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1
General introduction

-
sive; in 2016 over 85.000 patients were admitted to Dutch ICUs for various reasons.

technology in intensive care medicine advances. Due to the technical advances in ICU 

been a shift in emphasis from preventing mortality to preventing the devastating long-

Delirium

Hippocrates and later on Celsus used terms to describe mental disorders that still cover 

delirium:

-

the day;

of arousal such as coma;

-
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Impact of delirium

The occurrence of delirium is associated with several adverse consequences including a 
longer duration of mechanical ventilation and length of stay in both the ICU and hospital.

Subtypes and routine monitoring
-

itoring is indispensable to deliver adequate patient care in the ICU. Routine monitoring 
of delirium in ICU patients using a reliable and valid delirium screening tool is therefore 

delirium assessment may potentially improve patient outcome by earlier detection and 

-

-

subtypes can be distinguished using a sedation assessment tool like the Richmond Agita-

SAS assessments varying between 3 to 7 during the delirium episode. These subtypes can 
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1
precipitating risk factors determines patients’ risk for delirium. Predisposing risk factors 
are baseline factors that are related to the underlying characteristics and co-morbidities of 

-

-

patients are prone to delirium.

Delirium prediction in ICU patients

-

relevant information about the risk of their loved-one to develop delirium and involved in 

ICU delirium prediction model provides more accurate risk scores compared to clinical 

-

delirium prediction model is available: the PRE-DELIRIC model which uses ten predictors 

possible after ICU admission. This calls for an early delirium prediction model to reliably 
predict delirium at time of ICU admission. 
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-

-

-

-

the program should be tailored to ICU patients and studied for feasibility in the ICU. This is 

for non-ICU patients is complete for ICU patients and feasible in an ICU setting.

Measuring cognitive failure in ICU survivors

cognitive failure by both clinicians and researchers is required to allow for actions that are 

To date there is a dearth of research into survivors’ perception of their cognitive function. 
Having this knowledge could help to understand the functional implications of cognitive 
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1
designated questionnaire to identify ICU survivors’ perception of their cognitive function.

-
cians with important functional information necessary for the support of the ICU survivors 

-
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Aims of the thesis

-
ium can be reliably predicted immediately after ICU admission;

-
able ICU delirium prediction models;
To develop a multicomponent non-pharmacological intervention program aimed to 

To develop and validate an abbreviated self-reported questionnaire to easily measure 
cognitive failure in ICU survivors.
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1
Outline of the thesis

prediction of delirium in ICU patients. In chapter 
two

This model uses nine predictors readily available at ICU admission to predict patients’ 
risk to develop delirium during their complete ICU stay. The performance of a prediction 
model outside the development sample determines its generalizability and usefulness 

chapter three  

performance and user convenience of the PRE-DELIRIC and E-PRE-DELIRIC models and 
determined the value of a two-stage calculation using both prediction models in chapter 
four.

The second part of this thesis focuses on the prevention of delirium in ICU patients. 

 we describe the 

impairment. In 

. In 
chapter seven we describe the study protocol for the planned stepped wedge cluster 

is an important risk factor for developing long-term cognitive impairment following ICU 

is required to allow for actions that are aimed at decreasing post-ICU cognitive impairment 
chapter eight we describe the development and 
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burden for the ICU survivors and may increase their response rates and compliance to 

In chapter nine

and describe aims for future research and the general conclusions. 
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Abstract

Purpose: To develop and validate a model based on data available at ICU admission to 
predict delirium development during a patient’s complete ICU stay and to determine the 
predictive value of this model in relation to the time of delirium development.

Methods: 

every participating ICU.

in the validation data set. The model was well calibrated. AUROC increased from 0.70 

delirium that developed >6 days.

Conclusion: Patients’ delirium risk for the complete ICU length of stay can be predicted at 

to reduce incidence and severity of ICU delirium.
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2

Introduction

Delirium is an acute organic brain dysfunction characterized by disturbances of attention 

Systematic delirium assessment in ICU patients is important to deliver adequate 

As part of a process to improve delirium care and to further facilitate prevention of 

measures can be restricted to high risk patients both the number of patients who will 

use of research resources.
-

24 hours of ICU admission. A relevant number of ICU patients develop delirium within 24 
 and preventive measures should ideally be applied as 

early as possible. This calls for a prediction model that can reliably predict delirium at the 
time of ICU admission. Therefore the objective of this multinational study was to develop 
and validate a model based on data available at ICU admission to predict the development 
of delirium during a patient’s complete ICU stay and to determine the predictive value of 
this model in relation to the time of development of delirium.

Some results of this study have been previously presented at the ISICEM congress in Brus-
sels, March 2014, ESICM congress in Barcelona, October 2014,(27) and the EDA congress in 
Cremona, November 2014.(28)
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Methods

Design and Study population
A multinational prospective cohort study was carried out in thirteen ICUs from seven coun-

-

than one day; were unable to reliably assess for delirium (e.g. coma during entire ICU stay; 
unable to understand the language spoken; severely mentally disabled; serious receptive 

This study was approved by the medical ethical research committee Arnhem-Nijmegen 

in accordance with the applicable rules concerning the review of research ethics commit-
tees and informed consent. All participating centers obtained ethics approval from their 
committees to conduct the study. 

Data collection
Data of 18 candidate delirium predictors were collected at ICU admission in an electronic 
clinical report form using a secured website. Candidate predictors were selected based on 

-
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2

Delirium assessment 
All consecutive patients were screened for delirium by trained ICU nurses at least once 

when a patient was treated with haloperidol or other anti-psychotics because of delirium.
-

ICU was per participating centre calculated monthly as the percentage of assessments 
performed per day in relation to the total number of assessments that should have been 

positive assessment for delirium during a patient’s complete ICU stay. 

Statistical analysis 

e-Supplement 1 online data supplement. The model was developed using multiple logis-

-
sion. The model was validated on data of the last one-third of the patients. Discriminative 
power was assessed using the area under the receiver operating characteristic curve 

-



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 32PDF page: 32PDF page: 32PDF page: 32

PART 1 | Chapter 2

32

-

development of delirium at: day 0-1; day 2; day 3-6; >day 6. 

In this study we used the Transparent Reporting of a multivariable prediction model for 

check our adherence to suggested optimal levels of transparency and completeness of 

Sample size calculation

candidate predictor at least ten patients with delirium were needed for the validation 
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Results

-
ing 952 patients were included in the validation data set with an ICU delirium incidence 

Figure 1

5352 patients admitted to the ICUs

2914 patients included for analyses

2438 patients excluded
• 1599 ICU stay <1 day
• 409 compliance rate of the CAM-ICU <80%
• 150 delirious at ICU admission
• 13 <18 years of age
• 39 other

Inability to reliably perform the CAM-ICU:
• 161 coma during entire ICU stay
• 31 unable to understand the language spoken
• 27 severly mentally disabled
• 6 serious receptive aphasia
• 3 serious auditory or visual disorders

952 patients included in
validation data set

1962 patients included in 
development data set
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Table 1 Patient characteristics

Variable Development
data set

Validation
data set

Whole study 
population

Age in years 61.7 60.6 61.3

Surgery

Trauma
Neurology/neurosurgery

LOS-ICU in days 2.0 2.0 2.0

CAM-ICU compliance and inter-rater reliability

-

development data set. This database was divided in groups based on the quartiles of the 
-

0+b1 -
ibration was not necessary. The slope of the model was 0.961 with an intercept of -0.094.
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Prediction of early and late development of delirium

-

E-PRE-DELIRIC model*

Variable

age 0.025

history of cognitive impairment 0.878

history of alcohol abuse 0.505

admission category: 
surgery 
medical 
trauma 
neurology/neurosurgery

RC
0.370
1.219
0.504

RC

urgent admission 0.612

-0.006

use of corticosteroids 0.283

respiratory failure 0.982

BUN at time of ICU admission 0.018

RC = reverence category
*Data development set

+ 0.878 for history of cognitive impairment
+ 0.505 for history of alcohol abuse
+ 0 for surgery or 0.370 for medical or 1.219 for trauma or 0.504 for neurology/neurosurgery
+ 0.612 for urgent admission

+ 0.283 for use of corticosteroids
+ 0.982 for respiratory failure
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Discussion

allowing early prediction of patients likely to develop delirium during ICU admission. Using 

patients for delirium risk for the complete ICU length of stay with a high discriminative 

-

the predictive accuracy of the model is higher for delirium that develops later compared 
to delirium that develops early following ICU admission. 

-

trials that aim to investigate preventive interventions. Our group previously reported the 

-

develop delirium should be determined to demonstrate that treatment groups are ade-

or labor-intensive can then be provided only to those patients with highest risk. In this way 

The predictors that build the E-PRE-DELIRIC-model are largely consistent with pre-

whole study period. 

for the development of a delirium prediction model which increases its generalizability. 
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therefore should be studied in future research.

-

are not collected in a standardized manner in daily practice. When health professionals 
need the information about these predictors to be able to use the E-PRE-DELIRIC model 

-

delirium at least two times daily and during the whole ICU length of stay. This increases 

-

was further improved by determination of compliance and inter-rater reliability in each 

-
LIRIC model will be used prospectively following ICU admission one may not be able to 

ICU the E-PRE-DELIRIC score will be calculated. Predictions for patients with an ICU LOS 

than one day. Therefore in future research it is recommended to include these patients 

should be taken into account that selection of candidate predictors in the E-PRE-DELIRIC 
-
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2therefore widely applicable and probably generalizable to other countries. ICUs should 

of the E-PRE-DELIRIC model in other centers to further improve its generalizability.

In conclusion, in this multinational study we developed and validated an early ICU delir-

those patients likely to develop delirium following ICU admission using only nine predic-
tors. The model allows early delirium preventive interventions in ICU patients with a high 
risk of delirium.

available at https://www.radboudumc.nl/Research/Organisationofresearch/Departments/
-

more the E-PRE-DELIRIC model will soon be integrated in the DeliriumICU app which makes 
it possible to use it bedside (http://itunes.apple.com/us/app/deliriumicu/id511306390 and  
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Online data supplement

e-Table 1 Characteristics of participating hospitals

Population
for adults
(annual 

The Netherlands_Nijmegenu 33 beds

The Netherlands_Utrechtu 32 beds

The Netherlands_Leeuwarden*
cardiothoracic surgery

20 beds

The Netherlands_Zwolle* 36 beds

The Netherlands_Den Bosch* 16 beds

Belgium_AntwerpU 45 beds

Germany_BerlinU 35 beds

U 16 beds

Sweden_StockholmU 13 beds

Australia_Brisbane* 25 beds

Australia_Canberra* 31 beds

15 beds

9 beds

UUniversity hospital
*
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 Collected potential predictors of delirium immediately after ICU admission and outcome 

Predictor Explanation Category

age in years at time of admission C

gender male/female D

history of cognitive impairment
cognitive impairment or delirium

D

history of nicotine abuse known medical history of nicotine abuse D

history of drug abuse known medical history of drug abuse D

history of alcohol abuse known medical history of alcohol abuse D

history of vascular disease
disease

D

at time of ICU admission according to C

diabetes diabetes mellitus D

 at time of 
ICU admission

in mmol/l C

use of opiates in the 24 hours 
before ICU admission

oral/iv/patches Cat.

use of anti-psychotics before ICU 
admission

anti-psychotics other than for delirium D

admission category
neurosurgical
(trauma including brain damage was 

Cat.

urgent admission unplanned intensive care admission D

at the time of ICU admission in mmHg C

proven or strong suspicion of infection for 
which antibiotics were started

D

use of corticosteroids D

respiratory failure non-elective mechanically ventilation or non- D
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 Continued

Outcome Explanation

delirium
and/or when a patient was treated with haloperidol or 
other anti-psychotics because of delirium. Treatment with 
anti-psychotics was considered indicative for delirium in 

in all participating centers haloperidol was only used to 

heavily agitated and therefore successfully treated with 

in these cases the patient was considered positive for 
delirium

C = continuous
D = dichotomous
Cat. = categorical

e-Supplement 1

-

-

missing there was no reason to assume the value was abnormal and they were therefore 
imputed as normal or absence of disease; where BUN was missing there was no reason 

Equations algorithm (package mice: 40 imputation sets were created using the default 

 
centre was included as a variable during multiple imputation.
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The model was developed using multiple logistic regression analysis on data of the 
-

tors of the E-PRE-DELIRIC model took place through manual backward selection of the 

-

Discriminative power was assessed using the area under the receiver operating char-

0+b1*LP.
To evaluate the predictive value of the E-PRE-DELIRIC model related to the moment 

quartiles of the time until the development of delirium at: day 0-1; day 2; day 3-6; >day 

were calculated.

Sample size calculation

candidate predictor at least ten patients with delirium were needed for the validation and 
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e-Table 3

CAM-ICU compliance Inter-rater reliability

The Netherlands_Nijmegen 81.7±1.5 0.81

The Netherlands_Utrecht 92.7±2.1 0.58

The Netherlands_Leeuwarden 92.1±5.2 0.88

The Netherlands_Zwolle 54.0±3.6 *

The Netherlands_Den Bosch 95.3±4.1 1.00

Belgium_Antwerp 78.0±7.0 #

Germany_Berlin 84.4±22.4 0.87

92.5±8.7 0.89

Sweden_Stockholm 88.3±10.7 0.87

Australia_Brisbane 78.3±19.3 0.29

Australia_Canberra 100 ^

60.8±1.0 0.79

87.0±6.3 0.87

#Not available

e-Figure 1 Calibration plot validation data set
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CHAPTER 3

External validation of two 
models to predict delirium 

in critically ill adults
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Abstract

Objectives: -
LIRIC model to predict delirium in critically ill patients. 

Design: 

Setting: 
Europe.

Patients: 
delirium could be assessed reliably.

Interventions: None.

Predictors of each model were collected; for E-PRE-DE-

Delirium Screening Checklist. Discrimination of both models was determined using the 

Conclusions: 
we showed that both the E-PRE-DELIRIC and PRE-DELIRIC statistically perform moder-
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Introduction

Clinical prediction models are increasingly being developed and used to predict the occur-

ICU delirium prediction models are currently available to predict patients’ risk to develop 

and the recalibrated PRE-DELIRIC model to predict delirium in ICU patients.
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Methods

This multinational prospective cohort study was conducted as part of the The DElirium 
prediCtIon in the intenSIve care unit: comparisON of two delirium prediction models 

patients were consecutively included and evaluated for up to three months (or until 300 

waived the need for informed consent.

Data were collected for each ICU day up to 14 days after ICU admission. Delirium was 
-

or when a patient received anti-psychotic medication for delirium treatment. Each patient 

Complete-case analysis was performed. No imputation techniques were used to 

-
dictor and delirium outcome values were used to quantify the predictive performance of 
both models. Discriminative power was assessed using the area under the receiver oper-

the Transparent Reporting of a multivariable prediction model for Individual Prognosis Or 
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Results

missing data on delirium diagnosis.

-

-

Figure 1 Calibration plot of E-PRE-DELIRIC and PRE-DELIRIC
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Table 1 Patient characteristics of both the present and original studies according to TRIPOD criteria

Variable External 
validation 

cohort

Original 

N.A.

N.A.

N.A.

Surgery

Trauma
Neurology/neurosurgery

N.A.

N.A.

N.A.

7.9 N.A. 7.5

N.A.

Coma:
1. 
2. 

3. 

N.A.

N.A.

N.A.

Cumulative use of morphine:
1. 0.01-7.1mg/day
2. 7.2-18.6mg/day
3. 18.7mg or more/day

N.A.

N.A.

8.0 N.A.

3.0 N.A. 2.0
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Discussion

Given that most prediction models show an optimistic performance in their development 

showing that both have a moderate-to-good statistical performance in a new and inde-

less present in PRE-DELIRIC due to the fact that this model was recalibrated previously 

performance; since data collection in 2008-2009 for de PRE-DELIRIC and 2011-2012 for 

in the current study with plots that were comparable to those in the original studies.
An important strength of this study is its multinational design and the fact that patients 

-
ent compared to those of the development study of E-PRE-DELIRIC. This resulted in an 
independent dataset and improves the generalizability. To prevent bias due to an over-

-
itations of the current study are present. One might argue that adjusting the ICU delirium 
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model. 

In conclusion
have moderate-to-good statistical performance in a new and independent sample of ICU 

focus on the improvement of ICU delirium prediction.

Acknowledgments
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Online data supplement

e-Appendix 1

Predictor Explanation Category

Age (years) In years at time of admission C

History of cognitive impairment
cognitive impairment or delirium (normal value 
= no history of cognitive impairment)

D

History of alcohol abuse
(normal value = no history of alcohol abuse)

D

Admission category 1. Surgical
2. 
3. Trauma 
4. Neurology/neurosurgical

Cat

Urgent admission Unplanned intensive care admission
(normal value = no urgent admission)

D

Mean arterial blood pressure 
(MAP in mmHg)

At the time of ICU admission C

Use of corticosteroids
time of ICU admission (normal value = no use of 
corticosteroids)

D

Non-elective mechanical ventilation or non-

(normal value = no respiratory failure)

D

(mmol/L) hours before ICU admission
(normal value at admission = 8 mmol/l)

C

C = continuous
D = dichotomous 
Cat. = categorical

italic font -
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Predictor Explanation Category
Age (years) In years at time of admission C
APACHE-II score (per point) Calculated 24 hours after ICU admission

(no normal value available (when APACHE-II is missing 
this patient will be excluded from analyses))

C

Coma
RASS -4/-5 for longer than 8 hours: 
                         OR

Riker SAS 1/2 for longer than 8 hours:
1. With use of medication
2. 

3. 
(normal value = no coma)

Cat

Admission category 1. Surgical
2. 
3. Trauma 
4. Neurology/neurosurgical

Cat

Infection Proven or strong suspicion of infection for which 
antibiotics were started
(normal value = no infection)

D

Metabolic acidosis 
(normal value = no metabolic acidosis)

D

Morphine use No morphine: no use of any morphine
Cumulative use of any form of morphine:
4. 0.01-7.1mg/day
5. 7.2-18.6mg/day
6. 18.7mg or more/day
NOTE: This only concerns morphine, no other opiates. 
(Do not use any converting formulas to calculate the 
morphine dose of other opiates).
(normal value = no use of morphine)

Cat

Sedative use
combination
(normal value = no use of sedatives)

D

Urgent admission Unplanned intensive care admission D

(mmol/L)
C

C = continuous  
D = dichotomous    
Cat. = categorical

italic font in the Table].
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e-Figure 1 Discriminative performance of E-PRE-DELIRIC and PRE-DELIRIC
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Delirium prediction in the 
intensive care unit: 
Comparison of two 

delirium prediction models
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Abstract

Background: -

compared the predictive performance and user convenience of the PRE-DELIRIC and 
E-PRE-DELIRIC models and determined the value of a two-stage calculation.

Methods: -
utive adults admitted to the ICU who could be reliably assessed for delirium with the 

The models’ predictive performance was measured using the Area under the Receiver 
Operating Characteristic curve. Calibration was assessed graphically. A physician question-

immediately after ICU admission and updated the prediction using PRE-DELIRIC after 24 
hours.

-

Conclusions: 

convenience of E-PRE-DELIRIC superior to PRE-DELIRIC. In low-risk patients the delirium 
prediction further improves after an update with the PRE-DELIRIC model after 24 hours.

Trial registration: ClinicalTrials.gov no. NCT02518646.
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Introduction

-

-

substantial health professional time and some medication-based strategies have high 
-

members can be informed and engaged to help provide strategies to reduce delirium 

Two delirium prediction models have been validated for use in critically ill adults admit-

It remains unclear which ICU delirium prediction model might be recommended for 
-

convenience of the PRE-DELIRIC and E-PRE-DELRIC -
mine the value of the use of both models in a two-stage calculation of patients’ risk for ICU 
delirium (i.e. the E-PRE-DELIRIC model immediately after ICU admission with an updated 

as opposed to variables at admission only tend to perform better in prediction models.



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 66PDF page: 66PDF page: 66PDF page: 66

PART 1 | Chapter 4

66

Methods

Design and Study population
The DElirium prediCtIon in the intenSIve care unit: comparisON of two delirium predic-

-

-

months or until data on 300 patients was collected.

Data collection
-

The presence of ICU delirium was evaluated at least every 12 hours by the trained 

was documented at the time each delirium assessment was completed. Delirium was 

patients were designated as unable to be assessed for delirium.
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was calculated. A delirium assessment compliance rate (i.e. delirium assessments docu-

day monthly in each ICU. If the Cohen’s kappa for the paired delirium assessments was 

considered to be reliable in that ICU. Prior to the study it was determined that centers 

separately.

Evaluation of the user convenience 
of the delirium prediction model 

that a physician provided consent for their data to be used. 

Statistical analysis 

Discriminative power of both models was assessed using the Area under the Receiv-

on the quartiles of the predicted probabilities for delirium development: very low (0.00-

-
ibration was assessed graphically by plotting the observed outcome frequencies against 

-

patients for delirium. The additional value of a two-stage calculation in low-risk patients 
was determined using the E-PRE-DELIRIC model to calculate a patient’s risk for delirium 

to update the prediction with the PRE-DELIRIC model to determine how many patients 



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 68PDF page: 68PDF page: 68PDF page: 68

PART 1 | Chapter 4

68

subsequently be labeled high risk for developing delirium using the PRE-DELIRIC score. 
Both risk calculations were compared to the patients’ delirium outcome. 

Test for non-parametric statistical testing of two dependent samples. 

against two-sided alternatives. Data were analyzed using SPSS® Statistics version 22 and 
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Results

-
ticipating ICU see e-Table 1.

Figure 1

Excluded (n=624)
• 289 Inability to reliably assess for delerium:
  • 181 Coma during entire ICU stay
  • 46 Unable to understand the language spoken
  • 46 Severely mentally disabled
  • 10 Serious receptive aphasia
  • 6 Serious auditory or visual disorders
• 162 Delirious at ICU admission
• 83 Other
• 76 Expected ICU stay <6 hours
• 14 Missing values predictors (E)-PRE-DELIRIC

2,178 patients included for analyses

2,802 patients screened for inclusion
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Table 1 Patient characteristics 

Variable Total cohort

Surgery

Trauma
Neurology/neurosurgery

16.7

18.4

4.5

3.0

Coma = RASS = -4 or -5 or Riker-SAS = 1 or 2

LOS-ICU = length of stay in the intensive care unit

Model performance

PRE-DELIRIC model. 
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AUROC E-PRE-DELIRIC and PRE-DELIRIC

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

E-PRE-DELIRIC
PRE-DELIRIC

Sensitivity Positive likelihood ratio

E-PRE-DELIRIC

90 35 1.4 0.3

63 63 1.7 0.6

44 77 1.9 0.6

10 95 2.0 0.9

PRE-DELIRIC

97 21 1.2 0.1

73 63 2.0 0.4

48 81 2.5 0.6

20 95 4.0 0.8

Two-stage calculation

58 71 2.0 0.6
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Figure 3 Calibration plot E-PRE-DELIRIC and PRE-DELIRIC
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Two-stage calculation

E-PRE-DELIRIC model and therefore were not deemed to be at high risk for delirium based 

User convenience

-

model and 11 with the PRE-DELIRIC model. None of the physicians used a prediction 
-

mented in the ICU where they work. Physicians perceived that the PRE-DELIRIC model 
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between the E-PRE-DELIRIC and PRE-DELIRIC model were perceived to be similar. (Table 

 Outcome user convenience questionnaire

Question Positive 

calculate a patient’s risk 4 45 16

Burden for the physician to collect data 
about the predictors to calculate a 
patient’s risk

3 42 20

Availability of predictors 11 50 4

predictors 5 56 4 p=1.00

the prediction model 2 62 1 p>0.5

Are you going to use the delirium 
prediction model in daily practice 9 55 1

^PRE-DELIRIC compared to E-PRE-DELIRIC: negative ranks mean number of ICU physicians who 
ties positive ranks mean number of ICU physicians 

who scored PRE-DELIRIC higher
*Null hypotheses were tested against two-sided alternatives

Quality check delirium assessment
The overall quality of delirium assessment and screening compliance were strong (see 

that did not fully meet all delirium assessment reliability criteria were removed from the 
-

analysis.
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Discussion

-
ative performance of two available ICU delirium prediction models [i.e. the E-PRE-DELIRIC 
model that estimates the risk for delirium at the time of ICU admission and the PRE-DE-

a moderate-to-good statistical performance. Although the predictive accuracy of the 
-

pared to the PRE-DELIRIC model. To allow for an optimal implementation of a delirium 

the E-PRE-DELIRIC model is likely the model that can be implemented most successfully 

24 hours in the ICU increases the model’s sensitivity to detect patients that will develop 

deprivation of delirium preventive measures in the false negative patients (i.e. the patients 

The routine use of delirium preventive measures in the ICU is widely endorsed given 

routine use of a delirium prediction model allows ICU clinicians to focus delirium preven-

admission; therefore an early ICU delirium prediction model is preferred. 
The performance of a prediction model outside the development sample determines 

-

Our study has important strengths. The use of a cohort design without strict eligibility 

applied in the vast majority of ICUs in the developed world. The proportion of ICU physi-
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the clinical performance of both delirium prediction models and the use of a prediction 

fourteen patients due to missing values on the predictors.
Several limitations are also present. It might be possible that the two delirium pre-

diction models evaluated might need to be updated in the future as new risk factors 
-

which of the new risk factors improve the models’ performance and should be used for 

strong a predictive accuracy is documented. This is particularly important in the case of 

administered for delirium treatment. While each ICU had similar delirium treatment pro-

who did not have delirium. 
It is well established that ICU clinicians’ predictions are less accurate than those of an 

most from early preventive measures and in the research setting to ensure that delirium 

by using the E-PRE-DELIRIC model in all ICU-admitted patients to predict patients’ risk for 
delirium immediately after ICU admission and to update the risk scores of the patients at 

to miss a patient that will develop delirium during ICU admission is further attenuated. 
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Conclusion

This study shows that both ICU delirium prediction models statistically perform mod-

to update their predicted risk scores using the PRE-DELIRIC model after 24 hours in ICU.
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Online data supplement

 e-Appendix 1 

By means of this questionnaire we want to determine your opinion about the user conve-
nience

Delirium prediction immediately after 
ICU admission

Delirium prediction within 24 hours after 
ICU admission

Admission category Admission category 

Urgent admission Urgent admission 

History of alcohol abuse Coma 

History of cognitive impairment Infection 

Mean arterial blood pressure Morphine use 

Sedative use 

Respiratory failure APACHE-II score (per point)

Metabolic acidosis (pH <7.35, with 
bicarbonate <24 mmol/L) 

1. 
 Intensivist 
 Intensivist trainee 

 Physician without specialization

2. 

Hospital:  ……………
Date:  ……………
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If yes
 implemented in daily practice
 use on occasion 

3. What do you think of the user convenience of both delirium prediction models, in terms of: 

Possible 
answers

data to calculate a patient’s risk Low

Neutral

High

Burden for the physician to collect 
data about the predictors to 
calculate a patient’s risk

Low

Neutral

High

Availability of predictors Never available

Unavailable

Neutral

Available

Always available

predictors

Neutral

Clear
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Reliability of the outcome 

model
Unreliable

Neutral

Reliable

Are you going to use the delirium 
prediction model in daily practice 

Not

Probably not

Neutral

Probably 

Sure 

Depends on this 
study

4. 

…………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………

Thank you for your response!.
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e-Table 1 Patient and hospital characteristics 

Variable Total 
cohort

University 
Medical 
Centre 
Utrecht 

Jeroen 
Bosch 
Ziekenhuis 

Antwerp 
University 
Hospital 

The 
Canberra 
Hospital 

Surgery

Trauma
Neurology/neurosurgery -

16.7 10.2 25.1 16.4 19.0

18.4 18.0 19.4 17.6 16.7

4.5 4.0 N.A. 6.0 4.0

Delirium assessment:
Tool
Number of assessments/
day 
Implementation

N.A.
2/day

2010

3/day

2009

ICDSC
3/day

2015-2016

3/day

2012

Number of beds
Yearly admission rate

N.A. 30 
2000

16
850

45
2800

31
2000

APACHE-II = the Acute Physiology and Chronic Health Evaluation score [12]
LOS-ICU = length of stay in the intensive care unit
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Medisch 
Spectrum 
Twente 

Hospital 
Espírito 
Santo 

Erasmus 
Medical 
Center 

Tufts 
Medical 
Center 

university 
medical 
center 

hospitalet 
Mt Sinai 
Hospital/U 
of Toronto 

-
-

30.4 48.7 12.7 18.8 10.4 29.8 10.7 

29.7 43.4 21.0 18.5 14.0 39.6 12.3 

6.5 6.4 5.9 3.4 N.A. N.A. 3.0

3/day

2013

2/day

2015

ICDSC
3/day

2012-2014

ICDSC
2/day

2005

3/day

2008

2-3/day

2012-2015

ICDSC
2/day

2010

18
900

5-6
200

30
1200-1300

30
3300

34
2500

40
2600

16
800-850
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# 

Center Inter-rater 
reliability

CAM-ICU or ICDSC 
compliance

1 0.50 82

20 1.00 100

40 * 89

50 0.69 74

60 0.60 100

80 1.00 86

90 1.00 95

0.84 85

0.60 91

1.00 87

* *

*Not available
#

according to the description in the method section 
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e-Table 3 Outcome user convenience questionnaire for ICU physicians

Question Score

to collect data to 
calculate a patient’s risk

4.5 6.2

Low 37.9 27.7

Neutral 40.9 40.0

High 15.2 20.0

1.5 6.2

Burden for the 
physician to collect data 
about the predictors to 
calculate a patient’s risk

1.5 1.5

Low 36.4 24.6

Neutral 37.9 36.9

High 21.2 29.2

3.0 7.7

Availability of predictors Never available 3.0 6.2

Unavailable 1.5 6.2

Neutral 24.2 23.1

Available 59.1 58.5

Always available 12.1 6.2

Clearness of the 

predictors

1.5 1.5

3.0 1.5

Neutral 18.2 21.5

Clear 69.7 67.7

7.6 7.7

Reliability of the 
outcome (predicted 

model

1.5 1.5

Unreliable 1.5 3.1

Neutral 68.2 69.2

Reliable 27.3 23.1

1.5 3.1

Are you going to use 
the delirium prediction 
model in daily practice 

Not 6.1 12.3

Probably not 31.8 30.8

Neutral 22.7 24.6

Probably 24.2 18.5

Sure 9.1 7.7

Depends on this study 6.1 6.2
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Non-pharmacological 
prevention of 
delirium in 
ICU patients
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UNDERPIN-ICU study group; Lisette Schoonhoven; Peter Pickkers

UNDERPIN-ICU study group: Albertus Beishuizen; 

CHAPTER 5

Determination of the 
feasibility of a multicomponent 

intervention program to 
prevent delirium in the 

intensive care unit:
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Abstract

Background: 
with poor outcome. In non-ICU patients a multicomponent intervention program with 

-

the feasibility of the program in ICU patients needs to be assessed before investigating 

Objectives: -
sibility and completeness of the multicomponent intervention program for ICU patients.

Methods: 

calculated to determine the level of agreement.

-

Conclusions: During this study a feasible multicomponent intervention program to 

-
nitive training in the ICU.
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Introduction

-

-

program on delirium in ICU patients.

-

-
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Methods

-
sibility rating and ranking of the interventions. A panel meeting was not part of this study 

of an intervention protocol. The review mostly included studies conducted in non-ICU 

-

impairment was included if it was considered feasible to be carried out by an ICU nurse. 
Interventions aimed at dehydration and feeding were not included as these items are 

used.

Participants

members were: membership of a delirium working group in their ICU and/or having special 
-

as a delirium researcher; appropriate knowledge about nursing interventions. One inde-

-

non-participating hospital were invited to participate in the Delphi study. Also two senior 



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 93PDF page: 93PDF page: 93PDF page: 93

93

5

Data collection 

save answers and complete the questionnaire at a later time if necessary. To optimize 

-

about both the completeness and feasibility was used in the decision making process on 

-
mation paragraph per delirium risk factor was described. This paragraph included the 

asked to rank the interventions that were part of that risk factor in order of importance 

Ethical considerations
This study was evaluated by the medical research ethics committee Arnhem-Nijmegen 

the completed questionnaire. This study was conducted according to the principles of the 

data complied with the Dutch Personal Data Protection Act. 
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Data analysis
-

-

The number of points for an intervention rated on rank two was identical to the number 

ultimately resulted in the ranking of the interventions per risk factor.
This ranking was used as additional information in the process of determining whether 

-



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 95PDF page: 95PDF page: 95PDF page: 95

95

5

Validity and reliability
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Results

-

Table 1 Participants characteristics 

Characteristics Delphi round 1

42 ± 7.7 41 ± 7.7

Higher professional education 
Academic level 

ICU nurse 
Physical therapist 
Intensivist 
Delirium researcher 
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Interventions as part of the risk factor Panel median# Panel median#

Ensure use of visual aids when awake
Provide adapted material
Ensure hearing aids are functioning
Ensure use of hearing aids when awake
Resolve any reversible cause 
Use special communication techniques

Ensure visual aids are clean
Approach patient from good vision side
Prevent dehydration cornea
Extra attention verbal communication
Ask family to bring hearing aids,     
batteries and instructions
Speak clear, limit background noise
Approach patient from good hearing side

-
-
-
-
-
-

-
-

-

Sleep deprivation 
Noise reduction strategies
Avoiding procedures during sleep time
Reduction of ICU lights
Using earplugs

Ask family what patient does at home to 
promote sleep
Discouraging daytime sleep
Strive to use sedation as less as possible

Be cautious with use of sleep medication

Provide clear day structure

-
-
-

-

-

Place information board for patient
Provision of clock and calendar in room 
Presence of familiar object in room

Discuss with family which name to use to 
call the patient
Provide appropriate lightning
Ensure appropriate use of glasses 
Ensure patient is provided with information
Stimulate patient’s orientation

Provide continuity of nurses 
Compile poster with information about patient

-
-

-
-
-
-

-
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 Continued

Interventions as part of the risk factor Panel median# Panel median#

Digit span 
Digit game 

Symbol searching 
Digit cancellation task 
Blocks task 

Bells test 
Picture guess 

Immobility 
Optimize patients’ sedation
Physical therapy at least once daily
Physical therapy dependent on tolerance 

patients to mobilize
Promote and facilitate mobilization
Reduce pain and fear as hampering factor
Set and register clear goals per patient

-
-

-

# -

*The panel median and DI per delirium risk factor
Italic interventions are new interventions added based on the results of Delphi round 1 and therefore 

Delphi round one

Also eight new interventions were added. Seven of the interventions that were part of 

three new interventions were added. Of the interventions that were part of the risk factor 
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Figure 1 

-

Delphi round two

round two. See Table 3 for the ranking of the interventions. Two interventions ‘Resolve 
any reversible cause’ and ‘Provide continuity nurses’ were removed from the intervention 

‘uncertain’. Reasons for scoring cognitive training as ‘uncertain’ or ‘not feasible’ were: too 
-

program after Delphi round two.
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Table 3 Ranking of the interventions

Total score

Visual and hearing impairment 
1. Ensure use of visual aids when awake
2. 
3. 
4. Ensure use of hearing aids when awake
5. Ensure hearing aids are functioning
6. Prevent dehydration cornea
7. Ensure visual aids are clean
8. 
9. Approach patient from good vision side
10. Use special communication techniques
11. Approach patient from good hearing side
12. 
13. Provide adapted material
14. Resolve any reversible cause 

222
201
190
185
171
155
140
131
125
118
114
102

78
47

Sleep deprivation 
1. Reduction of ICU lights
2. 
3. Provide clear day structure
4. 
5. Discouraging daytime sleep
6. Strive to use sedation as less as possible
7. Using earplugs
8. Be cautious with use of sleep medication
9. Ask family what patient does at home to promote sleep
10. 
11. 

175
172
135
124
118
114

98
88
84
72
71

Cognitive impairment (orientation protocol)
1. 
2. Provision of clock and calendar in room
3. Stimulate patient’s orientation
4. Provide appropriate lightning
5. Ensure patient is provided with information
6. Place information board for patient
7. Provide continuity nurses 
8. Ensure appropriate use of glasses 
9. Discuss with family which name to use to call the patient
10. 
11. Presence of familiar object in room
12. Compile poster with information about patient

197
161
138
135
121
116
114
111
110

99
97
85
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Table 3 Continued

Total score

Cognitive impairment (cognitive training)
1. Digit span 
2. 
3. Symbol searching 
4. Digit game 
5. 
6. 
7. Picture guess
8. Digit cancellation task 
9. 
10. Blocks task 
11. Bells test

142
135
128
121
119
113
113
108

94
92
87

Immobility
1. Optimize patients’ sedation
2. Reduce pain and fear as hampering factor
3. Physical therapy dependent on tolerance
4. Physical therapy at least once daily
5. Set and register clear goals per patient
6. Promote and facilitate mobilization
7. 

159
149
143
139

91
85
70
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Discussion

-

the cognitive training interventions scored ‘uncertain’ meaning no consensus was reached 

-

training in their clinical practice. Because of the necessity of consensus before adding 

interventions in clinical practice which allows a proper decision to be made about whether 

cognitive training combined with physical therapy is feasible and safe for the rehabilitation 

In view of the high delirium incidence and the serious consequences related to delir-

delirium free days in the ICU. 

-

by the implementation of a non-pharmacological protocol targeted mostly the same risk 



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 103PDF page: 103PDF page: 103PDF page: 103

103

5

-

-

implementation of the interventions. 

Strengths and limitations
-

will be implemented during the future UNDERPIN-ICU study. This was important for the 

regard to the generalizability of the results it should be taken into account that our sample 
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Conclusion

Delphi study represents an essential step towards future research consisting of a stepped 

None declared.

Funding
This study was not funded.
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Online data supplement

e-Appendix 1 Intervention program after Delphi round two

visual and hearing impairment.

1 Visual and hearing impairment
This protocol aims to prevent or treat sensory deprivation and ultimately the loss of ori-
entation. The intervention will consist of:

and what types of visual or hearing aids the patient is using. 
Notes added to the intervention: whenever an electronic patient data management system is 
available a reminder should be built in to make sure visual and hearing impairment is discussed 
during the admission interview and the patient’s family is asked to bring any visual or hearing 

 protocol:
A. Ensure that the patients use their visual aids whenever they are awake.

Notes added to the intervention: in case a patients wants to 
use contact lenses the patient should be able to insert and remove the lenses by themselves. 
Pay attention to pressure spots due to glasses during repositioning.

B. Ensure that visual aids are clean before use.
C. Approach the patient from the side at which he or she has good vision.
D. -

.
E. Prevent dehydration of the cornea during sedation.

Hearing protocol:
G. 

H. Ensure that the hearing aids are fully functional before use. 
I. 

the hearing aids in consultation with the patient during the night or moments of rest.
Notes added to the intervention: pay attention to pressure spots due to the hearing aids 
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during repositioning.
J. Speak clear and limit background noise.

Approach the patient from the side at which he or she has good hearing. 
L. 

Aim: to minimize/avoid sleep deprivation.

A. 
1. -

boundaries of the mechanical ventilator or monitor within safe levels.
Notes added to the intervention: close doors of the patient’s room or other rooms like 

2. 
patient’s medical condition.
Notes added to the intervention: use a schedule to make adjustments to allow sleep. 
These adjustments include a rescheduling of medication rounds (adjustment of the 
default time for medication gifts), blood draws, scheduling vital signs measurement 
(minimize use of non invasive blood pressure measurements) and bundling of neces-
sary nursing activities. 

B. 

or lamellae. 
C. 

D. 

Notes added to the intervention: ask the patient’s family for help and advice regarding the 
patient’s music preference and if necessary to bring any devices.

E. Ask the patient/family what the patient does at home to promote sleep and whenever 

Notes added to the intervention: for example, read to the patient (by nurse, family or audio 
book), or when the patient has particular sleep objects, such as a certain pillow provide 
these. Keep hygiene rules in mind. You can ask this question during the admission interview. 
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sleep mediation.
Notes added to the intervention: the ward protocol provides information regarding the 
choice of sleep medication, for example do not use sedation like midazolam or propofol, 
and the time of administration.

G. 
attention for the reduction of light and noise during the night. 

H. Provide a clear day structure by compiling a personal day program for the patient.
I. 

Notes added to the intervention: whenever necessary a short rest moment can be planned 
in a personal day program.

J. 

-

Notes added to the intervention: in case the patient is having a RASS score outside the target 

3 Cognitive impairment
Aim: 
decline.

Orientation protocol:
A. 

Notes added to the intervention: the day schedule is compiled using key words and symbols 
for activities like mobilization, sleeping, visiting hours. 

B. 
Notes added to the intervention: it is important to keep track of whether the clock is working 
and the time and date are correct.

C. 

Notes added to the intervention: if necessary let the family bring visual or auditory media 
from home (labeled with a name). It is important to follow the hygiene rules and have 
availability of WIFI. 
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D. 

Notes added to the intervention: provide wide visiting hours. Important is to inform the 

who may visit the patient and how many and how long visitors are allowed. Translate the 

E. 

Notes added to the intervention: this subject might be part of the admission interview and 

To get to know the patient his/her family and nurse compile a poster containing 

to the patient. 
G. -

stay in the rooms with most daylight. 
Notes added to the intervention: during the day time bright light, in the course of the evening 
dim the light and during the night as dark as possible. Decisive in the possibilities to be able 

H. 
I. Ensure daily during the day shift that the patient is provided with simple and short 

-

Notes added to the intervention: it is important to provide uniform information (registered 

Based on their own discretion nurses can repeat the information.

At least every shift:
J. 

answer the patient’s questions and discuss the patient’s concerns whenever neces-
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Preliminary cognition training protocol:
Aim: to minimize/avoid cognitive decline.

Digit span: to train attention and short term memory 

Symbol searching: to train speed of information processing using visual perception 
and selective attention
Digit cancellation task: to train selective attention and visual perception

Bells test: to train selective attention
Picture guess: to train reasoning and working memory

Aim: to improve patients’ functional mobility in the ICU and to stimulate patients’ cognition.
 
A. 

Notes added to the intervention: for this stimulation of the day- and night rhythm is import-
ant. 

B. -
quate analgesia and proper guidance of the patient.

C. Physical therapy or mobilization supported by nurses should be performed at least 

Notes added to the intervention: whenever possible more often.
D. 
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that encourage increased independence with functional tasks (e.g. sit-to-stand trans-

E. 

Notes added to the intervention: the physical therapist plays a stimulating and informing 
role in this.
To promote and facilitate mobilization: the location of central lines and tubes should 

-

Notes added to the intervention: presence of family is stimulated. 
G. Per patient clear goals targeting mobilization are set and registered in the patient’s 

the right timing of physical therapy regarding sedation and the day program.
Notes added to the intervention: it should be known what mobilization is allowed and/or 
if the patient needs any devices for security reasons like a collar, corset or plaster helmet. 
Whenever possible the patient is informed about this and receives the necessary instructions.
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cognitive training in critically ill patients: a pilot 

medicine and rehabilitation for patients with 
acute respiratory failure: a quality improvement 

42.

critically ill patients: a randomised controlled trial. 

-

early cognitive and physical rehabilitation pro-
gram for people who are critically ill: the activity 
and cognitive therapy in the intensive care unit 
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CHAPTER 6

Feasibility of cognitive training 
in critically ill patients:

 A pilot study



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 116PDF page: 116PDF page: 116PDF page: 116

PART 2 | Chapter 6

116

Abstract

Background: Delirium occurs frequently in the intensive care unit and is associated with 
-

intensive care units.

Objectives: 

Methods: 

:

was median 4.5 [interquartile range; 3.0-5.0] minutes.

Conclusion: 
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Introduction

-

prevent ICU delirium is paramount. 

-

critically ill patients and the nurses caring for them.
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Methods

Design and study population

2015. Patients admitted to the ICU of a large university medical center in the Nether-

-2 to +1. Patients were approached for consent when they were in a stable respiratory 

or visual disorders.

Ethical considerations

-

and gave their verbal or nonverbal consent before participation.

Sampling

the anticipated daily practice. We intended to include at least 2 delirious and 2 patients 

with equal distribution of delirious and nondelirious ICU patients to enable a reliable 
conclusion. The sample size of the second round was based on the same assumption.

Data collection and procedures

-
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-

evaluated by having patients and nurses use a 5-point Likert scale to answer questions 

-

Cognitive training exercises 
The preliminary cognition training protocol was compiled by a multidisciplinary team of 

-

-
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Testing procedures

-

with the patients. 

-
cise was tailored to the patients’ limitations (e.g. patients receiving mechanical ventilation 

-

evaluation took between 10 and 15 minutes.

Table 1

Exercise Targeted cognitive function

Digit span Attention and working memory 

Digit game

Symbol searching Speed of information processing using visual perception and 
selective attention

Digit cancellation task Selective attention and visual perception

Blocks task

Daily life memory

Working memory and attention

Bells test Selective attention and visual perception

Picture guess Reasoning and working memory

Selective attention and working memory 
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Data analysis

including preparation; and questions regarding practicability and burden requiring 
responses on a 5-point Likert scale were analyzed using descriptive statistics. It was 

Continuous and normally distributed variables are described as mean and standard 
deviation. Non-normally distributed data are given as median and interquartile range 

-

-
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Results

analysis and replaced: a patient fell asleep within 30 seconds and was therefore unable to 

high mental burdening due to her sickness. 

-

Participant characteristics 

ICU patients

69 ± 10 68 ± 10

Surgical

Trauma

PRE-DELIRIC score 
25 ± 17
28 ± 14

20 ± 16
28 ± 13

RASS -2
RASS -1
RASS 0
RASS +1

6 [2-18] 5 [2-9]

ICU-nurses

37 ± 11

Yes > 10 years
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Execution of cognitive training exercises by researchers

Patients’ experiences

-

Execution of the cognitive training exercises by the attending ICU nurse

Patients’ experiences

A comparison was made between the rates given by delirious and nondelirious patients 
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Table 3

Training

ICU patient ICU patient ICU nurse

Digit span 4.0 [3.3-4.8] 4.0 [4.0-4.0] 5.0 [3.0-5.0] 4.0 [2.5-4.0]

Digit game 4.0 [1.0-4.0] 4.0 [2.3-4.8] 4.0 [3.0-4.0] 4.3 [3.6-4.9]

4.5 [4.0-5.0] 4.5 [3.6-5.0] 4.5 [4.0-5.0] 4.3 [3.3-4.9]

Symbol searching 3.0 [2.0-4.8] 4.3 [4.0-4.9] Excluded after round 1

Digit cancelation task 3.0 [2.3-4.5] 4.0 [3.1-5.0] Excluded after round 1

Blocks task 4.5 [4.0-4.5] 4.5 [3.5-5.0] 4.0 [4.0-4.0] 4.0 [2.3-4.3]

3.0 [1.5-3.8] 4.3 [3.6-4.0] Excluded after round 1

5.0 [4.0-5.0] 4.0 [3.5-5.0] 4.5 [3.5-5.0] 4.0 [3.0-5.0]

Bells test 4.5 [2.5-5.0] 4.8 [4.1-5.0] 3.3 [2.1-3.8] 3.8 [3.1-4.0]

Picture guess 2.5 [1.3-4.5] 3.5 [2.3-4.8] Excluded after round 1

3.5 [2.3-4.8] 3.5 [2.5-3.5] 5.0 [4.0-5.0] 3.5 [2.0-4.3]

Practicability and burdening were scored using 5-point Likert scale questions: 

burdensome 

Before training During training After training

83 [75-98] 88 [74-101] 84 [76-99]

87 ± 15 88 ± 15 87 ± 16

23 ± 6 23 ± 6 22 ± 6

98 ± 2 98 ± 2 97 ± 2
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Delirious p-value Delirious p-value
1 3/5 [1-4] 4/5 [3-5] 5/5 [4-5] 4/5 [4-5] 0.87

Burdening1 2/5 [1-4] 5/5 [3-5] 0.01 4/5 [2-5] 4/5 [4-5] 0.40
1 2/5 [1-4] 5/5 [3-5] 4/5 [2-5] 4/5 [4-5] 0.29

Clarity2 4/5 [4-5] 5/5 [5-5] 0.09 4/5 [4-5] 5/5 [4-5] 0.32
2 4/5 [4-5] 4/5 [4-4] 0.69 4/5 [3-4] 3/5 [3-4] 0.98

General appreciation3 7/10 [7-8] 7/10 [6-8] 0.70 7/10 [7-8] 8/10 [7-9] 0.17

Items were scored using 5 or 10-point Likert scale questions:
1 

2 

3 
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Discussion

cognitive training is feasible even in cooperative delirious patients. We believe that it is 

It is generally assumed that preventing delirium and reducing delirium duration in the 
ICU are relevant for clinical ICU practice to avoid the negative consequences related to 

-

and after critical illness.
-

with ICU patients by their loved ones. This arrangement is valuable not only because the 

-

ones and enables the ICU nurses to invest their time in other components of patient care.
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Strengths and limitations
This study was designed and conducted as a pilot study and was focused on several 

-

The results of this study should be interpreted in view of some limitations. Patients 
-
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Conclusion

We showed that the use of cognitive training aimed at the minimization of cognitive decline 

intervention program including cognitive training.
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Online data supplement

e-Appendix 1 

Digit span

The patient is asked to point to the right combination.

The patient may point or tilt his head when the nurse points at the right answer. When 
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Digit game:
memory.

The patient is shown the digits below on a separate card:
1  2  3 
4  5  6 
7  8  9
 

 
 

Memory task: 

at Sunday
 
Variation: 

order.
Challenge: Use the Alphabet.

order.
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Blocks test:
memory.

after which the patient is asked to repeat the route that was shown.

time: 3 minutes.

Easy: 1 to 4 blocks. 
Challenge: 5 blocks or more/reverse order. 

Executive functioning -
tioning.

Easy task:

Challenge task: Calculating change. 
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Bell’s test:  

Use the card below: Ask the patient to point out the bells. 
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Answers for the attending nurse

1 Sign U turn misses on the right
Orange sign: RELOAD vs DETOUR
Yellow sign in the middle
Triangle sign: driver vs car
Round white/black sign: Right car is upside down

2 Red hair elastic between ears

Ranks in prizes 1-1 vs 1-2
Grey stripes on the bottom prize
Hair lash between the ears

3 Heart left below
Jewelry in left ear woman
Woman: Eyebrow misses
Bunch of hear misses on the left side of the man
Wrinkle in forehead man 

4 Water drops left

Black band on swimming gear
Stripe through left leg
Stripe right above
Thumb misses
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Therapeutic-activities protocol
Aim: targeting the maintenance of cognitive function

Practicability: 

Open questions for the ICU patient and for the ICU nurse to assess their opinion 
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Burden:

as burdensome. 

Open questions for the ICU patient and for the ICU nurse to assess their opinion 

Registration of vital signs direct before and after provision of the cognitive training 



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 142PDF page: 142PDF page: 142PDF page: 142

PART 2 | Chapter 6

142

e-Appendix 3 Evaluation form

Exercise

Date/time Age Sex Time 
admitted to 
the ICU

Ward CAM-
ICU 
score 

Patient 
number

Admission type Surgical / Medical / Trauma
Ventilator

Yes:  - Invasive
Canulated
Speachvalve

Way of 
communication

Open 
questions 
possible?

Other info

Sex
M F Yes

years
<10 
years

>10 
years

Other info
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Burdening:

Questions to the nurse 

………………

Yes/No

Time it took to explain the exercise to the  

- 

Very much Somewhat
1 3

- 

Very much Somewhat
1 3
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- 

Very much Somewhat
1 3

- 

- 

Execution:

Open questions for the attending nurse: 

Practicability:
- 
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- 

Somewhat Very much
1 3

- 

Somewhat Very much
1 3

- 

Very much Somewhat
1 3
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General questions for the patient about the cognitive training exercise:
- 

- 

Burden:

Open questions for the patient:

- 

Very much Somewhat
1 3

- 

Very much Somewhat
1 3
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- 

Somewhat Very much
1 3

Practicability: 

Open questions for the patient: 

- 

- 

Somewhat Very much
1 3
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- 

Very much Somewhat
1 3

Symbol searching:
selective attention.

The patient receives a card which contains multiple pairs of symbols. The patient should 

The patient may point out or vocally identify the right combinations. When deemed infea-
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Digit cancelation task: 

Easy combinations of two digits.

reversed order.
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First and second names: 

are asked to remember for several minutes.
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Patient chart
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Picture guess: 
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CHAPTER 7

The impact of nUrsiNg DEliRium 
Preventive INterventions 
in the Intensive Care Unit 
(UNDERPIN-ICU): A study 

protocol for a multicentre, 
stepped wedge randomized 

controlled trial
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Abstract

Background: 

-
tion of delirium is imperative. This study focuses on a program of standardized nursing 

Objective:
-

Design and Setting: A multicenter stepped wedge cluster randomized controlled trial.

Methods: Eight to ten Dutch ICUs will implement the UNDERPIN-ICU program in a ran-
domized order. Every two months the UNDERPIN-ICU program will be implemented in an 

Participants:

is not possible.

Discussion:

-
tion. Recent small studies using multicomponent interventions to prevent delirium in ICU 

using a stepped wedge design. 

Trial registration: The study is registered in the clinical trial registry: https://clinicaltrials.gov/.
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Introduction

short- and long-term consequences for ICU patients. Delirium is associated with pro-

-

-

-

With use of such a delirium prediction model it has been shown that prophylactic pharma-

-

delirium and its deleterious consequences.

intervention targeting several risk factors represents a promising strategy for delirium 
-
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-

During this current study we will implement a multicomponent program includ-
ing non-pharmacological nursing and physical therapy interventions aimed at delirium 

-

Objectives
-

gram on the number of delirium-coma-free days in 28 days. 

The secondary objectives are threefold: 
program on: delirium incidence; the number of days of survival in 28 and 90 days; deliri-

-
fectiveness of the UNDERPIN-ICU program.
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Methods

Study design and setting
This study will be conducted using a multicenter stepped wedge cluster randomized con-

selected based on their membership of the Dutch ICU Delirium Consortium as well as their 
commitment to improve their quality of care regarding ICU delirium. At baseline all ICUs 
will simultaneously start with the control period. The order in which an ICU will move to 
the intervention period will be randomized. Every two months the UNDERPIN-ICU program 

will participate for the entire study period. We chose this design since implementation of 

result in contamination between patients in the intervention group and patients in the 
-

gram including risk for a false-negative outcome. 

Figure 1
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Eligibility criteria for patients

if reliable assessment for delirium is not possible due to: sustained coma during complete 

auditory or visual disorders; inability to understand Dutch; severely mentally disabled; 
serious receptive aphasia. 

Interventions 
The UNDERPIN-ICU program consists of interventions tailored for ICU patients focusing 

 to minimize/

functional mobility in the ICU and to stimulate patients’ cognition. These interventions 

Outcomes
The primary outcome of the study is the number of delirium-coma-free days in 28 days. 
Secondary outcomes are: delirium incidence; the number of days of survival in 28 and 90 

Participant timeline
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All primary and secondary parameters collected during this study are already routinely 
registered in the participating ICUs. During the two-month training period of the UNDER-

 Participant timeline

ICU Admission
Screening in-/

exclusion criteria

Screening
E-PRE-DELIRIC Excluded

Admission data
Questionnaire:

SF36/CFQ

Before implementation
Standard ICU care

After implementation
Standard ICU care

including UNDERPIN-
ICU program

ICU Discharge
ICU data

Follow up
LOS ICU/Survival
2x Questionnaire
(90 and 365 days):

SF36/CFQ

<35%

35%
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Sample size

-

All patients admitted to the ICU will be screened for their risk for delirium as part of 
standard care. Patients at high risk for delirium will be included in the study as soon as 
possible after ICU admission. Due to the relative early onset of delirium after ICU admis-
sion the UNDERPIN-ICU program needs to be started as quickly as possible to optimize 

Assignment of interventions
The UNDERPIN-ICU program used in this study will become standard treatment in all 

on cluster randomization. This means that the moment of implementation of the UNDER-

every participating ICU will implement the program.
Randomization will be performed at the start of the study. By nature of the interven-

Data collection and management
The start of data collection for this study is planned for January 2017.

Delirium diagnosis
Patients will be diagnosed as delirious when they have at least one positive delirium 
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Delirium-coma-free days in 28 days

Survival days in 28 and 90 days

Time to successful extubation
This is the registered time in hours that the patient is on the mechanical ventilator before 

-
lation will be registered.

Incidence of re-intubation

for re-intubation.

Incidence of ICU re-admission

Incidence of unplanned removal of tubes/catheters
Incidents in which patients remove their tube or catheter themselves will be counted as 
incident cases for unplanned removal. The period in which this is measured is during 
patients’ ICU stay or during the period when the patient is delirious (in case a patient is 

Incidence of physical restraints
-

ICU- and hospital length of stay
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Quality of Life (QoL) and cognitive function of ICU patients

-

-

months after admission and one year after admission. When the patient at admission is 
-

Exploratory analysis

A process evaluation will be performed to determine the relation between both the com-

-
tions will be collected by performing real time observations of the activities of the ICU 

will be used to determine both the baseline standard of care per ICU during the control 
period and the adherence of the ICU nurses to the interventions during the intervention 

Since costs for patients scoring positive for delirium are higher compared to non-de-

standard cost-prices will be determined using the Dutch guideline completed by real cost 
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Data management

a secured website to which all participating ICUs need to log in with a unique password 
to add data of their subjects’ study parameters. Data handling will comply with the Dutch 

Participating ICUs only have access to their own data. The key to the login codes will be 
safeguarded by the investigator. 

Statistical analyses 

rely on the robustness of regression analysis against non-normality that occurs for large 

-

Statistics or SAS software.

Primary study parameter
The main analysis is the comparison of delirium-free days without coma between the 
intervention and control groups. 

Secondary study parameters 
The data of the secondary study parameters will be presented quantitatively and com-
pared between intervention and control groups. 
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Exploratory analysis 
-

-

by compliance to the interventions between the intervention and control group. Also 

UNDERPIN-ICU program.

Monitoring 

ICUs will be monitored before as well as after implementation of the UNDERPIN-ICU pro-
gram. A random patient sample will be checked regarding the eligibility for inclusion and 

measures will be performed.

Harms

Auditing
Compliance to the UNDERPIN-ICU program will be measured by performing observations 
and the use of registration lists for both ICU nurses as well as participating observations 
and measurements using electronically supportive devices.
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Ethics
This study will be conducted according to the principles of the Declaration of Helsinki 

comply with the Dutch Personal Data Protection Act. This study has been approved by the 

about the study. 

Access to data
All investigators have access to their local trial data during the study period. After termi-

for future research. 

Ancillary and post trail care
Since the participating ICUs will adjust their standard care to include the UNDERPIN-ICU 

receive any compensation. 

Dissemination policy

-
ably trough open access. Authorship will comply with the recognized ethical standards 

-

participating centers.
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Discussion

Prevention of delirium in the ICU is very important as delirium is a common disorder in 
-

implement the UNDERPIN-ICU (nUrsiNg DEliRium Preventive INterventions in the Inten-

UNDERPIN-ICU program and indicates higher quality than results from non-randomized 

phased implementation resulting in a decreased risk for contamination between study 
-

during both a Delphi study and a pilot study the UNDERPIN-ICU program was tailored to 

Nowadays an important aspect regarding a newly developed intervention program 

-

analysis of this study.
There are also some limitations that need to be addressed. As we will implement the 

-
tion will not be clear from the primary study results. Therefore we will perform a process 

-
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the fact that this study will be conducted in multiple Dutch ICUs from both academic 

we believe that the main conclusions of our study will be generally valid. 
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CHAPTER 8

Development and validation 
of an abbreviated questionnaire 

to easily measure cognitive 
failure in ICU survivors: 

A multicenter study
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Abstract

Objectives: -
tionnaire that can be used by patients as part of self assessment to measure functional 
cognitive outcome in ICU survivors.

Design: A retrospective multicenter observational study.

Setting: The ICUs of two Dutch university hospitals.

Patients: Adult ICU survivors. 

Interventions: None.

Measurements and main results: Cognitive functioning was evaluated between 12 and 

Conclusions: -
nitive failure in ICU survivors as this questionnaire has a similar performance as the full 
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Introduction

emphasis from preventing immediate mortality to reducing long-term impact of critical illness 

impairment following critical illness require further recognition and action of both clinicians 

toward meeting the needs of ICU survivors and their families.

-

most frequently used and most comprehensive measure in terms of covered domains of 

questionnaire to identify ICU survivors’ perception of their cognitive function.

a thorough measurement of the presence and consequences of PICS. In earlier studies 

ICU survivors will possibly less burden the survivors as well as increase the response rates 

functional cognitive outcome in ICU survivors.
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Materials and methods

Design and Study population
This study was a retrospective study using the data of two prospective cohort studies 

self-reported cognitive problems in survivors of critical illness carried out in two university 

-

-

acute neurologic illness such as stroke or subarachnoid hemorrhage or another condition 

This study was conducted in accordance with the applicable rules as described in the 

-

Data collection

questionnaire has shown satisfactory psychometric qualities based on both a high test-re-

to measure persons’ cognitive functioning based on their proneness to everyday cognitive 
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Statistical analysis 

Development of the abbreviated CFQ

-
tionalized as follows: we performed linear regression on the data with forward selection 

coverage of the dimension structure. This analysis ultimately resulted in an abbreviated 

Validation of the abbreviated CFQ
-

Altman plot.
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null hypotheses were tested against two-sided alternatives.



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 181PDF page: 181PDF page: 181PDF page: 181

Development and validation of an abbreviated questionnaire to easily measure cognitive failure in ICU survivors

181

8

Results

Table 1 Characteristics of the study population

Variables Hospital A Hospital B P

Surgical

 Trauma
Neurological/-surgical

0

1 [1-2]
7 [5-13]

5 [3-9]
21 [13-36]

Development of the abbreviated CFQ

questionnaire item 18 which belonged to dimension memory. Inclusion of item 18 would 
have resulted in an overrepresentation of the dimension memory compared with the 

was not considered to be clinically relevant.
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Model

1 0.748 0.560

5 0.942 0.886

10 0.974 0.949

11 0.978 0.957

12 0.981 0.963

13 0.984 0.969

14 0.987 0.973

15 0.989 0.978

16 0.990 0.980
#

# Items in order of forward selection

Validation of the abbreviated CFQ

Table 3

CFQ dimension 
structure of 

Distribution of the CFQ- Distribution Proportion

6 12 16 17 8/26=31 6, 12, 16, 17 4/14=29

2  3 15 21 22 9/26=35 2, 3, 15, 21, 22 5/14=36

9 10 14 24 7/26=27 9, 10, 14, 24 4/14=29

7 en 20 2/26=8 7 1/14=7

˜The items of the 14-item model are displayed in fat italic

The 15-item model would include the items of the 14-item model plus item 18
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Figure 1

Mean of the CFQ-25 and CFQ-14 scores
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Discussion

-

Given the major negative consequences of cognitive impairment following ICU admis-

ICU survivors could help to understand the functional implications of cognitive impairment 

clinically relevant as it provides clinicians with important functional information necessary 
for the support of the ICU survivors during their recovery. It also could provide valuable 

and researchers to improve ICU patients’ outcome by the development and/or use of pre-

impairment is a combination of self-reported cognitive failure and objective neuropsycho-

number of questions to answer and response rates are regarded a limitation. A shorter 

and might result in a higher response rate.

survivors. Similar to multiple studies that were also aimed at the reduction of the number 

conventional approach for data reduction of questionnaires is principal component analy-

not choose for this method.
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ICU admission providing valuable information about ICU survivors cognitive function for 

An important strength of this study is its large sample size. Our sample consisted of 

-
nitive functioning which can be used to better recognize PICS and as an alert for the 

a self-reporting questionnaire and therefore one should take into account that under- or 

of kin in the survivors’ cognitive evaluation may be a solution to prevent this under- or 
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In conclusion,
which showed similar performance as the full 25-item questionnaire. It is feasible to use 

Acknowledgments
The authors would like to thank the research nurses and the intensive care teams of each 
of the participating sites for their help in collecting the data.



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 187PDF page: 187PDF page: 187PDF page: 187

Development and validation of an abbreviated questionnaire to easily measure cognitive failure in ICU survivors

187

8

References

-
bilitation interventions for postintensive care 

outcomes after discharge from intensive care 
unit: report from a stakeholders’ conference. Crit 

-
vivors from critical illness. Anaesthesia. 

outcomes after critical illness: a systematic review 
of qualitative studies following hospital discharge. 

-

the scope of post-intensive care syndrome ther-
apy and care: engagement of non-critical care 
providers and survivors in a second stakeholders 

response to critical illness: postintensive care 

24.

cognitive impairment after critical illness. N Engl J 

D. Cognitive impairment after intensive care unit 
admission: a systematic review. Intensive Care 

implications of cognitive and psychiatric disabil-

cognitive function in ICU survivors. Intensive Care 

-
tory performance. Bulletin of the Psychonomic 

-
nitive failures in daily life: Healthy populations. 
Neurosci Biobehav Rev. 2016;63:29-42.

and its correlates. The British journal of clinical 

Delirium in critically ill patients: impact on long-
term health-related quality of life and cognitive 

-
ported Cognitive Problems After Delirium in the 

Self-reported cognitive failures and neurotic 
symptomatology. Personality and Individual Dif-

-
ures questionnaire revisited: dimensions and 
correlates. The Journal of general psychology. 

the cognitive failures questionnaire: evidence for 
dimensionality and construct validity. Personality 

structure and measurement invariance of the 
cognitive failures questionnaire across the adult 

-

patients: validity and reliability of the confusion 
assessment method for the intensive care unit 

patients: validation of the Confusion Assessment 

and safety of early combined cognitive and 
physical therapy for critically ill medical and 



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 188PDF page: 188PDF page: 188PDF page: 188

PART 2 | Chapter 8

188

surgical patients: the Activity and Cognitive Ther-

physical rehabilitation of intensive care unit 
survivors: results of the RETURN randomized 

of Postoperative Cognitive Decline in Daily Living: 

with which to study the course of chronic hand 
eczema in clinical practice: a reduced-item score. 

-
tionnaire on Cognitive Decline in the Elderly 

outcomes of delirium in mechanically ventilated 

-
atic review of risk factors for delirium in the ICU. 

patients with hypertension are related to cog-
nitive performance and cerebral microbleeds. 

al. Subjective cognitive failures after stroke in 
young adults: prevalent but not related to cog-



518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar518213-L-sub01-bw-Wassenaar
Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018Processed on: 27-3-2018 PDF page: 189PDF page: 189PDF page: 189PDF page: 189

Development and validation of an abbreviated questionnaire to easily measure cognitive failure in ICU survivors

189

8

Online data supplement

e-Appendix 1 #

1. 
it again?

2. 
3. 
4. 
5. Do you bump into people?
6. 
7. 
8. Do you say something and realize afterwards that it might be taken as insulting?
9. 
10. 
11. Do you leave important letters unanswered for days?
12. 
13. 
14. 
15. 
16. 
17. 
18. 

used match in your pocket?
19. Do you daydream when you ought to be listening to something?
20. 
21. Do you start doing one thing at home and get distracted into doing something else (unin-

22. 
23. 
24. 
25. 

#
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General discussion

This thesis focuses on early prediction of ICU-acquired delirium and the development of a 
multicomponent non-pharmacological intervention program targeting delirium prevention 

-

Organization

increase due to the use of more advanced medical technology and the aging popula-

-

Together with cognitive impairment these are described as the post-intensive care syn-

model of ICUs should be reconsidered in order to meet current and future care demand 

healthcare should be the value of care for patients. This means that instead of thinking in 

-

when the care for patients is delivered in a system covering the total package needed 
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-

one consisting of horizontal integration and phase two consisting of vertical integration. 
-

standing intensive care department with an intensivist as clinical leader of the ICUs and 

-

Interventions during ICU follow-up should be personalized and targeting impairments 

-
ium is important to create value for ICU patients. Our studies on delirium prediction 
(
since delirium prediction enables the use of preventive measures in high risk patients 

-

model at ICU admission and the PRE-DELIRIC model in low-risk patients after 24 hours 

clinical trials based on their risk for delirium. (

and healthcare professional - and patient time in research projects. So that the invested 

which ultimately might improve ICU patients’ outcome and with that ICU patients’ value. 
-
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high-risk patients as a reminder for health care professionals to start delirium preventive 

is to create value for patients by knowing the true costs of care and measurement and 

of a quality improvement strategy for ICU delirium care following the implementation of 

prevention during a stepped wedge cluster randomized controlled trial in multiple Dutch 
ICUs. Since delirium is common in the ICU and associated with an increased ICU length of 

quality of life and cognitive function of ICU patients at ICU admission as well as three and 
twelve months after ICU discharge will be collected providing insight in the ICU survivors’ 

-

-

in ICU survivors. In  we described the development of the abbreviated version 

measure self-reported cognitive failure following ICU admission providing valuable infor-

focused on follow-up of ICU patients. This information may provide insight in the functional 
implications of cognitive impairment and may be a starting point for the development of 
interventions towards creating value for ICU survivors by meeting their needs related to 

be validated with objectively measured cognitive function using neuropsychological tests. 
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thesis.

Patient and family

-

these negative consequences ICU survivors often have problems returning to the life they 

part of ICU care to improve ICU patients’ outcome in both the short- and long term.
The currently recommended ICU guidelines and care bundles focus on the prevention 

-

Especially family engagement and empowerment needs further implementation towards 

-

meet the patient’s needs and thus family involvement should be in tune with the patient’s 
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This is important knowledge to take into account when implementing delirium preventive 
strategies.

prediction in the ICU that we described in  facilitate adequate commu-
nication with ICU patients and their families about the patient’s risk to develop delirium 
during his or her complete ICU length of stay. If it is known that a patient is at high risk to 

 

-

-
tocol in . During the UNDERPIN-ICU study ICU patients’ families not only will 
be an important link to enable the ICU nurses to properly perform the interventions 

-

of regular visits from family by providing wide visiting hours is asked. To get to know an 
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sleep deprivation protocol the patient’s family should be asked what the patient does at 
home to promote sleep and if necessary to bring any devices. In the immobility protocol 

be a valuable addition to the currently promoted guidelines that focus on the prevention 

-

the UNDERPIN-ICU study it is essential to monitor the visiting policy and degree of family 
involvement in ICU care in each participating ICU before as well as after the implementa-

family instead of by nurses as proposed during the UNDERPIN-ICU study period. Not only 

ICU patients’ care which is also stimulated by many ICU societies and committees world-

purposive sampling cooperative ICU patients that were willing to participate were asked 

opinion. This pilot study was an important step in view of family- and patient-centered-care 

to incorporate ICU patients in the development of the other standardized protocols of the 
-

-
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is mainly focused on delirium monitoring by using one of the recommended delirium 

on delirium outcome. No positive recommendations are provided for delirium treatment 
-

-
ventive strategies.

-

seems a promising strategy for delirium prevention or mitigation of delirium consequences. 
In non-ICU patients it is already shown that a program including non-pharmacological 

In 
consists of standardized multicomponent interventions tailored to ICU patients and is 

the Delphi study were ICU nurses. This was not only important for the sense of ownership 
to stimulate the response rate during the Delphi study (

protocol described in 
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during the future UNDERPIN-ICU study.
-

ment and clinical leadership within the participating ICUs during the future UNDERPIN-ICU 

-

into account the ICU patients’ values by using the standardized protocols of the program 

nurses not only may increase their knowledge on delirium management and their potential 

care bundles on delirium care are implemented incompletely and further improvement is 

known that healthcare professionals’ delirium predictions are less accurate than those of 

ICU practice might be a solution. In  we suggested to use the E-PRE-DELIRIC 
model to predict patients’ delirium risk immediately after ICU admission and to update 
the risk scores of the low risk patients after 24 hours in the ICU with the PRE-DELIRIC 

the patient’s family or general practitioner about the patient’s history on cognitive impair-

to take action in case of a high risk for delirium and adopt a leadership attitude in pro-
viding delirium preventive measures and informing both the patient and family about the 
calculated delirium risk together with the ICU physicians.
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Methodological considerations

-

considerations. The studies described in this thesis were conducted using various 
-

it is preferable to conduct a prospective study to optimally measure and document 

-
tinational character of the studies further improved the generalizability of the results 
to other ICUs in the world. One might argue that adjusting the ICU delirium prediction 

It is important to take the assessment of our main outcome delirium into consider-
ation. This was assessed using one of the recommended delirium assessment tools the 

other anti-psychotics were administered for delirium treatment to prevent false negative 

-
oped and tailored to ICU patients during both a Delphi and a pilot study has a strong 

available literature at time of the search and therefore a representative draft program 

aimed at reducing ICU delirium by the implementation of a non-pharmacological protocol 
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in ICU patients.
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Directions for future research

Delirium prediction in ICU patients
-

new risk factors for delirium in the ICU may emerge due to changes in daily clinical practice 

improve the models’ performance and should be used for model revision.

-

during the future UNDERPIN-ICU study. Essential in the process evaluation as part of the 
study is to monitor the visiting policy and degree of family involvement in ICU care in each 

visual stimulation. Possible strategies may be based on techniques that are used in the 
-
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General conclusions

Delirium prediction in ICU patients
Our studies showed that both the E-PRE-DELIRIC and PRE-DELIRIC models statistically 
perform moderate-to-good. Although the predictive accuracy of the PRE-DELIRIC is 

-

it is of additional value to update their predicted risk scores using the PRE-DELIRIC model 
after 24 hours in the ICU.

We developed a feasible multicomponent non-pharmacological intervention program 

-

training on ICU delirium.

similar performance as the original full 25-item questionnaire. It is feasible to use this 
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-
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Summary

-

by an underlying medical condition. Delirium is a common problem in the Intensive Care 

outcome warranting the use of strategies to prevent ICU delirium. 
Current delirium management guidelines emphasize the need for prevention of delir-

promising delirium preventive strategies in the ICU.

Main aims of the thesis
-

ium can be reliably predicted immediately after ICU admission;
-

able ICU delirium prediction models;
To develop a multicomponent non-pharmacological intervention program aimed at 

-

To develop and validate an abbreviated self-reported questionnaire to easily measure 
cognitive failure in ICU survivors.

Delirium prediction in ICU patients
prediction of delirium in critically ill patients.

After a general introduction (chapter one
prospective cohort study in thirteen ICUs from seven countries in chapter two -
tiple logistic regression analysis was used to develop and validate the Early PREdiction 

included. The E-PRE-DELIRIC model consists of only nine predictors that are available at 

accuracy of the model was higher for delirium that developed later compared to delir-
ium that developed early following ICU admission. The E-PRE-DELIRIC model enables the 

at the reduction of incidence and severity of ICU delirium in high-risk patients.
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-

-
chapter three. We 

ICUs from A
cohort of critically ill adults both the E-PRE-DELIRIC and PRE-DELIRIC models showed a 
moderate-to-good statistical performance in a new and independent sample allowing for 
generalization to other ICUs in the world. Consistent with the results from other primary 

risk score compared to prediction by clinicians.

we compared the predictive performance and user convenience of the E-PRE-DELIRIC 
and PRE-DELIRIC models and determined the value of the use of both models in a two-
stage calculation in chapter four. In this study we showed that while both ICU delirium 

-

ICU increases the model’s sensitivity to detect patients that will develop delirium. In other 

we suggest to primarily use the E-PRE-DELIRIC model and in patients who appear to be 

PRE-DELIRIC model after 24 hours in ICU. 

The second part of this thesis focused on non-pharmacological prevention of delir-
ium in critically ill patients. In  we described the development of 
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-
ment. In 

-

-
utive functioning. Because of the necessity of consensus before adding an intervention 

the patients and nurses (

program including cognitive training on ICU delirium. This means we developed a feasible 

program on delirium in ICU patients.
In chapter seven we described the study protocol for the multicenter stepped wedge 

cluster randomised controlled trial (nUrsiNg DEliRium Preventive INterventions in the 
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-
nitive impairment. Within a study period of 28 months ten Dutch ICUs will implement the 

18 

-
evant as it provides clinicians with important functional information necessary for the 
support of the ICU survivors during their recovery. Since ICU survivors often develop 

-
naires are needed to study the relevant issues related to these impairments resulting in an 
overload of questions for ICU survivors. In chapter eight we described the development 

can be used by patients as part of self evaluation to measure functional cognitive outcome 
in ICU survivors. We conducted a retrospective observational cohort study in two Dutch 
university hospitals. Cognitive functioning was evaluated between 12 and 24 months after 

-

and an increased response rate.
In chapter nine, 
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Samenvatting

-

Er is altijd een onderliggende medische conditie die ten grondslag ligt aan het ontstaan 

sterfte wordt negatief beïnvloed door de aanwezigheid van delirium. Omdat ongeveer een 

van preventieve strategieën ter preventie van delirium op de IC noodzakelijk.

De huidige delirium management richtlijnen benadrukken het belang van delirium preven-
tie middels het gebruik van non-farmacologische interventies waarin verpleegkundigen 

van delirium op de IC.

Doelstellingen van dit proefschrift
Het ontwikkelen en valideren van een vroeg IC delirium predictiemodel om te bepalen 
of delirium meteen na opname op de IC betrouwbaar voorspeld kan worden;
Het verkrijgen van inzicht in de voorspellende waarde en het gebruikersgemak van 
verschillende beschikbare IC delirium predictiemodellen;
Het ontwikkelen van een non-farmacologisch interventieprogramma ter preventie 

Het ontwikkelen en valideren van een verkorte vragenlijst om gemakkelijk zelfgerap-
porteerde cognitief falen in IC-overlevenden te meten.

Delirium predictie bij IC-patiënten 
Het eerste deel van dit proefschrift is gericht op het vroeg voorspellen van delirium bij 
kritiek zieke patiënten.

Na een algemene inleiding in hoofdstuk 1 beschrijven we in  een grote mul-
tinationale prospectieve cohort studie die is uitgevoerd in dertien IC’s uit zeven landen. 

in deze studie. Het E-PRE-DELIRIC model bestaat uit negen voorspellende factoren (‘pre-
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-

E-PRE-DELIRIC model een matige tot goede voorspellende waarde zien die gelijk bleef na 
validatie. Relevant is dat de voorspellende waarde van het model beter was voor delirium 
dat later tijdens de IC-opname ontstond in vergelijking met delirium dat al vroeg na de 
IC-opname ontstaan was. Het E-PRE-DELIRIC model maakt het mogelijk om met slechts 

-
ceren. Hierdoor kunnen al vroeg preventieve strategieën ingezet worden bij IC-patiënten 
met een verhoogd risico op delirium ter vermindering van de delirium incidentie en -ernst.

Als algemene regel geldt dat het bepalen van de generaliseerbaarheid van een predic-
tiemodel noodzakelijk is voorafgaand aan het gebruik van een predictiemodel buiten de 
setting waarin het ontwikkeld is. Hierbij wordt de voorspellende waarde van het model 
onderzocht in een cohort van patiënten dat onafhankelijk is van het cohort dat gebruikt 
werd tijdens de ontwikkeling en initiële validatie van het model. Omdat er voor beide 

hoofdstuk 3 

zieke volwassenen lieten zowel het E-PRE-DELIRIC als het PRE-DELIRIC model een matige 
tot goede voorspellende waarde zien. Hierdoor is generalisatie van de resultaten naar 
andere IC’s over de wereld nu toegestaan. Net als in andere studies die primair gericht 

predictiemodellen nog steeds een betere voorspelling van het risico op delirium dan de 
voorspelling door zorgverleners.

Om het zorgverleners mogelijk te maken te kiezen tussen beide beschikbare IC delirium 
 de voorspellende waarde en het gebrui-

kersgemak van het E-PRE-DELIRIC en PRE-DELIRIC model vergeleken en bepaald wat de 
waarde was van het gebruik van beide modellen in een tweetrapsberekening. In deze 

-

IC-artsen scoorden het gebruikersgemak van het E-PRE-DELIRIC model juist hoger dan dat 
van het PRE-DELIRIC model. Bovendien heeft het PRE-DELIRIC model data nodig verkregen 
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IC-opname kan worden ingevuld. Hierdoor kunnen preventieve maatregelen tot 24 uur 
eerder worden ingezet bij patiënten met een verhoogd risico op delirium en kan rando-
misatie plaatsvinden in toekomstige studies op basis van delirium risico.

24 uur IC-opname de sensitiviteit van het model verhoogt om de patiënten die delirium 

primair het E-PRE-DELIRIC model te gebruiken en bij de patiënten die een laag risico op 

model na 24 uur IC opname.

Het tweede deel van dit proefschrift is gericht op non-farmacologische preventie van 
delirium in IC-patiënten. In  beschrijven we de ontwikkeling van een 

preventie op de IC middels verpleegkundige en fysiotherapeutische interventies met als 

cognitieve stoornissen. In  hebben we een aangepaste RAND Delphi studie 
-

-

-

over cognitieve training bestaande uit dagelijkse cognitieve oefeningen ter behoud en 
verbetering van de cognitieve functie door het richten op vaardigheden op het gebied 

bereiken van consensus over een interventie noodzakelijk was voorafgaand aan het toe-

prospectieve pilotstudie uitgevoerd om de haalbaarheid van cognitieve training oefenin-
gen voor zowel IC-patiënten als verpleegkundigen te onderzoeken (
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-
ningen samengesteld en tijdens meerdere ronden getest op haalbaarheid voor zowel de 

-
ring. In totaal werden er 75 patiënten geïncludeerd. Tijdens de eerste ronde werden elf 

-
tieve patiënten van wie 22 delirant waren. Terwijl de vitale functies van de patiënten niet 

-
ven oefeningen getest door de IC-verpleegkundigen van dienst bij 31 patiënten van wie er 
16 delirant waren. Alle oefeningen werden beoordeeld als uitvoerbaar en niet belastend 
door zowel delirante als niet-delirante IC-patiënten en door de verpleegkundigen. De 

e en 3e

-

hebben. Deze resultaten vertegenwoordigen een belangrijke stap als voorbereiding op 

op delirium bij IC-patiënten te bepalen. 

In  hebben een studieprotocol beschreven voor een verpleegkundige inter-
ventie studie (nUrsiNg DEliRium Preventive INterventions in the ICU; de UNDERPIN-ICU 

-

richt zich op meerdere risicofactoren die kunnen worden beïnvloed door verpleegkundige 

en auditieve beperkingen en cognitieve stoornissen. Binnen een studieperiode van 28 

implementeren. Elke twee maanden zal het programma geïmplementeerd worden in een 

-

-
levingsdagen in 28 dagen en delirium incidentie. Daarnaast worden zelfgerapporteerde 
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-
vant omdat het voor zorgverleners belangrijke informatie geeft wat van belang is voor 
het ondersteunen van IC-patiënten tijdens hun herstel. Aangezien IC-overlevenden vaak 

meerdere vragenlijsten nodig om alle relevantie kwesties gerelateerd aan deze beperkin-
gen te bestuderen. De omvang van de vragenlijsten kan resulteren in een overbelasting 
voor IC-overlevenden. In  hebben we de ontwikkeling en validatie van een 

gebruik als onderdeel van zelfrapportage om de functionele cognitieve uitkomst van 
IC-overlevenden te meten. We hebben hiervoor een retrospectieve cohort studie uitge-
voerd in twee Nederlandse universitaire ziekenhuizen. De cognitieve functie is tussen 12 

-
veer de helft in elk ziekenhuis. Het meest optimale model volgens ‘voorwaartse selectie’ 

-

-
venden om de complete vragenlijst in te vullen en een hoger responspercentage.

In 

onderzoek en de algemene conclusies van dit proefschrift.
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A

List of abbreviations

- -
taneous  awakening and breathing trials; choice of analgesia and sedation; delirium 

bundle
- 
- AUROC: Area under the Receiver Operating Characteristic curve
- BUN: blood urea nitrogen
- 
- 
- 
- 
- DECISION study: DElirium prediCtIon in the intenSIve care unit: comparisON of two 

delirium prediction models study
- 
- DOS scale: Delirium Observation Screening scale
- 
- 
- E-PRE-DELIRIC model: Early PREdiction model for DELIRium in ICu patients
- 
- GCS-score: Glasgow Coma Scale-score
- 
- ICDSC: the Intensive Care Delirium Screening Checklist
- ICU: intensive care unit
- IPR: interpercentile range
- IPRAS: interpercentile range adjusted for symmetry
- IRBs: Institutional Review Boards
- IRR: inter-rater reliability
- 
- LOS: length of stay
- 
- 
- 
- PRE-DELIRIC model: PREdiction model for DELIRium in ICu patients
- PoDeCoD: Postoperative Delirium and Cognitive Dysfunction
- PICS: postintensive care syndrome 
- 
- RASS: Richmond Agitation-Sedation Scale 
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- RC: reverence category
- REBs: Research Ethics Boards
- Riker SAS: Riker Sedation-Agitation Scale
- SD: standard deviation
- 
- 
- 
- SPIRIT: Standard Protocol Items: Recommendations for Interventional Trails– checklist
- TRIPOD: Transparent Reporting of a multivariable prediction model for Individual 

Prognosis Or Diagnosis
- 
- 
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Curriculum Vitae

237

A

Curriculum Vitae

Leeuwarden. Na haar diplomering werkte ze als verpleegkundige op verschillende afde-
lingen waaronder afdeling longziekten en poli cardiologie. Als verpleegkundige op afdeling 
longziekten was zij lid van het Project Innovatie Team longziekten/reumatologie tijdens het 

Inten-
sive C

-

op de afdeling Intensive Care van het Canisius-Wilhelmina Ziekenhuis. Gedurende haar 
werk als IC-verpleegkundige in het Canisius-Wilhelmina Ziekenhuis volgde zij een wiskunde 

-
siteit Utrecht. In het kader van haar afstuderen deed zij een kwalitatief onderzoek naar 

onderzoek won zij de Talma Eykman Award. Nog voor haar afstuderen werd zij aangeno-
Intensive Care 

van het Radboudumc te Nijmegen. Op deze afdelingen deed zij onder begeleiding van haar 

van den Boogaard onderzoek naar de predictie en non-farmacologische preventie van 
delirium bij IC-patiënten wat resulteerde in dit proefschrift. Tijdens haar promotietraject 
werd een van haar artikelen genomineerd voor de Anna-Reynvaan Wetenschapsprijs en 

Acute en Intensieve Zorg van de Hogeschool van Arnhem en Nijmegen.
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Portfolio

A

PHD PORTFOLIO 

Name PhD candidate: A. Wassenaar, MSc 
Department: Intensive Care Medicine 
Graduate School: Radboud Institute for Health 
Sciences

PhD period: 01-03-2013 – 01-11-2017 
Promotors: Prof. P. Pickkers, Prof. L. 
Schoonhoven 
Co-promotor: Dr M. van den Boogaard 

Year(s) ECTS 
TRAINING ACTIVITIES 

a) Courses & Workshops 
Statistical course at the research department of the ICU 
NCEBP Introduction Course 
BROK 
Academic writing 
Management voor promovendi 
Scientific integrity 
Presentation skills 
Presenteren van eigen onderzoek 
Research Data Management for PhD’s 
Klinische predictiemodellen K80 (EpidM) 
Advanced conversation 
Loopbaan management 
BROK herregistratie 

 
2013 
2013 
2013 
2014 
2014 
2015 
2015 
2015 
2015 
2015 
2016 
2016 
2017 

 
0.5 
1.0 
1.5 
3.0 
3.0 
1.0 
1.5 
1.5 
0.1 
2.0 
1.5 
0.7 
0.1 

b) Symposia & congresses 
Nederlandse vereniging voor Intensive Care (NVIC) 
congres 
(poster) 
Annual Meeting of the European Delirium Association 
(EDA) 
(poster and oral) 
European Society of Intensive Care Medicine (ESICM) 
(poster and oral) 

 
2013 & 
2016 
 
2015 & 
2017 
 
2015 & 
2017 

 
3 days &  
2 days 
 
2 days &  
2 days  
 
3 days&  
3 days 

c) Other 
Refereerbijeenkomsten IQ healthcare, Radboudumc 
PhD meetings Verplegingswetenschap IQ healthcare, 
Radboudumc 
Research meetings Intensive Care unit, Radboudumc 
Kenniskring Lectoraat Acute en Intensieve Zorg, 
Hogeschool van Arnhem en Nijmegen 
Refereerbijeenkomsten delirium onderzoek, 
UMCU/Radboudumc 

 
2013-2015 
2013-2017 
 
2013-2017 
2013-2017 
 
2013-2017 
 

 

TEACHING ACTIVITIES 
d) Supervision of internships / other 

Medical student 
Research assistants / data managers 

 
2015 
2013-2016 

 

TOTAL (of part a) 17.4 
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Publicatielijst
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A

Publicaties

Wassenaar A

Wassenaar A

prediction models’. Submitted.

Wassenaar A

unit patients’. Submitted.

Wassenaar A

Wassenaar A -
sibility of cognitive training in critically ill patients: A pilot study’. Am J Crit Care. 2018 

Wassenaar A

abbreviated questionnaire to easily measure cognitive failure in Intensive Care Unit sur-

Wassenaar A
P. ‘Determination of the feasibility of a multicomponent intervention program to prevent 
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Appendix
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Wassenaar A

-

Wassenaar A
good and comfortable care by building a bond of trust’: nurses views regarding their role 
in patients’ perception of safety in the intensive care unit. J Clin Nurs. 2015 Nov;24(21-

Wassenaar A -

and validation of an early prediction model for delirium in ICU patients’. Intensive Care 

Wassenaar A
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