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Colleagues ICU Research  



Delirium features  
- Acute onset (hours, days) 

- Fluctuations and altered level of consciousness (using 
RASS/SAS or GCS) 

- Cognitive disturbances: memory problems, disorientation 
(t,p,p), language problems, hallucinations and delusions  

 

(DSM-V criteria) 

 

There is always a physical problem causing delirium 



Agenda  

- Detection 

- Occurrence and outcome 

- Prediction of delirium   

- Prevention of delirium 



Delirium detection 

-‘Gold standard’: Psychiatrist, geriatrist or neurologist using DSM 

criteria 

- Undoable in daily practice  

- Five delirium assessment tools developed for ICU patients  





Performance of assessment tools 
 

• D 

CAM-ICU               vs.                   ICDSC 

Pooled sensitivity=0.80 
  

Pooled sensitivity=0.74 
  

Pooled specificity=0.96 
  

Pooled specificity=0.82 
  



Still the CAM-ICU? 

Highest sensitivity in center who had a delirium protocol ! 



So there is a need for improvement 
in delirium assessment  

Deliero-electrode 

Promising new 
assessment tool:  
three leads EEG monitor 

but for what reason;  

is delirium a problem? 



Occurrence and outcome 

- Prevalence of ICU delirium 11-89% (depending on time, 

methods of measurement, patient category)  

- Incidence overall is around 25-50% 

 - Surgical patients  15% 

 - Medical patients  42.9% 

 - Trauma patients  68% 

 - Neurology patients  90.5% 



Short term outcome  
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Delirious  
 

(n=411) 

Non-delirious 
 

 (n=1202) 

p-value 
  

(adj. APACHE-II score) 

Time on ventilator (d)         4.6 [1-11]        0.3 [0-1] <0.0001 

Re-intubation         10%       0.5% <0.0001 

Unplanned removal  
of catheters  

        23.1%       0.6% <0.0001 

LOS-ICU (d)         6 [2-13]       1 [1-2] <0.0001 

LOS-Hospital (d)         20 [10-39]       7 [5-14] <0.0001 

In-Hospital mortality         73 (17.8%)       40 (3.3%) <0.0001 

• Median delirium duration 2 days [IQR 1-7] 

 

Data expressed as median and IQR or absolute number and % 



 

Short term outcome 



 

• Adjusted voor APACHE-II, but no SOFA! 

Mortality  

Short term outcome 

3.22 



Using another statistical approach 

Conclusion overall:  

Delirium is associated with poor outcome on the short term 



 
• Quality of Life: no differences on physical outcome between 

delirium vs non-delirium (12 and18mos after ICU) (Van Rompaey (CC, 2011); van 

den Boogaard (CCM, 2012)) 

• Sustained cognitive disturbances (Girard (CCM, 2010); van den Boogaard (CCM, 2012)) 

associated with duration of delirium 

Delirium and long-term outcome 



 N=47; 3 mnd follow-up 



DELIRIUM IS BAD, AND 
PREVENTION  

IS BETTER THAN  

CURE 
 

 

 



 

BUT,…..  

It is unnecessary to apply preventive measures in all patients: 

- Less effective (dilution effect) 

- Labor intensive 

- Exposure to side-effects 

Need for a delirium prediction model to identify high risk patients 



Can we predict it? 



Male 41yr old injured during moutainbiking resulting in mild brain 
damage and #femur.   
After the operation he was admitted to the ICU: 
- sedated with propofol  
- morphine 1mg/hr  
- there were no signs of infection 
- urea level 9 mmol/L 
- metabole acidosis  
- APACHE-score is 11 

Case  

What do you think this patient is delirious 
during ICU stay? 



 
 
 

Area Under the Curve 

Test Result Variable(s) Area Std. Errora Asymptotic Sig.b 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

Nurse delirium prediction ,594 ,053 ,078 ,491 ,697 

MD delirium prediction  ,593 ,052 ,083 ,490 ,695 

The test result variable(s): Nurse delirium prediction, MD delirium prediction  has at least one tie between the 

Prediction of nurses and physicians 

Prediction (N=124) 
sensitivity 0.61 and specificity 0.42 
 



No, we cannot… 



But, a model might do better! 

Currently there is/was no delirium prediction model for ICU 

patients available, but there are known risk factors in ICU 

patients 

 

 



Delirium prediction studies 
1. Cohort study (1yr) including >1600 patients to develop a model 

2. Cohort study (4mos) including >550 patients to validate the model 
3. Multicenter cohort study including >900 patients for external validation 
4. Multinational cohort study including > 1800 patients to recalibrate the 

model 
 

For all studies, all consecutive patients were screened 



Delirium prediction model 
• 25 known risk factors for ICU patients 

- Age  
- APACHE-II 
- Infection 

- Coma 
- Renal and liver function 
- Dementia 

- Sedative use  
- Morphine use,  
- etc  

Delirious  

Minimal 1 positive CAM-ICU screening 

Statistical approach:  logistic regression analyses and bootstrapping 



Development of PRE-DELIRIC-model 
 Variables  Odds ratio  

1.  Age per year  1.04  

2.  APACHE-II score per point  1.06  

3.  Coma:  
-  Medication induced  
-  Miscellaneous  
-  Combination  

RC  
1.81  
18.46  
21.33  

4.  Diagnose group  
-   Surgery  
-   Medical  
-   Trauma  
-   Neurological/neurosurgery  

 
RC  
1.39  
3.38  
4.45  

5.  Infection  3.12  

6.  Metabolic acidosis (yes/no)  1.37  

7.  Morphine use  
-   0.01 - 7.1mg/day  
-   7.2 - 18.6mg/day  
-   >18.6mg/day  

RC  
1.56  
 1.15.  
1.74  

8.   Sedation  4.52  

9.   Urea increased per mmol/L  1.03  

10. Urgent admission  1.54  



Delirium prediction studies 
1. Cohort study (1yr) including >1600 patients to develop a model 

2. Cohort study (4mos) including >550 patients to validate the model 
3. Multicenter cohort study including >900 patients for external validation 
4. Multinational cohort study including > 1800 patients to recalibrate the 

model 
 

For all studies, all consecutive patients were screened 



How well does this model predict? 



Performance is expressed with AUC  
- Development:   0.86 
- Internal validation:  0.89 
- External validation:  0.84 
- Pooled (N=3054)   
(yellow line):                 0.85 

85% good prediction of ICU delirium 



 

What is the performance of the model in other countries? 



Delirium prediction studies 
1. Cohort study (1yr) including >1600 patients to develop a model 

2. Cohort study (4mos) including >550 patients to validate the model 
3. Multicenter cohort study including >900 patients for external validation 
4. Multinational cohort study including > 1800 patients to recalibrate the 

model 
 

For all studies, all consecutive patients were screened 



Multinational cohortstudy 
- 8 hospitals from 6 countries particpated (Australia, Belgium, Germany, Spain,  

Sweden, and UK ) 

- Data collection period for 3 months 

- 1850 patients were included 



Results 

Significant differences on predictors between the centers 



Performance PREDELIRIC internationally  

AUC: 0.77 (95%CI: 0.74-0.79) = 77% good prediction  



Male 41yr old injured during moutainbiking resulting in mild brain damage, #femur. 
After the operation he was admitted to the ICU, sedated with propofol, morfine 
1mg/uur, there were no signs of infection, urea level 9 mmol/L, metabole acidosis,  
APACHE-score is 11 

Case  

Delirium probability: 94% 

DeliriumICU app 
• http://itunes.apple.com/us/app/deliriumicu/id511306390   
• https://play.google.com/store/apps/details?id=dotsdigits.deliriumicu   

 

In formula:  
 
-6.31 (41*0.04+22*0.06+0.55+1.13+0.13+0.29 +0+1.39 +9.4*0.03+0.4)= 1.526791  
 
EXP(1.526791)/(1+EXP 1.526791)= 
 

http://itunes.apple.com/us/app/deliriumicu/id511306390
https://play.google.com/store/apps/details?id=dotsdigits.deliriumicu


“Last” prediction study 

• Can we predict ICU delirium immediately after ICU admission ? 

•   Multinational cohort study with 13 participating ICUs from  
     7 countries  



Results  

Variables 
Development  

(N= 1962) 
Validation  
(N= 952) 

Age in years* 61.7 (53-74) 60.6 (51-73) 

Male, N (%) 1166 (59.4) 550 (57.8) 

Admission category, N (%) 
- surgical 
- medical  
- trauma 
- neurology/neurosurgical 

 
 

1019 (51.9) 
  683 (34.8) 

  90 (4.6) 
170 (8.7) 

 
 

476 (50.0) 
338 (35.5) 

44 (4.6) 
94 (9.9) 

Urgent admission, N (%) 1163 (59.3) 570 (59.9) 

LOS-ICU in days* 2.0 (1-6) 2.0 (1-5) 

Delirium, N (%)   481 (24.5) 208 (21.8) 



 
 
Results  
 
 
 

Model consist of 9 predictors available at time of ICU admission:  
1. age  
2. cognitive impairment (history of dementia, MCI, delirium) 

3. alcohol abuse (documented history) 

4. admission category (surgical, medical, trauma, neurology/-surgical) 

5. urgent admission 
6. mean arterial blood pressure  
7. use of corticosteroids (except inhalation corticosteroids) 

8. respiratory failure 
9. blood urea level (mmol/L) 

 
 
 



 
 
Results  
 
 
 

 
 
 

AUC: development 0.76 and validation: 0.77 
 
 
 

 Discrimination of E-PREDELIRIC 
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Now we can predict delirium, 
  

can we also prevent ICU delirium? 



ICU delirium prevention 
• Pharmacological  

 
• Non-pharmacological prevention 

Early delirium treatment 
• Early vs late treatment: decrease in mortality, less infections 

and lower workload  



Pharmacological delirium prevention  
• Haloperidol low dosage is maybe effective 

• In non-cardiac surgery ICU patients randomized to haloperidol (n=229) 
max. of 5mg (continuously) or placebo (n=228) resulted in a decrease of 
delirium, increase of delirium-coma-free days. No risk stratification was 

made (Wang et al., 2012) 

 
 

 
 
 

 
• Hope trial: randomized to haloperidol (3x2.5mg) or placebo. No 

differences were found on outcome. Small study of 140 patients, 

delirium before inclusion was no exclusion criteria, no risk stratification 
was made (Page et al., 2013) 



Pharmacological delirium prevention  
• Haloperidol low dosage is maybe effective 

• Pre-Posttest study (van den Boogaard et al., 2013) in high risk patients 
(predicted risk ≥50%) using 3x1 mg haloperidol had beneficial effects on 
outcome.  



Delirium risk 71-90% Control 
(N=111) 

Intervention 
(N=60) 

 PRE-DELIRIC score 81±5 81±5 

Delirium incidence (N,%) 94 (85%) 44 (73%) 

Delirium-free-days 28 days [median, IQR] 11 [3-22] 20 [7-27] 

28-day mortality 13 (12%) 5 (8%) 

Delirium risk >90% Control 
(N=78) 

Intervention  
(N=48) 

PRE-DELIRIC score 94±3 95±3 

Delirium incidence (N,%) 76 (97%) 41 (85%) 

Delirium free days 28 days [median, IQR] 4 [0-14] 13 [6-21] 

28-day mortality 10 (13%) 2 (4%) 

Delirium risk <70% Control  
(N=110) 

Intervention  
(N=68) 

PRE-DELIRIC score 50±19 55±16 

Delirium incidence (N,%) 55 (50%) 30 (44%) 

Delirium-free-days  28 days [median, IQR] 26 [10-28] 26 [13-28] 

28-day mortality 13 (12%) 6 (9%) 

- The higher the risk, the  

more beneficial prevention  

was 

 

- Confirms the need for a  

delirium prediction model 

 

- Confirmation in RCT is  

needed 

 

 



Non-pharmacological measures 
• Early mobilization (Schweickert et al.) results in shorter duration of 

delirium (median 2 days vs median 4 days). Small study that needs to be 
confirmed 

• Multicomponent interventions in non-ICU patients focusing on several 

risk factors (cognitive impairment, sleep deprivation, immobility and 
visual and hearing impairment)  resulted in a significant reduction on 
delirium incidence and duration 

• Studies to confirm this in ICU patients should be performed 
• Interestingly: reorientation strategy resulted in less delirium and bright-

light therapy resulted in reduced severity of delirium 

 
Small prevention studies in the ICU showed positive effects on delirium  

Outcome (pharmacological and non-pharmacological interventions) but  
needed all to be confirmed in larger randomized controlled trials 



 
 
Final conclusion  
 
 
 
 

 ICU delirium occurs frequently and is associated with poor 

outcome 

 Delirium detection by ICU nurses is possible but there is a 

need for improvement in delirium assessment tools 

 We now can predict ICU delirium in an early stage of ICU 

admission which is helpfull for preventive measures in high 

risk patients 

 Delirium prevention seems beneficial for ICU patients 

BUT THERE IS STILL MUCH TO GAIN IN ICU DELIRIUM 



Welcome to next Venticare congres for ICU nurses 

http://www.venticare.nl/int-visitors/  

http://www.venticare.nl/int-visitors/
http://www.venticare.nl/int-visitors/
http://www.venticare.nl/int-visitors/
http://www.venticare.nl/int-visitors/


Thank you for your attention  
and have safe drive/flight home 


