����	����������	��������	�������	��	���	���
����	

��������	�����
���
	��������	��	������
	���	���	���	
�~��	����	���������	`���	
����	����
���	���	���������
	���
	��~������	�������	���	�����
	���
�
����	Q���
���	
���	���������

	������
	���	���	�������
��	���	��������	������	��	����������	����	
problems with their memory (p	�	 ��_<�	�������
	�����	�����	
���Y��������	��������	
�������	 ��
	 
����!������	 ���������	 >�	 �������
	 ������
	 ����	 ��������	 ��������	

����!������	����	 ����Y����	�������
	����	������	���	������������	����	 >#;	
��
������	����	������	����	��������	����	�����������	������
	+\����	J<�	

Delirium in Intensive Care Patients



111

��"���/� �����������K�����(���*/Yy�
�������������	������K����%��*���%��y�
� ��������
�%���	��(�������~�������������������������#=��������
� �+����
���������%�����������������	��������

�
Nondelirium�

Patients�
(n=744)�

�����Delirium�
Patients�

(n=171)�
���

General�
Population�

Subgroup�Age��
55*64y�
¡ 
�

Short*Form*36� 	 	
���
����	�����������	 ­¬ �¬ªY¯ª�	 ¬¬ �¡¬Y®ª�	 � ®	 ­¡Å¡«	

«­Å£ 	
­ Å¡¬	
«¡Å¡ª	
®¡Å¡¢	
«®Å¡ª	
® Å¢¬	
­­Å ®	
¬ªÅ¯	

¬¡Å ª	

����Y���
����	 ¬ª �ªY ªª�	 ¡¬ �ªY­¬�	 �¡ª	

������	����	 ­®
�¬­Y
 ªª�	

­® �¬¬Y ªª�	 �¡«	
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�«¢Y
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¬¢ �£¢Y¬®�	 ¬ª �¢®Y¬­�	 �« 	

Checklist�individual�
strengthY�����	�

¡® � ­Y¢¯�	 ¢¡ �¡¡Y££�	 � ¢	
	

Cognitive�Failure�
Questionnaire�

	 	
	

������	 ­�ª �£Y ª�	 ®�ª �¬Y ¡�	 �ª®	
^�
������������	   �ª �«Y ¬�	   �ª �­Y «�	 � ¯	
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	 «�ª �£Y¯�	 ®�ª �£Y ª�	 �ª£½	
����
		 ¢�ª �¡Y£�	 ¢�ª �¡Y£�	 �¡¡		
#�¨Y�����	 ¡« � ­Y¢¬�	 ¡® � ¯Y¢¯�	 �ª¢½	

Data	are	expressed	as	median	with	interquartile	range	or	mean	with	SD	(±)	
�	Adjusted	for	gender,	urgent	admission,	Acute	Physiology	and	Chronic	Health	Evaluation&II	
score,	sepsis	and	length	of	stay&intensive	care	unit	using	log	transformed	data	(not	shown);	b	
<	.05		
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'������
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	 �������	 ���	 ��������	 
������
	 ��	
admission type, admission to the ICU for urgent reasons, ICU and in-hospital length 
of stay (Table 4). These variables were considered as covariates. In the unadjusted 
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between the subtypes of delirium. Taken together, the three subgroups of delirium 
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delirium during their ICU stay. 
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��"���^� ��;��������"��&������"�G�������������������{��������������~�����G����w�����������

� {G������	��
��"�G���
L�QY/V�

{G�������	��
��"�G���
L�Q#ZV�

.�>�����"�G���
L�Q=ZV�

Age	 68 [59Y75]	 64 [57Y75]	 64	 [57Y75]	
Gender	(male)	 36 (57%)	 10	 (53%)	 55	 (62%)	
Acute	Physiology	and	Chronic	
Health	EvaluationYII	score	

16 [14Y21]	 14 [13Y18]	 17	 [15Y21]	

Urgent	admission	(N)	 43 (68%)	 9 (47%)	 76	 (85%)	�$<	
Length	of	stayYintensive	care	unit	
(days)	

4 [2Y7]	 3 [1Y6]	 8	 [3Y16]�$<	

Length	of	stayYhospital	(days)	 15 [7Y29]	 10 [5Y20]	 24	 [12Y24]�$<	
Sepsis	(n)	 3 (5%)	 1 (5%)	 12	 (14%)	
Admission	type	

- Surgical	
- Medical	
- Trauma	
- Neurology/Neurosurgical	

29
21
4
9

	
(46%)	
(33%)	
(6%)	
(14%)	

14
3
2
0

	
(74%)�	
(16%)�	
(11%)�	
(0%)	�	

	
	

30	
11	
14	

	
(38%)�$<	
(34%)<	
(12%)	
(16%)<	

K�����(���*/Y�� 	 	 	 	
Physical	Functioning	 66 [35Y85] 	 32 [15Y71]	 50	 [30Y75]	
RoleYPhysical	 50 [0Y100]	 38 [0Y100]	 25	 [0Y63]	
Bodily	Pain	 78 [67Y100]	 57 [32Y100]	 78	 [55Y100]	
General	Health	 56 [38Y70]	 48 [19Y65]	 50	 [35Y65]	
Social	Functioning	 	 75 [63Y100]	 63 [34Y90]	 69	 [50Y88]	
Vitality	 58 [45Y76]	 50 [35Y60]	 55	 [40Y70]	
RoleYEmotional	 100 [33Y100]	 83 [17Y100]	 100	 [0Y100]	
Mental	Health	 80 [65Y92]�&�	 64 [56Y84]	 72	 [52Y84]	
Physical	Component	Score	 37 [22Y48]	 41 [33Y49]	 36	 [29Y45]	
Mental	Component	Score	 48 [33Y56]	 52 [41Y59]	 49	 [37Y57]	

�������������	�����������%��	�	

	Ytotal	 30
	
[16Y44]	 33

	
[26Y48]	

	
33	

	
[23Y44]	


�%����	��(�������~������������	�� 	 	
Memory		 9 [5Y12]	 8 [5Y13]	 8	 [5Y12]	
Distractibility	 11 [7Y16]	 11 [6Y16]	 11	 [7Y16]	
Social	blunders	 8 [4Y9]	 5 [2Y11]	 8	 [5Y11]	
Names		 3 [2Y4]	 4 [3Y5]	 3	 [2Y4]	
CFQYtotal	 29 [20Y37]	 25 [17Y39]	 29	 [19Y42]	
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Discussion and conclusion
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Delirium is recognized as a frequent disorder with serious short-term health 
related problems and is associated with longer hospital length of stay and increased 
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probably more pronounced earlier in the course of recovery. Since the aim of our 
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This allowed adjustment for relevant covariates. 
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the Radboud University Nijmegen Medical Centre, the Netherlands. This study was 
conducted between February 1, 2008 and February 1, 2009. 
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sodium (0.3%), hematocrit (0.4%), metabolic acidosis (1.0%), Acute Physiology and 
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plots of each cohort are available in the electronical supplement Appendix D. 
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Variable	
Developmen

t�study	
(N=1613)	

Temporal�
validation�

study	
(N=549)	

External�
validation�

study	
(N=894)	

All�included�
patients�
(N=3056)�

Age	mean	in	y		
median	[IQR,	range]	

64	[54Y72,	76]	 64	[54Y73,	72]	 67	[58Y75,	78]	 65	[55Y73,	78]	

Male	(%)	 1027	(63.7) 353	(64.3) 557	(62.3)	 1937	(63.4)

APACHEYII	score		
median	[IQR,	range]	

14	[11Y18,	41]	 15	[11Y18,	47]	 16	[13Y21,	44]	 15	[12Y19,	48]	

Delirium	(%)	 411	(25.5) 171	(31.1) 329	(36.8)	 911	(29.8)

Days	till	onset	delirium	in	
days	median[IQR,	range]		

2	[2Y5,	53]	 2	[2Y5,	44]	 N.A.	 N.A.	

Urgent	admission	(%) 852	(52.8) 232	(42.3) 495	(55.4)	 1579	(51.7)

Mechanically	ventilated	(%)	 78.5% 87.1% 89.6%	 83.7%

Sedation	(%)	 386	(23.9) 184	(33.5) 543	(60.7)	 1113	(36.4%)

LOSYICU,	in	days	
median	[IQR,	range]	

2	[2Y4,	118]	 2	[2Y4,	69]	 4	[2Y8,	100]	 3	[2Y7,	118]	

LOSYin	hospital	in	days
median	[IQR,	range]	

9	[5Y19,	247]	 9	[5Y15,	98]	 10	[6Y20,	88]	 10	[5Y19,	249]	

Admission	category	(%)	
1. Surgery	
2. Medical	
3. Trauma	
4. Neurology/	

neurosurgery	

1010	(62.6)	
360	(22.3)	
80	(5)	

163	(10.1)	
	

340	(61.9)	
123	(22.4)	
18		(3.3)	
68		(12.4)	

	

	
507	(57.0)	
297	(33.2)	
30	(3.4)	
60	(6.7)	

	

1857	(60.8)	
780	(25.5)	
128	(4.2)	
291	(9.5)	
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��"���/� q����"�����������
�:*�:w���
�������������%������������������

q����"��	
��%��������
�����������	

�����������
LZ`j*
�V�

K��������
��%��������
������������	

1.	Age	(y)	 0.04	
1.04	(1.03	to	

1.06)	
0.04	

2.	APACHEYII	score	(per	point)	 0.06 1.06	(1.03	to	2.0) 0.06	

3.	Coma		
1. Medication	induced	
2. Miscellaneous		
3. Combination		

0.59	
2.92	
3.06	

1.8	(1.1	to	3.1)	
18.5	(4.6	to	73.8)	
21.3	(5.9	to	77.1)	

	
0.55	
2.70	
2.84	

4.	Admission	category	
1. Surgery	
2. Medical	
3. Trauma	
4. Neurology/	

neurosurgery	

	
RC	
0.33	
1.22	
1.49	

	
RC	

1.4	(0.9	to	2.2)	
3.4	(1.7	to	6.8)	
4.5	(2.6	to	7.5)	

	
RC	
0.31	
1.13	
1.38	

5.	Infection	(yes)	 1.14 3.1	(2.0	to	4.8) 1.05	

6.	Metabolic	acidosis	(yes)	 0.32 1.4	(1.0	to	2.0) 0.29	

7.	Morphine	use		
1. 0.01Y7.1mg/day	
2. 7.2Y18.6mg/day	
3. >18.6mg/day	

0.44	
0.14	
0.55	

1.6	(0.8	to	3.1)	
1.2	(0.8	to	1.8)	
1.8	(1.1	to	2.7)	

	
0.41	
0.13	
0.51	

8.	Sedation	(yes)	 1.51 4.5	(2.8	to	7.4) 1.39	

9.	Urea	(mmol/L)	 0.03 1.03	(1.0	to	1.1) 0.03	

10.	Urgent	admission	(%)	 0.43 1.5	(1.1	to	2.3) 0.40	

Intercept		 Y6.76 Y6.31	

��Ã	�
�
�
��
	���
5��!�	.'���A
�	�
5�
�����	��
�����
���	��
	�	�
����	��	�'
	��
"	
<�����������5	�
�'����
	��	����
��	���	�@
�	����������	
���������	��	�'
	��"
��	

Delirium in Intensive Care Patients



135

The formula of the PRE-DELIRIC model is: 
 ���������������� = 1/(1+exp- (-6.31 

+0.04 x age  
+ 0.06 x �-��HF&//	����
 
+ 0 for non coma or 0.55 for �
"������	��"��
"	���� or 2.70 for	����
����
���	
����	��	��%�	���	���<������	���� 
Æ	�	���	
�������	������
	��	��J=	�������	������
	��	=�=J	���	trauma	������
	��	
1.38 for �
�����5!��
������5����	������
	
+ 1.05 for ���
���� 
+ 0.29 for metabolic acidosis 
+ 0 for non morphine use or 0.41 for ����&+���5/24hours morphine use 
or 0.13 for 7.2-18.6mg/24hours morphine use or 0.51 for Ä�%�6�5/24hours 
morphine use 
+ 1.39 for ��
	��	�
"��@
� 
+ 0.03 x urea level (mmol/L) 
+ 0.40 for urgent admission))
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model reliably predicted the development of delirium for the complete length of 
ICU stay, based on ten readily available risk factors within 24 hours of intensive 
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delirium and delirium days, and a shorter hospital length of stay.(12) Importantly, no 
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lower.(29) In this performance study, the CAM-ICU was measured at one point on 
one day, while our delirium diagnosis was based on all CAM-ICU screenings during 
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quality checks that demonstrated a high compliance rate and interrater reliability. 
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Second, we used data of four other hospitals collected in the same study period. 
These centres implemented and clinically used the CAM-ICU combined with a delirium 
treatment protocol prior to the conduct of the present study. Regarding the external 
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Third, as recommended,(21) the risk factors used in our study were primarily based 
��	�	
�
������	�������+=_<	Q��������	��������
	����	��������	���������	���	��
���
	
��	���	!�
�	�������	��	�����	���	�������
�
	������
	���	�������	����

����	�
	���	��
�	
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Nevertheless, it is important to realize that a predicted low risk does not exclude 
the possibility to develop delirium.
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improve or deteriorate during ICU stay, the probability of the development of 
delirium may also change. The present model does not take into account changes 
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In summary, using the PRE-DELIRIC model can predict delirium for the complete 
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Appendix A     ���������������&�"*���G���"�������


�����������������������������&������)^��������+����������	����������������

Variable	 Category	 Description�	
Age	�!
�����	 C	 Continuous	variable	
Alcohol	abuse*	 D	 Known	medical	history	of	alcohol	abuse	
Anaemia	(���)*	 C	 Continuous	variable	of	hematocrit,	lowest	value		
APACHEYII	score	��
�	�������	 C	 Calculated	24	hours	after	ICU	admission	

Coma*	
	

Cat	

No	coma:	RASSY4/Y5	maximum	8	hours	
RASSY4/Y5	for	longer	than	8	hours:	
1. With	use	of	medication	
2. Other	(i.e.	intra	cerebral	bleeding,	postY

resuscitation)	
3. Combination	(1+2)	

Dementia*	 D	 Known	medical	history		of	dementia	

Admission	category#	 Cat		

1. Surgical	
2. Medical		
3. Trauma		

y/neurosurgical	4. Neurolog
Dopamine	use*	 D	 Any	use	of	dopamine		

Elevated	hepatic	enzymes	
C	

ransferase	(ALAT)	and	
solute	

(ASAT	and	ALAT	in	B��)*	

Level	of	alanine	aminot
aspartate	aminotransferase	(ASAT),	highest	ab
value		

Epidural	catheter*	 D	 	of	an	epidural	catheter		Any	use
Fever	(in	��)*	 C	 Continuous	variable,	highest	absolute	value	
Hyperamylasemia	(B���	*	 C	 Continuous	variable,	highest	absolute	value	
Hyperbilirubinemia	
(������)*		

C	 Continuous	variable,	highest	absolute	value	

Hypertension*	 B	 Medical	history	of	hypertension	
Hypocalcaemia	���������		 lute	value		C	 Continuous	variable,	lowest	abso
Hyponatraemia	�������	��	 C	 Continuous	variable,	lowest	absolute	value		

Hypotension*	 B	
Symptomatic,	resulting	in	treatment,	or	systolic	blood	
pressure	<	80	mmHg	

Infection*	 D	
icion	of	infection	for	which	Proven	or	strong	susp

antibiotics	were	started	
Lorazepam	use*	 	or	parenteral)	D	 Any	use	of	lorazepam	(oral
Metabolic	acidosis*		 B	 pH	<7.35	with	bicarbonate	<24mmol/L	

Morphine	use*	 Cat	
e:	

g	

No	morphine:	no	use	of	any	morphine	
Cumulative	use	of	any	form	of	morphin
1. 0.01Y7.1mg	
2. 7.2Y18.6mg	
3. 18.7Y331.6m

Respiratory	disease*		 D	
	pulmonary	disease,	cor	

horax	
Chronic	obstructive
pulmonale,	pneumothorax,	hematothorax,	t
trauma	

Sedative	use*	 D	
of	propofol,	midazolam,	lorazepam	or	Any	use	

combination	
Urgent	admission#	 ensive	care	admission		D	 Unplanned	int
Urea	�������	��	 C	 Continuous	variable,	highest	value	in	blood	
�Ã	�����������!		 ;Ã<����!		 "��'�

	��	 	�
@� �A	 �	>���'	
	>Ã �����
"		 ����Ã���
5������	

���A	�������	<��
" �!��
����� 
E�	��	���
�����	�� �������	"
��@
"	���
0�������	/��
���@
	���
	F@��������	"���<��
	#	


�:*�:w���
y�
�:������������:w����������
��������������	���������
����q������������������������
����������.����������������	��
����
�������

8



144

Delirium in Intensive Care Patients

Appendix B     ���������������&�"*���G���"�������


��	������������������������������������������������������������������%����

Dichotomized�variables	

Percentage�patients�
in�development�

cohort�	
(N=1613)	

Delirium�incidence�
rate�in�the�specific�

group	

Alcohol	abuse	 3.3%	 (53)	 60.4%	 (32/53)**	
Coma	

1. Medication	
2. Miscellaneous		
3. Combination		

20%	(323)	
78.6%	(253/323)	
6.5%	(21/323)	
15.2%	(49/323)	

69%	(223/323)**	
62.8%	(159/253)	
85.7%	(18/21)	
93.9%	(46/49)	

Dementia	 0.5%	(8)	 87.5%	(7/8)**	
Admission	category:	

1. Surgical	
2. Medical	
3. Trauma	
4. Neurology/neurosurgic

al	

	
62.6%	(1010)	
22.3%	(360)	
5%	(80)	

10.1%	(163)		

	
15%	(152/1010)	

43.1%	(155/360)**	
47.5%	(38/80)**	
40%	(66/163)**	

Dopamine	use	 0.2%	(3)	 0%	(0/3)	
Epidural	catheter	 5.1%	(83)	 0.6%	(9/83)	
Hypertension	 30.6%	(494)	 26.3%	(130/494)	
Infection	 14.9%	(241)	 58.1%	(140/241)**	
Lorazepam	use	 0.6%	(9)	 33.3%	(3/9)	
Metabolic	acidosis	 18.2%	(294)	 58.8%	(173/294)**	
Morphine	use:	

1. 0.01Y7.1mg/24hrs	
2. 7.2Y18.6mg/24hrs	
3. 18.7Y331.6mg/24hrs	

54.8%	(884)	
8.5%	(75)	

63.1%	(558)		
28.4%	(251)	

19.7%	(174/884)	
1.6%	(14/884)	
8.1%	(72/884)	
10%	(88/884)	

Respiratory	disease	 31.5%	(508)	 37.8%	(192/508)	
Sedative	use	 23.9%	(386)	 62.4%	(241/386)**	
Urgent	admission	 52.8%	(852)	 38.3%	(326/852)**	
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Appendix C     ���������������&�"*���G���"�������


��	��������������
�:*�:w���
����������������������������

Risk�variable	
Development�

study	
(N=1613)	

Temporal
validation�

study	
(N=549)	

External�
validation�

study	
(N=894)	

Age	mean	in	y	(SD)	 62 (±15) 62 (±15) 65 (±14)	

APACHEYII	score	(SD)	 15 (±6) 15 (±6) 18 (±7)	

Coma	(%)	
1. Medication	induced	
2. Miscellaneous		
3. Combination	

253	(15.7)	
21	(1.3)	
49	(3.0)	

82	(14.9)	
7	(1.3)	
40	(7.3)	

	
273	(30.5)	
8	(0.9)	
58	(6.5)	

Admission	category	(%)	
1. Surgery	
2. Medical	
3. Trauma	
4. Neurology/	

neurosurgery	

1010	(62.6)	
360	(22.3)	
80	(5)	

163	(10.1)	
	

340	(61.9)	
123	(22.4)	
18		(3.3)	
68		(12.4)	

	

	
507	(57.0)	
297	(33.2)	
30	(3.4)	
60	(6.7)	

	

Infection	(%)	 241	(14.9) 70	(12.8) 245	(27.4)	

Metabolic	acidosis	(%) 294	(18.2) 84	(15.3) 220	(24.6)	

Morphine	use		
1. 0.01Y7.1mg/day	
2. 7.2Y18.6mg/day	
3. >18.6mg/day	

75	(4.6)	
558	(34.6)	
251	(15.6)	

143	(26.0)	
147	(26.8)	
11	(2.0)	

	
44	(4.9)	
24	(2.7)	

291	(32.6)	

Sedation	(%)	 386	(23.9) 184	(33.5) 543	(60.7)	

Urea	(mmol/L)	median	[IQR]	 7.0 [5.0Y9.0] 7.6 [5.7Y10.2] 7.5	[5.5Y11.2]	

Urgent	admission	(%) 852	(52.8) 232	(42.3) 495	(55.4)	

Data	are	presented	as	mean	(SD),	unless	mentioned	otherwise	
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Abstract
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��������	��	È����	������
	��������	�����������	�	=�����_	����
�	�������	�������	
were delirium incidence, delirium free days without coma and 28-day mortality. 
K�
���
	��	�����������	 ���������	����	��������	����	�	��
�������	�������	�����	
and a contemporary group that did not receive haloperidol prophylaxis.
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	����	����������	�������	���	���������	���	���	��
�������	
(n=299) group. Haloperidol prophylaxis resulted in a lower delirium incidence 
(65% vs. 75%, p=0.01), and more delirium-free-days (median 20 days [IQR 8-27] 
vs. median 13 days [3-27], p=0.003). Cox-regression analysis adjusted for sepsis 

�����	��	���
	����	��	��_�	+}��#>	��[[Y��}_<	���	?_Y���	����������	�����������
	
haloperidol prophylaxis resulted in less ICU re-admissions (18% vs. 11%, p = .03) and 
unplanned removal of tubes/lines (19% vs. 12%, p = .02). Haloperidol was stopped 
��	=?	������
	���	��	¨\�Y���	�����������	+n=9), renal failure (n=1) or suspected 
������������	
���Y�~���
	+n�?<�	��	�����	
���Y�~���
	����	���������	������
	���	
����	 ���	 �������	 ������	 ���	 �����������	 ������	 +n=59) showed similar results 
compared to the untreated control group.
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'����������	����������
	��	������
	����	�	����	��
�	���	��������	������
	��������	

incidence, increases the number of delirium-free-days and reduces mortality rate. 
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Delirium is a neuropsychiatric disorder characterized by an acute onset of 
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(ICU) of the Radboud University Nijmegen Medical Centre, the Netherlands. 
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register (NCT01187667).

Delirium assessment
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ICU screening during their complete ICU stay. A delirium-and-coma-free day was 
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unit between August 1, 2010 and August 1, 2011 received haloperidol prophylaxis. To 
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unplanned removal of tubes/catheters and ICU- and hospital length of stay.
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used Cox-regression analysis with mortality as the dependent variable and baseline 
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SPSS version 18.0 (SPSS, Chicago, IL).
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Gender	(M/%)	 181	(61%)	 115	(65%)	 ���	
Age		 64±14	 63±14	 �6�	
APACHEYscore		 20±7	 19±6	 ��6	
Urgent	admission	(%)	 261	(87%)	 152	(86%)	 �:�	
Sepsis	(N/%)	 64	(21%)	 53	(30%)	 ���	
Admission	specialism	(N/%):	

- Surgical	
- Medical	
- Trauma	
- Neurology/neurosurgical		

	
75	(25%)	
143	(48%)	
32	(11%)	
49	(16%)	

	
33	(19%)	
106	(60%)	
18	(10%)	
20	(11%)	
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PREYDELIRIC	score		 73±22	 75±19	 �:�	
Other	risk		

- Alcohol	abuse	
- Dementia		

	
41	(14%)	
5	(2%)	

	
20	(11%)	
2	(1%)	
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Haloperidol treatment
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��"���/� ��;��������"��&������������%�����������������������	������%�������	�����
 in 3 delirium risk groups

���������	������	����	

�������%�����

LXQ##<V�
�����	�������
%�����LXQYZV�

������������
L��	����V�

Predicted	chance	 50±19 55±16	 .08
Age	 63±13 63±14	 .88
APACHEYII	score	 17±5 16±5	 .12
Sepsis	(%)	 11	(10%) 18	(26%)	 .005
Observed	delirium	incidence	 55(50%) 30	(44%)	 .27
28	days	delirium	free	without	coma	 26	[10Y28] 26	[13Y28]	 .17
28Yday	mortality	 13	(12%) 6	(9%)	 .34*
ReYintubation	(%)	 5	(5%) 6	(9%)	 .25
Duration	mechanical	ventilation	in	hrs.		 42	[14Y150] 63	[15Y168]	 .43
Unplanned	removal	tubes/lines	(%)	

- Tube	
- Gastric	tube	
- CVC/arterial	line	
- Other		

14	(13%)
1	(1%)	
2	(2%)	
11(10%)	
0	(0%)	

7	(10%)	
1	(2%)	
4	(6%)	
1	(2%)	
1	(<1%)	

.41

ReYadmission		 18	(16%) 4	(6%)	 .03
LOSYICU		 3	[2Y8] 4	[2Y8]	 .32
LOSYin	hospital		 17	[9Y31] 16	[8Y27]	 .48
���������	������	������	 (N=111) (N=60)	 Differences	
Predicted	chance	 81±5 80±5	 .66
Age	 64±14 61±15	 .14
APACHEYII	score	 20±6 20±7	 .94
Sepsis	(%)	 31	(28%) 24	(40%)	 .08
Observed	delirium	incidence	 94	(85%) 44	(73%)	 .06
28	days	delirium	free	without	coma	 11	[3Y22] 20 [7Y27]	 .02
28Yday	mortality	 13	(12%) 5	(8%)	 .93
ReYintubation	(%)	 11	(11%) 6	(10%)	 .56
Duration	mechanical	ventilation	in	hrs.		 124	[55Y278] 133	[50Y281]	 .76
Unplanned	removal	tubes/lines	(%)	

- Tube	
- Gastric	tube	
- CVC/arterial	line	

22	(20%)
4	(4%)	

12	(11%)	
6	(5%)	

8	(13%)	
						2	(3%)	

6	(10%)	
						0	(0%)	

.20

ReYadmission		 27	(24%) 12	(20%)	 .33
LOSYICU		 8	[3Y15] 8	[4Y17]	 .57
LOSYin	hospital		 23	[13Y43] 26	[16Y41]	 .99
���������	����������			 (N=78) (N=48)	 Differences	
Predicted	chance	 95±3 95±3	 .95
Age	 62±16 65±12	 .34
APACHEYII	score	 24±8 21±6	 .05
Sepsis	(%)	 22	(28%) 11(23%)	 .33
Observed	delirium	incidence	 76	(97%) 41	(85%)	 .06
28	days	delirium	free	without	coma	 4	[0Y14] 13	[6Y21]	 .002
28Yday	mortality	 10	(13%) 2	(4%)	 .07†

ReYintubation	(%)	 9	(12%) 3	(6%)	 .25
Duration	mechanical	ventilation	in	hrs.		 185	[112Y353] 94	[62Y266]	 .02
Unplanned	removal	tubes/lines	(%)	

- Tube	
- Gastric	tube	
- CVC/arterial	line	
- Other		

22	(28%)
3	(4%)	

12	(15%)	
7	(9%)	
0	(0%)	

6	(13%)	
1	(2%)	
3	(6%)	
0	(0%)	
2	(4%)	

.04

ReYadmission		 10	(13%) 4	(8%)	 .32
LOSYICU		 11	[7Y18] 6	[4Y15]	 .03
LOSYin	hospital	 30	[14Y56] 20	[15Y31]	 .07
Data	are	presented	as	median,	interquartile	range	[IQR],	unless	mentioned	otherwise	
*	Cox	regression	analysis	with	sepsis	as	covariate		
†	Cox	regression	analysis	with	APACHE&II	score	as	covariate��
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Discussion
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	 Control��
group�
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Intervention�
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group��
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PREYDELIRIC	score	(mean±sd)	 73±22	 77±17	 75±19	
Other	risk		

- Alcohol	abuse	
- Dementia		

	
41	(14%)	
5	(2%)	

	
4	(7%)	

0	

	
20	(11%)	
2	(1%)	

Age	(mean±)	 64±14	 62±15	 63±14	
Urgent	admission	(%)	 261	(87%)	 52	(88%)	 152	(86%)	
APACHEYII	score	 20±7	 20±6	 19±6	
Sepsis	(%)	 64	(21%) b	 16	(28%) 	 53	(30%)	
Gender	(M/%)	 181	(61%)	 35	(59%)	 115	(65%)	
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- Surgical	
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Delirium	incidence	 225	(75%) b	 53	(90%) aYb	 115	(65%)	
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28Yday	mortality	 36	(12%) b	 7	(12%) 	 13	(7%)	
ReYintubation	(%)	 25	(8%)	 8	(14%)	 15	(9%)	
Duration	mechanical	ventilation	in	
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Unplanned	removal	tubes/lines	(%)	 58	(19%) b	 13	(22%) b	 21	(12%)	
ReYadmission		 55	(18%) b	 13	(22%) b	 20	(11%)	
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Material and methods
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This study is registered at the Clinical Trial Register under the number NCT00513110. 
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laboratory tests and electrocardiogram (ECG) were normal and the volunteers had no 
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During the experiment all 15 volunteers were monitored for heart rate (ECG), blood 
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In one minute F�	 ���� LPS 2 ng/kg was injected at t = 0 hours. The course of 
symptoms (headache, nausea, shivering, muscle pain and back pain) were scored 
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a total score of 0 to 25. 
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were analyzed using a commercially available monoclonal two-site luminometric 
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chemiluminescent signal is measured in a luminometer. All steps of the assay are 
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Fp1, Fp2, Fz, F3, F4, F7, F8, Cz, C3, C4, Pz, P3, P4, T3, T4, T5, T6, A1, A2, O1, and O2. 
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with a frequency of 256 Hz and stored on a computer hard disk. The full-length 
recordings were analyzed visually by an experienced clinical neurophysiologist 
+��Q<	 �������	 ��	 ���	 x�"	 ���������	 K��	 ``&
	 ����	 
�����	 �
���	 �	 !��	 ��������	
���

�!�����	 
�
���	 ���	 
����	 ���������������
	 +JJ<�	 Q�	 ���
�	 ����	 ���	 ����	 �	
one-minute artefact-free raw EEG sample (10-second epoch) of the subject lying 
�����	����	��
	���
	���
��	��
	
�������	���	�������	����������	�����
�
�	>�	����	
subject, the power spectrum of samples was calculated for the standard frequency 
����
	+�����	¦X	'�{	�����	X	��	¦_	'�{	�����	_	��	¦=J	'�
	����	É=J'�<	�
���	�������	
����
���������	\��	����	���������	��	���	���������	������
	+�J	��	�=	���	�X	��	�?	
�������	�������
<	��
	�

�

��	���	����	���	������	\�	������	������
	��	�������	
�������

	�����	���	����	�������	������
	��	���	�������	����	�����	���	��
�����	
band power of the occipital and central electrodes (P4O2, P3O1 and F4C4, F3C3, 
��
��������<	����	�
��
	���	��
�	������
	��	����	���������	��	���	���������	������	
+=J<�	#�����
	��	�������	����	�����

��	�
	����������	��	������	��	���	����������	
��
�����	�����	��	�������	������	���	x�"	������
�������	

:�����>����*�������������������������������������������������"����

10



174

��5���@
	�������	�
���	
\��	�������	�����	��	����	����������	��
	���
����	��	��
�����	����	�������	��	���	

research unit, with the Dutch State-Trait Anxiety Inventory (STAI) scale (34). Higher 
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group of 10 healthy male volunteers that did not receive LPS.
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All data were analyzed using SPSS version 16.01 (SPSS, Chicago, Illinois, USA). Results 
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Results
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Characteristic	(n	=	15)	 	

Age	(years)	 23	±	2	

Height	(cm)	 186	±	7	

Weight	(kg)	 77.1	±	9.0	

Body	mass	index	(kg/m2)	 22.3	±	2.0	

Systolic	blood	pressure	(mmHg)	 130	±	6	

Diastolic	blood	pressure	(mmHg)	 65	±	9	

Heart	rate	(bpm)	 61	±	8	

Temperature	(ºC)	 35.7	±	0.3	

Symptom	score	(median)	 0	(IQR	0Y1)	

All	values	are	means	±	standard	deviation	unless	other	reported	
LPS&induced	changes	in	clinical	and	inflammatory	parameters	and	cortisol	levels		
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temperature increased by 1.4 ± 0.1ºC (p < .0001) and heart rate by 27 ± 2 bpm 
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	 p = .04), whereas GFAP levels did not 
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Visual analysis
For each subject, at least eight hours of raw EEG were available for visual analysis. 
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� )�����=��������+���w
K��������������

	
w
K�%�����L��Q�#`V� ����������%�����L��Q�#<V�

�*	�����
L"��&����

%����V�
Age	 22.8	±	2.2	 25.5	±	2.5	 .87*	

(Dutch)	STAI	total	 32.7	±	1.5	 29.1	±	3.7	 .13*	
	

������ !�����"��
��	�� �	

�	#	$	 �	#	%	 �	#	�	
�*	�����
(within	
group)	

�	#	$	 �	#	%	 �	#	�	
�	�����
(within	
group)	

	

Stroop	A	(in	seconds)	1		 39	±	2	 35	±	2	 		35	±	2	 .0001	 37	±	5	 34	±	4	 34	±	4	 .001	 .49	
Stroop	B	(in	seconds)	1	 51	±	3	 45	±	3	 43	±	2	 .0001	 48	±	7	 44	±	7	 43	±	7	 .001	 .45	

Stroop	C	(in	seconds)	1	 75	±	6	 65	±	4	 64	±	4	 .003	 67	±	10 62	±	12	 61	±	11	 .004	 .23	
Pasat	2	 49	±	2	 50	±	2	 56	±	2	 .001	 50	±	7	 54	±	4	 54	±	5	 .031	 .07	

Digits	forward	2	 11	±	1	 12	±	1	 11	±	1	 .115	 10	±	2	 11	±	1	 11	±	2	 .235	 .81	

Digits	backward	2	 8	±	1	 9	±	1	 9	±	1	 .30	 9	±	2	 9	±	1	 9	±	2	 .454	 .65	

Digits	total	2	 19	±	1	 20	±	1	 20	±	1	 .066	 19	±	4	 20	±	3	 21	±	4	 .203	 .63	

Pegboard	1	 64	±	2	 59	±	2	 61	±	2	 .037	 58	±	5	 56	±	6	 56	±	7	 .362	 .35	
Symbol	substitution	task2	 87	±	3	 99	±	4	 101	±	3	 .0001	 98	±	14 108	±	17	 112	±	19	 .0001	 .53	

All	values	are	means	±	SD	unless	other	reported.	*	Unpaired	T&test.	
1	Decrease	indicates	an	improvement	of	the	test.	2	Increase	indicates	an	improvement	of	the	test.	
Reading	speed	was	measured	by	Stroop	A&B&C	word	naming	test.	
Attention	under	time	pressure	was	measured	by	the	paced	auditory	serial	addition	test	(PASAT).	
Working	memory	was	tested	in	numbers	with	the	Digits	forward	and	backward	test	.	
The	fine	motor	control	was	tested	with	the	Grooved	Pegboard	test.	
Psychomotor	speed	capacity	was	measured	by	the	symbol	substitution	task.	
LPS,	lipopolysaccharide;	SD,	standard	deviation;	STAI,	Dutch	State&Trait	Anxiety	Inventory	scale.	
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Discussion

The main result of the present study is that, despite very high cytokine 
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p value < 0.05. 

All data were analyzed by using SPSS version 16.01 (SPSS, Chicago, IL, USA). 
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Age	in	years	(95%CI)	 72	(38Y86)	 68	(31Y84)	 ���		
Gender	(male,	N	%)	 27	(46)	 26	(40)	 �:�	
Medical	patients	(N,%)	 14	(28)	 13	(26)	 �:�	
Unplanned	admissions	(N,%)	 23	(46)	 7	(35%)	 ���	
APACHEYII	score	(point)	
(95%CI)	

16	(9Y25)	 15	(6Y23)	 ���	

Inflamed	patients	(N,	%)	 26	(52)	 20	(40)	 ��6	
Days	on	the	ICU	(median	[IQR]	
before	draw	blood		

1	[1Y2]	 1	[1Y3]	 ��%	

Mean	arterial	blood	pressure	
in	mmHg	(95%CI)		

64	(47Y90)	 65	(50Y105)	 ��+	

Use	of	sedatives	(midazolam,	
propofol)	(N,%)	

28	(56)	 16	(32)	 ���	

Use	of	opiates	(N,%)	 45	(90)	 42	(84)	 ��%	
Urea	in	mmol/L	(95%CI)	 11	(4Y29)	 	9	(4Y23)	 ���	
Metabolic	acidosis	(N,%)	 15	(30)	 14	(28)	 �:�	
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diagnosis. Moreover, our delirium diagnosis was based on all CAM-ICU screenings 
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body-accelerometers (20-25). Importantly, the used accelerometers, such as the 
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In chapter 5 we showed that delirium is associated with a poor outcome (29) and these 
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account. Whether poor outcome is a result of delirium or must be considered as 
an epiphenomenon of severity of illness needs to be studied more extensively, as 
�������	�	�������	
�������	��	�����

	��������
	��	������
	�������	��	������������	��	
������
�	������	�
	��������	���	��	���	�����������	��	��������	��	����	\��������
	��	
���������	��	�������	�	�������	���������	
���	�
	���	
��������	�����	�������	
assessment (SOFA) score (36) as a covariate in future delirium-associated outcome 

�����
	��	������	����	��
����	��	���	����
�Y�~���	�������
����	Q
	����������	��	
�������	[
	������	��������	��	���	
����	���������	���������	�����	Q�Q#'`Y>>	���	
���	��
���	��	�����������	��	��
	�����������	+JJ<	���	��	
���	����
	��	��	
������	��	
adding delirium to a dynamic model could improve its performance.  

������	��
�����	
�����	��
�	����
	��	������������	�������	��	���	�����	��	������
	

�~�����	����	���������	���	���������
	���	��	�������	��	���������	���	�������	
�������	���	
�������	��	�����	������	���	��������	��	�������	���	����	
����!�	
��	 ��
	 
������
�	 K�������
	 �	 
����	 
����	 ��	 �����	 ������
	 
�����	 ��
���
	 ��	 ���	
�����	�����	��	���	�����	�
���	�������	��
������	�������	+*K><	���������
	 ��	
>#;	������
	
�~�����	����	��������	+J]<�	\��
	�
	�	!�
�	
���	����	����
	������Y��	��	
more and larger studies. Imaging studies could be helpful to elucidate if short-term 
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������	�����������	����	>#;	����

���	�
���	���	>¨#�^`	���	���	#�¨	������	���	
follow-up.


�������������
��	����������������������������	��
����

������

The short- and long-term consequences of ICU acquired delirium make adequate 
���������	����������	\��	!�
�	
���	���	�~�����	���������	�
	��	�������	����	��
�	
������
�	>�	�������	_	��	��
������	���	�����������	���	���������	��	�	��������	
���������	 �����	 +XX<�	 \��
	 ���������Y��Y��������Y��Y>#;Y������
	 +�K`^`x>K>#<	
model uses covariates that are readily available within 24 hrs following ICU 
����

���	���	�����
	�	����	���������	�����
	��	�������	��������	���	���	��������	
ICU length of stay. We validated this model in several hospitals in The Netherlands 
���	
�����	����	���	���������	�����	��������	�����	'������
	���	��	���������	
��~������

	����������������	��	�����	��������
	�
	
���	���	��

�����	Q�	���	������	
��	���	���������	���������	��	������������	���������	
����	��	
������	��������
	��	
Europe and also in Australia. Although the model is able to predict delirium 24 hours 
����	>#;	����

���	���	���	��������	>#;	
���
	������
	���	�������	��������	������	
���	!�
�	���	�����	���������	��	��

��	����	���
	������	Q�	�����	���������	�����	
����	�������
	��������	�����������	����	>#;	����

���	�����	��	�
�����	\�������	
����	 ���	 ������������	 ���������	 
����	 ��	 ���	 ��
�	 ���������	 ����	 ��	 ���������	
��
�	 ������
	 �����������	����	 >#;	����

���	 ��	�������	���	��	��������	��	 ������	
���������	 ������	 +`Y�K`^`x>K>#<�	 Q������	 �����	 ����	 ����
	 ��	 ��	 �����

��	 �
	
����	���	�K`^`x>K>#	�����	�
	�	
����	�����
	�������	����	���	���������	������	��	
�������	��������	���
	���	������	����	������
�	��������	�����������
	������	���	
ICU admission. Adjustments of the PREDELIRIC model using early available factors 
���	�������	����	������	���	>#;	
���	���	�������	�������	���	���������	�����	��	
the model. 

Q���	 ���	 �K`^`x>K>#	 �����	 ��
	 ���������	 ���	 ���������	 ���	 �����	 ��
	
�����������	 ��	 ���	 �����	 ��������	 ��������	 \��
	 �������	 �
	 ��	 �������	 ������
	
with a high risk for the development of delirium. We decided to use the model to 
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Delirium is a psycho-organic disorder with an acute onset, disturbances in 
���
����
��
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disturbances or renal failure, underlying the onset of delirium. Three subtypes of 
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This thesis has four main research aims that are addressed in separate parts: 
�	 \�	 ����	 ����	 ��
����	 ����	 ���	 ������
�
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	 �
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confusion assessment tool and to explore if delirium could be diagnosed with 
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�	 To determine the impact of delirium on several short- and long-term health 
related consequences 

�	 \�	 ���������	 ��	 ��������	 ��	 �����
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prevented
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In PART ONE we focussed on the >
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���. 
���������	 �	 �������	 ���	 ����������	 ��
�������	 ��	 ��������	 ��	 Chapter 1 we 
described a tailored strategy to implement the confusion assessment method- ICU 
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measured CAM-ICU compliance, interrater reliability, and delirium knowledge 
as measures for success. Furthermore we compared haloperidol use, as a proxy 
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CAM-ICU compliance, the delirium knowledge of the ICU-nurses, and the interrater 
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successfully introduced in the ICU and the main goals were achieved rapidly. The 
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CAM-ICU suggests that delirium is detected in an earlier phase during which the 
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of three delirium experts including psychiatrists, geriatricians and neurologists 
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this thesis in view of several methodological issues and we elaborated on the clinical 
consequences of our results and aims for future research. 
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Delirium is een psycho-organische stoornis met een acuut begin gepaard gaande 
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elektrolytenbalans of nierfalen, aan ten grondslag ligt aan het delirium. 
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door tekenen van hypoalertheid of lethargie en het gemengde subtype waarbij de 
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delen:
�	 Verkrijgen van meer inzicht in de diagnose delirium bij intensive care (IC-)
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diagnose delirium op een andere manier kan worden vastgesteld

�	 Vaststellen van de impact van delirium op verschillende korte- en lange 
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delirium 

In DEEL EEN	 ������	 ��	 ��
	 �������	 ��	 ��	 �������	 ���	 ^�������	 ���	 >����
���	
#���	 ���²�����	 ��	 ���	 ��������	 ��	 �����������	 ��
���������	 ���	 ��������	 ��	
{��������� # beschrijven we in {��������� )	 ��	 ������������	 ���	 ���	 ��	 ����	
��������	
��������	��	��	#Q*Y>#;	��	����	��������
�	�������	��	��	�������	^���	

��������	 ������	 ����	 ��	 ������²��	 �������������	 �������	 ��	 �������	 ������	
�������	 ���	 ���
���������	 ��������	 ��
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interbeoordelaarsbetrouwbaarheid, en kennis op het gebied van delirium van de 
IC-verpleegkundige als maat voor succes. Verder hebben we gekeken naar het 
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maar voor een kortere periode en met een lagere dosering. Onze conclusie was 
���	���	�������	���	����	��	����	��������	 ������������
��������	����	������	
���	 ���	 
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met haloperidol werden behandeld, maar met een lagere dosis en voor een kortere 
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met haloperidol.
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��������	 ��	 ���	 ����������	 
�����	 ����������	 ��	 ���	 >#Y
afdelingen in Nederland waarbij onderzocht werd in welke mate de CAM-ICU 
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de medische dossiers en door gebruik te maken van de DSM-IV-TR criteria voor 
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wakker zijn en niet delirant, delirant, of comateus. Deze beoordeling diende als 
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en er waren opvallende verschillen tussen de deelnemende centra. Bovendien, 
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In het laatste hoofdstuk van deel één, {���������̂ 
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behulp van urineproteomics. Hoewel urineproteomics onderzoek eerder met 
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zijn met diverse andere ziektebeelden, werd de waarde hiervan bij delirante IC-
���²����	 ���	 ����	 ������	 �����������	 |���	 ���	 ���������	 ������	 >#Y���²����	
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verzameld binnen 24 uur na het ontstaan van het delirium. Matrix-assisted laser 
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werd toegepast om verschillen in de eiwituitscheiding in de urine te detecteren 
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DEEL TWEE concentreerde zich op de impact van Delirium bij Intensive Care 
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vastgesteld, per delirium subtype en per IC opnamediagnose. Daarnaast hebben 
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gedurende één jaar werden opgenomen op onze IC afdeling. Delirium werd 
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katheters, opnameduur op de IC en in het ziekenhuis, en de ziekenhuismortaliteit. 
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en katheters verwijderden. Ook was de opnameduur op de IC en in het ziekenhuis 
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������	
����!����	����	��
�	���	��������	�����	�������	��������
	������������	���	
de ziekte-ernst. Dit was het meest uitgesproken voor het gemengde subtype van 
het delirium.

In {��������� Y onderzochten we of het toevoegen van de diagnose delirium, 
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aanwezig binnen 24 uur na IC opname, als een extra variabele aan de ziekte-ernst 
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APACHE-II verbeterde niet na toevoegen van delirium, zowel in de totale groep 
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model, de voorspellende waarde van het model niet verbeterde. 

In {��������� } onderzochten we de impact van delirium op de lange termijn 
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duur van 18 maanden na IC ontslag, kwaliteit van leven vragenlijsten verstuurd naar 
=?}?	 >#	 ������������	 �������	 ?=�	 ���
	 ��	 ]}�	 ������	 ��������	 �����
	 ���	 >#	
opname. We gebruikten de SF-36v1 (SF-36) vragenlijst, de CIS-vermoeidheid en de 
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delirium en niet-delirium overlevenden in de SF-36 en de CIS-vermoeidheid scores. 
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hun IC opname een vergelijkbare score hadden op de  kwaliteit van leven, maar 
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studie werd het model  ontwikkeld in ons ziekenhuis en vervolgens gevalideerd op 
vijf intensive care units (twee universitaire ziekenhuizen en drie grote regionale 
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systemische ontsteking vooral resulteerde in een ontsteking-gemedieerde toename 
���	����
��	��	����������

In {���������## hebben we biomarkers in bloedplasma bepaald bij delirante en 
����	 ���������	 >#Y���²����	 ��	 ������������	 ��	 ��	 ���	 ���	 ����	 ���������
	 ��	
�����	�������	���������	������

	��	��
	�������	��	����������	��	��	������	��

��	
����	 ������
	 ��	 ���������	 >�	 ����	 �����������	 ��
����������	 
�����	 ������	 ��	
>#Y���²����	���	��	 ������	 ��������	 ��������	 ��	 �������	 ���	 +���@�������<	 ��	
������	+�����Y��@�������<	������������	���	���	�����������
������	��	������	��	
rol van een systemische ontsteking te ontrafelen. Binnen 24 uur na het ontstaan 
van het delirium, werd bloed afgenomen voor analyse van biomarkers en van niet-
���������	 ���²����	 ����	 �����	 ���������	 ��	 ���	 �������������	 >#	 ����������	
��
	���	���	��	���²����	���	���	���������	|�����	����
	=_	�������	��	>#	���
���
	
���	 #�������	 �������	 ¨��
��������	 +#�¨<	 �����������	 ���	 ��	 �������������	 >�	
����	 
�����	 ������	 ��	 ���������	 ��	 ��	 ����Y���������	 >#Y���²����	 ��û����������	
���	 ��	 �����������²����	 ���	 ��@������	 ��
	 ���	 ���Y��@���������	 ��������	

Samenvatting

14



236

������������	+>x<Y_	������������	���

�������	���	���	��������	���	��������
	�������	
>xY=�	��	�������À	=YX?�X�	�����	���

�������	���	��������	���	���²����	������	
��@������
	�����	�������	������
	�����������	�����

��	�����
��	|�����	�����	
��	�������	���	���
���������	�������À	������	+����	����	��	���Y��@���������	
��������

	 ���	 ���
������	 \��	 ��	 "=��YÀ<	 
����!����	 ������������	 ���	 ����Y
��������������	���������	
������

��
	=_	�������	��	>#	���
����	^���	��
�������	

���������	 ���	 ���Y��@���������	 ��������
	 ���������	 ����	 ���	 ��	 ������������	
���	 ���	 ��������	 ���	 ���²����	 ���	 ��@������	 ��	 ���	 ���	 ����	 �����	 �������	
���������	 ��������	 �����������
	 �������	 �����û��À	 �
	 �����������	 ���	 ��������	
���	 ���²����	 ������	 ��@������	 ���

�������	 ���	 ���	 ����������	 ���������	
�����������	��	��	 �����	��������	^���	��
�������	�����
������	���	 ����	���	��	
�������������	�������
���	���	��	������������	���	��������	���	>#Y���²����	���	
��@������	 �����
	 �
	 ����������	 ���	 >#Y���²����	 ������	 ��@�������	 '��	 ����	
���	��	���������	�������	���	�������À	����������	���	�����	�������	���������	

������

��	
���������	���	��	������������	���	���	��������	���	���²����	������	
��@������	 ���	 ���
��	 �����	 ���	 ����	 ���	 ���	 +
�������
��<	 ���������	 �����

	
����	���	����	����
���	������	��	�������
�����
�

In het laatste {��������� #) hebben we onze bevindingen samengevat en de 
��
�������	���	���	�����
�����	��
������	��	���	�����	���	���	������	�����������
���	
�����	��	����	��	 ��������	��	��	�����
���	���
�������
	���	����	 ��
�������	��	
������	����	������
��	����������
 

Delirium in Intensive Care Patients



237

Samenvatting

14


	Voorkant Proefschrift_Delirium ...s - Mark van den Boogaard.pdf
	IQ_Healthcare_PhD.pdf



