Multinational development and validation of an Early PREdiction model for DELIRium in ICu patients



Multinational development and validation of an Early PREdiction model for DELIRium in ICu patients
Running title:
Early PREdiction of DELIRium in ICu patients


A. Wassenaar, MSc1; M. van den Boogaard, PhD2; Prof. T. van Achterberg, PhD3,1; A.J.C. Slooter, PhD4; M.A. Kuiper, PhD5; M.E. Hoogendoorn, MSc6; K.S. Simons, MSc7; E. Maseda, PhD8; N. Pinto, MSc9; C. Jones, PhD10; A. Luetz, PhD11; A. Schandl, PhD12; W. Verbrugghe, PhD13; Prof. L.M. Aitken, PhD14,15,16; F.M.P. van Haren, PhD17; A.R.T. Donders, PhD18; Prof. L. Schoonhoven, PhD1,19; Prof. P. Pickkers, PhD2




Online Data Supplement 

Table E1 Characteristics of participating hospitals
	
	Population
	Number of beds for adults
(annual admissions)

	The Netherlands_Nijmegenu
	Medicine, surgery, neurocritical
care, and cardiothoracic surgery
	33 beds
(2000-2500)

	The Netherlands_Utrechtu
	Medicine, surgery, neurocritical
care, and cardiothoracic surgery
	32 beds
(2000-2500)

	The Netherlands_Leeuwarden*
	Medicine, surgery, and
cardiothoracic surgery
	20 beds
(1400-1500)

	The Netherlands_Zwolle*
	Medicine, surgery, neurocritical
care, and cardiothoracic surgery
	36 beds
(2500-300)

	The Netherlands_Den Bosch*
	Medicine, surgery, and trauma

	16 beds
(750-850)

	Belgium_AntwerpU
	Medicine, surgery, neurocritical
care, and cardiothoracic surgery
	45 beds
(2600-2800)

	Germany_BerlinU
	Medicine, surgery, trauma
	35 beds
(4000-4500)

	Spain_MadridU
	Medicine, surgery, and neurocritical care
	16 beds
(1300-1500)

	Sweden_StockholmU
	Medicine, surgery and trauma
	13 beds
(1000)

	Australia_Brisbane*
	Medicine, surgery, neurocritical care, cardiothoracic surgery, and trauma
	25 beds
(2000)

	Australia_Canberra*
	Medicine, surgery, neurocritical
care, and cardiothoracic surgery
	31 beds
(1800-2000)

	UK_Prescot*
	Medicine, surgery
	15 beds
(800-850)

	UK_Kent*
	Medicine and surgery
	9 beds
(700-900)



UUniversity hospital
*University affiliated teaching hospital


Table E2 Collected potential predictors of delirium immediately after ICU admission and outcome definition
	Predictor
	Explanation
	Category

	age
	in years at time of admission
	C

	gender
	male/female
	D

	history of cognitive impairment
	known medical history of dementia, mild 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
	brain (TIA/CVA), cardiac or other vascular disease
	D

	Glasgow Coma Scale (GCS)-score
	at time of ICU admission according to APACHE II definition
	C


	diabetes
	diabetes mellitus
	D

	blood urea nitrogen (BUN) 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

	surgical, medical, trauma, neurology/neurosurgical
(trauma including brain damage was neurology) 
	Cat.


	urgent admission
	unplanned intensive care admission
	D

	mean arterial blood pressure (MAP)
	at the time of ICU admission in mmHg

	C


	(strong suspicion of) infection

	proven or strong suspicion of infection for which antibiotics were started
	D


	use of corticosteroids
	oral/iv, used until time of ICU admission
	D

	respiratory failure
	non-elective mechanically ventilation or non-invasive ventilation is necessary or expected <24hr
	D

	
	
	

	Outcome
	Explanation
	

	delirium
	Delirium was diagnosed when the CAM-ICU was positive, 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 patients without previous anti-psychotic medications, as in all participating centres haloperidol was only used to treat delirium. For example, if a patient who screened negative for delirium with the CAM-ICU was suddenly heavily agitated and therefore successfully treated with haloperidol, the next CAM-ICU would again be negative; in these cases the patient was considered positive for delirium



C= continuous		
D= dichotomous 		
Cat.= categorical


Supplemental file 1 Methods Statistical analysis
Statistical analysis was pre-planned in collaboration with a statistician (RD). To determine if missing data were lacking systematically or at random, missing value analysis was performed. According to the IBM SPSS manual for missing values,[1] a significance value of the Little’s MCAR test <0.05 indicates the data are not missing completely at random. Overall, candidate predictors with missing values at random were: GCS-score (1.5%), diabetes (6.4%), infection (6.3%), use of opiates (0.2%), BUN (10.5%), history of alcohol-, nicotine- and drugs abuse (19.7%), vascular diseases (5.1%), cognitive impairment (14.6%), use of anti-psychotics (6.6%). The missing values were imputed using two methods. First, imputation based on clinical judgment was used: where the GCS-score was missing, a normal score of 15 was assumed and imputed; where diabetes, infection and use of opiates were 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 to assume the value was abnormal, and therefore the mean BUN value for that group, i.e. with or without delirium, was imputed.[2] Further, we performed multiple imputation using fully conditional specification implemented by Multivariate Imputation by Chained Equations algorithm (package mice: 40 imputation sets were created using the default imputation methods)[3] for the candidate predictors: history of alcohol-, nicotine and drugs abuse, vascular diseases, cognitive impairment, and use of anti-psychotics, because it was not possible to assume these values were (ab)normal when missing. As we wanted to develop a generally applicable model, a fixed centre effect was assumed. In addition, centre was included as a variable during multiple imputation.
The model was developed using multiple logistic regression analysis on data of the first two-thirds of the patients of all participating hospitals. Selection of the final predictors of the E-PRE-DELIRIC model took place through manual backward selection of the candidate predictors using a p-value of >0.10 for exclusion. The model was validated on data of the last one-third part of the patients, without multiple imputations. This so-called temporal validation, is a prospective evaluation of the model, external in time and independent of the development data set.[4] The validation was performed using the regression coefficients of the included predictors. 
Discriminative power was assessed using the area under the receiver operating characteristic curve (AUROC).[5] Calibration was assessed graphically by plotting the observed outcome frequencies against the mean predicted outcome probabilities or risks, within subgroups of patients that were ranked by increasing estimated probability.[6] Also, a model was fit on the observed data in which the linear predictor (LP) was put in together with the intercept: Log(Odds) = b0 + b1*LP.
To evaluate the predictive value of the E-PRE-DELIRIC model related to the moment at which delirium first occurred, the database was divided in four groups based on the quartiles of the time until the development of delirium at: day 0-1; day 2; day 3-6; >day 6. For each of these groups the AUROC, sensitivity and specificity, and delirium incidence were calculated.

Sample size calculation
The E-PRE-DELIRIC model was compiled from eighteen candidate predictors. For each candidate predictor at least ten patients with delirium were needed for the validation and calibration of the model.[7] With an anticipated delirium incidence of 15-30%, an expected attrition of 25%, we aimed to enrol at least (18*10/0.15)/0.75=1,600 patients. 


Table E3 CAM-ICU compliance and inter rater-reliability measurements
	
	
CAM-ICU compliance
(mean and SD in %)
	
Inter-rater reliability
(mean Cohen’s kappa)

	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

	Spain_Madrid
	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
	^

	UK_Prescot
	60.8±1.0
	0.79

	UK_Kent
	87.0±6.3
	0.87



* Impossible to determine, due to the fact that the ICU nurses scored all patients negative for delirium, the experts scored one patient positive for delirium
# Not available
^ In this center all CAM-ICU were assessed by two CAM-ICU experts, making this not applicable 


[image: ]
Fig. E1 Calibration plot validation data set
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