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1. Design and results of the trial

2. Lessons for the future



Delirium



Frequency and Impact

Frequent disorder in the ICU
Up to 80% of patients

Associated with poor prognosis
Longer ICU and hospital stay, increased risk of 
cognitive decline, higher mortality

Associated with higher costs

JAMA 2004, Intensive Care Med 2007, Crit Care Med 2004 



Treatment

Treat underlying disorder

Quiet environment, frequent orientation

Antipsychotic: haloperidol

Benzodiazepine

Cholinesterase inhibitor?

American Psychiatric Association guideline



Impaired Cholinergic Transmission



Impaired Cholinergic Transmission

Drugs with anticholinergic effects can cause delirium

Serum anticholinergic activity is increased in delirium

Persistent delirium may be treated with cholinesterase inhibitors 

such as rivastigmine



Rivastigmine

Inhibitor of acetyl- and butyrylcholinesterase

Approved for the symptomatic treatment of Alzheimer’s Disease,

Parkinsons Disease Dementia and Lewy Body Dementia



Hypothesis

Rivastigmine added to usual care reduces the 

duration of delirium in critically ill patients





Methods



Trial Design

Multicentre, double-blind, randomized, placebo-controlled, add-on

Rivastigmine

duration of delirium

Placebo

Added to usual care

ClinicalTrials.gov NCT00704301



Study Group

MCL Leeuwarden
M.A. Kuiper

MCA Alkmaar
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Study Group

M.M.J. van Eijk, coordinating investigator

Prof. K.C.B. Roes, biostatistician

Prof. W.A. van Gool, neurologist

Prof. R.C. van der Mast, psychiatrist

Prof. J. Kesecioglu, director

A.J.C. Slooter, principal investigator



Study Population

Inclusion criteria
Positive CAM-ICU
18 years or older
Expected ICU stay > 48 hours



Study Population

Inclusion criteria
Positive CAM-ICU
18 years or older
Expected ICU stay > 48 hours

Exclusion criteria
Pregnant or lactating
Unable to receive enteric medication 
Renal replacement therapy 
Liver failure with hepatic encephalopathy  
Known allergy to rivastigmine
Second or third degree AV block or bradycardia
Doubts about the delirium diagnosis 
No informed consent



Usual Care

Nursing protocol with frequent orientation

Haloperidol: 
≥ 70 yrs: 3x1 mg iv
< 70 yrs: 3x2,5 mg iv

Benzodiazepine:
Lorazepam 1 mg ante nocte



Study Medication

Day 1-3: 2x1.5 mg

Day 4-6: 2x3 mg

Day 7-9: 2x4.5 mg

Day 10 – end of study: 2x6 mg

Solutions were similar with regard to colour, 
smell, taste and viscosity

BMC Neurol 2008;8:34



Study Medication

Continued until: 
- End of delirium (CAM-ICU 48 hours negative)
- Discharge
- Death



Study Medication

Continued until: 
- End of delirium (CAM-ICU 48 hours negative)
- Discharge
- Death

In case of side effects: 
- Reduced until the side effect resolved
- Stopped if the side effect persisted > 3 days



Escape Medication

Haloperidol
≥ 70 yrs: 2,5 mg iv every 30 min.
< 70 yrs: 5 mg iv every 30 min.

Sedation
Propofol tapered every 12 hours

Midazolam tapered every 12 hours 



Sample Size Estimation

Assumptions:

Duration of delirium: 3.4 (mean; SD 1.9 days)

80% power, alpha = 0.05, 1:1 randomization

To detect a reduction of 0.5 day:

Sample size: 2x220 patients

Intensive Care Med 2001



Data Analysis

Intention-to-treat analysis

Primary outcome: duration of delirium

Mann-Whitney test and Cox’s regression analysis



Data Analysis

Secondary outcomes: 

- mortality

Kaplan-Meijer, log rank statistics, Cox’s regression

- severity of delirium
- psychoactive medication use
- length of ICU and hospital stay

Mann-Whitney tests





Results





Interruption

Dr. R.J. van Marum, chairman of the DSMB: 

“…. there is a 3-times higher mortality rate in the rivastigmine 
group without any relevant baseline imbalances. Furthermore,
there is no noticeable beneficial effect of the rivastigmine. We 
advise to terminate the study.”



Interruption

Dr. R.J. van Marum, chairman of the DSMB: 

“…. there is a 3-times higher mortality rate in the rivastigmine
group without any relevant baseline imbalances. Furthermore,
there is no noticeable beneficial effect of the rivastigmine. We 
advise to terminate the study.”

Halted after the 4th interim analysis and inclusion of 104 patients



6724 patients screened

648 delirious patients 
identified

109 patients included

146 uncertainty concerning diagnosis
141 no informed consent 
65 renal replacement therapy
22 hepatic encephalopathy
15 unable to receive enteric 

medication
11 bradycardia with hemodynamic 

consequences
139 miscellaneous

Rivastigmine
55 subjects

Placebo
54 subjects

1 subject 
withdrawn by 

family

4 subjects 
withdrawn by 

family

Rivastigmine
54 subjects
analyzed

Placebo
50 subjects
analyzed

Inclusion



Rivastigmine (n=54) Placebo (n=50)

Age,  mean (SD) 68.0 (11.4) 70.0 (12.2)

Male gender, n (%) 38 (70%) 29 (58%)

APACHE II score, mean (SD) 20.3 (8.9) 19.6 (7.9)

Admitting discipline, n (%)
- Internal medicine
- General surgery
- Cardiology/cardiothoracic surgery
- Neurology/neurosurgery

17 (31%)
21 (39%)
13 (24%)
3 (6%)

15 (30%)
16 (32%)
18 (36%)
1 (2%)

Emergency admission, n (%) 46 (87%) 32 (64%)

Estimated hours of delirium before inclusion, 
median; IQR

12.0 (5.8 – 36.0) 12.0 (6.5 – 22.5)

Baseline Characteristics
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Primary Outcome



Primary Outcome

Delirium duration in days, median; IQR

Rivastigmine  Placebo p-value

All patients 5.0 (2.7 - 14.2) 3.0 (1.0 - 9.3) 0.06
n=54 n=50

Mann-Whitney-U test



Primary Outcome

Delirium duration in days, median; IQR

Rivastigmine  Placebo p-value

All patients 5.0 (2.7 - 14.2) 3.0 (1.0 - 9.3) 0.06
n=54 n=50

End delirium 4.0 (2.0 - 16.0) 2.5 (1.0 - 5.8) 0.06
n=35 n=34

Mann-Whitney-U test



Primary Outcome

Delirium duration in days, median; IQR

Rivastigmine  Placebo p-value

All patients 5.0 (2.7 - 14.2) 3.0 (1.0 - 9.3) 0.06
n=54 n=50

Discharge 6.0 (3.5 - 11.5) 6.0 (3.0 - 21.5) 0.95
n=7 n=12

Mann-Whitney-U test



Primary Outcome

Delirium duration in days, median; IQR

Rivastigmine  Placebo p-value

All patients 5.0 (2.7 - 14.2) 3.0 (1.0 - 9.3) 0.06
n=54 n=50

Death 9.5 (4.8 -11.8) 8.0 (1.0 - 9.0) 0.29
n=12 n=4

Mann-Whitney-U test



Secondary Outcomes: Mortality

During study treatment

Rivastigmine  Placebo p-value

n=12 (22%) n=4 (8%) 0.07 

Chi-Square test



Secondary Outcomes: Mortality

During study treatment

Rivastigmine  Placebo p-value

n=12 (22%) n=4 (8%) 0.07 

After 90 follow-up days

n=18 (33%) n=11 (22%) 0.14

Chi-Square test



Secondary Outcomes: Mortality



Secondary Outcomes: Mortality

Causes of death:

Lancet 2010;376:1829-37



Secondary Outcomes: Mortality

Causes of death:

Lancet 2010;376:1829-37



Multivariate Analyses

Findings on delirium duration and mortality

did not change with Cox’s regression 

analysis and adjustments for baseline differences 

in gender and emergency admissions



Other Secondary Outcomes



Other Secondary Outcomes

Total dose study medication (mg)

Rivastigmine  Placebo p-value

Median 21.8 12.8 0.12 



Other Secondary Outcomes

Mean Delirium Severity Index

Rivastigmine  Placebo p-value

Median 2.3 2.0 0.004



Other Secondary Outcomes

Median use of psychotropic medication (mg)

Rivastigmine  Placebo p-value

Haloperidol 3.2 3.1 0.30

Lorazepam 0.2 0.0 0.28

Mean mg per patient per day



Other Secondary Outcomes

Median length of stay (days)

Rivastigmine  Placebo p-value

ICU 15 8 <0.0001

Hospital 29 25 0.06





Discussion



Summary

Rivastigmine:

- No decrease in duration of delirium

- More severe delirium

- Longer ICU stay

- Increased mortality (NS)



Strengths

- First large RCT on a cholinesterase 
inhibitor as treatment for ICU delirium 

- Multicentre design

- Strict and complete follow-up 

- Every 3 months interim analyses



Implications (1)

- Difference in mortality not statistically significant 
(22% versus 8%; p=0.07)

- Causes of death were heterogeneous 

- No evidence for a detrimental effect of rivastigmine

Difference in mortality may be due to chance



Implications (2)

Most important: 
No evidence for any beneficial effects

The median duration of delirium was even 2 days longer 
in the rivastigmine group (p=0.06)





Conclusion



Conclusion

Rivastigmine should not be administered

to delirious ICU patients
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Lessons for the future

1 - Mind that regulation is extensive

2 - Research staff may become exhausted 

3 - Placebos, database building and monitoring are expensive

4 - Budget should be sufficient

5 - Do not include all possible trial centers

6 - Consider the optimal frequency of interim analyses
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