
ICU Strategies to Improve Cognitive Function 
after Critical Illness

John W. Devlin, PharmD, MCCM, FCCP, BCCCP
Associate Scientist,

Division of Pulmonary and Critical Care Medicine, 
Brigham and Women’s Hospital;

Lecturer in Medicine, Harvard Medical School; 
Professor of Pharmacy, Northeastern University;

Boston, MA



Disclosures

Research Funding:
NIA
AHRQ
Sedana Medical 

Consultant:
Noven Pharmaceuticals 



ICU
Survivorship

PICS Clinic

Cognitive Impairment/
Dementia



ICU Delirium 

• Prevalence: 20-70% 
• Broad range driven by variability in predisposing and 

precipitating factors between patients
• Severity of illness is a key driver of daily occurrence  

• Associated with:
– Substantial distress to patients, families and caregivers
– Increased short- and long-term mortality
– Prolonged mechanical ventilation and ICU/hospital length 

of stay 
– Increased healthcare costs

– Reduced long-term cognitive decline (dementia)

Devlin JW et al. PADIS Crit Care Med 2018



Wilcox ME, et al. BMJ 2021;373:n1007

Risk Factors for ICU Delirium

Lack of exercise 

Potentially 
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Select Studies of Delirium and Long-Term Cognitive Outcomes in
Patients with Critical Illness

Wilcox ME, et al. BMJ 2021;373:n1007



N=826 critically ill adults:

- Age = 61 [41-71]
- APACHE II score = 25 [19-31]
- Medical 68%
- Mechanical ventilation = 91%
- Delirium = 74 % for duration of 4 [2-7] days
- Coma = 63% for 3 [2-6] days
- Benzodiazepine = 62%
- Propofol = 52%
- Dexmedetomidine = 13%
- Opioids = 78%

Pandharipande PP, et al. N Engl J Med 2013; 369:1306



A Longer Duration of Delirium 
was Independently Associated 
with Worse Global Cognition at: 

- 3 months (P=0.001)
- 12 months (P=0.004)

Pandharipande PP, et al. N Engl J Med 2013; 369:1306



Postulated explanations for an association between delirium and dementia

1. Delirium itself causes dementia

2. Delirium is a marker of vulnerability to dementia

3. Delirium is an intermediate factor in the development of dementia

Is there a Causal Link between ICU Delirium and Dementia?

Fong T, et al. Lancet Neurol 2015



Inouye and Ferrucci. J Gerontol A Biol Sci Med Sci 2006

Conceptual framework for exploring inter-relationship between delirium and long-term 
cognitive impairment and between delirium and acceleration of dementia



Girard TD,  et al. Lancet Respir Med 2018;6:213-22. 



Girard TD,  et al. Lancet Respir Med 2018;6:213-22. 

P=NS P=NSP=SP=SP=S

Adjusted for n=11 relevant 
baseline and daily variables 



eBioMedicine 2024;100:104942



eBioMedicine 2024;100:104942

Delirium and Coma-Free Days

P <0.0001 P <0.0001



eFigure 10. At 3- and 12-month follow up, all data-derived delirium subtypes were affected by clinically 
significant cognitive impairment. However, the severity of cognitive impairment was not different by 
subtype (3-month: p=0.26, 12-month: 0.80).

eBioMedicine 2024;100:104942
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Davidson JE, et al. Am Nurse Today. 2013;8(5):32-38.

ABCDEF Bundle Elements
Assess, Prevent and manage Pain

Both SAT and SBT

Choice of Analgesia and Sedation

Delirium: Assess, Prevent and Manage

Early Mobility and Exercise

Family Engagement and Empowerment



Pun B; Balas M; Barnes-Daly MA et al: Crit Care Med 2019

ICU Liberation Collaborative: SCCM and GBMF



Pun, B; Balas, M; Barnes-Daly, MA et al.  Crit Care Med 2019
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Results: Symptom-Related Outcomes

Pun B, et al. Crit Care Med. 2019; 47:3-14 

Dose



Does Daily Use of the ABCDEF Bundle 
Improve Long-Term Cognitive Cognition? 



Does Daily Use of the ABCDEF Bundle 
Improve Long-Term Cognitive Cognition?

Not Sure Yet……  
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Girard TD, et al. Lancet. 2008;371:126-134.

Outcome* SBT SAT+SBT P-value

Ventilator-free days 12 15 0.02

Time-to-Event, days

Successful extubation, days 7.0 5 0.05

ICU discharge, days 13 9 0.02

Hospital discharge, days 19 15 0.04

Death at 1 year, n (%) 97 (58%) 74 (44%) 0.01

Days of brain dysfunction

Coma 3.0 2.0 0.002

Delirium 2.0 2.0 0.50



Am J Respir Crit Care Med 2010;182:183-191



Non-sedation group
No sedation; IVP opioid prn for 

pain/agitation
Goal RASS=0

+ ABCDE bundle
N=354

Sedation group 
Continuous sedation to reach 

RASS=-3 to -2
0-48hrs = propofol; 
≥ 48 hrs midazolam 

+ ABCDE bundle
N=356 

Difference 

Days free from coma/delirium 
within 28 days, median [IQR]

27 [21-28] 26 [22-28] NS

Olsen HT, et al N Engl J Med 2020; 382:1103



Non-sedation group Sedation group Difference 
Cognitive Function* % N=42 N=47

Occurrence of Delirium in the ICU 29 (69%) 45 (96%) 0.002

Duration of Delirium in the ICU 1 [0,6] days 5 [2, 11] days < 0.001

Severe cognitive impairment 16 (38%) 17 (26%) NS

Evaluation of 6 month Post-ICU Cognition Between 
Non-Sedation and Sedation Groups

*baseline demographic parameters not different between two study groups 
% only 1 of the 8 Study Centers 

Nedergaard HK, Jensen HI, Stylsvig M, et al. Acta Anesth 2020; 64:1136
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Pandharipande P, et al Anesthesiology 2006; 104:21

Zaal I, Devlin JW et al. Intensive Care 2015; 41:2130

OR = 1.20 (95% CI 1.1, 1.4)
*per every 1mg of lorazepam

OR = 1.04 (95% CI 1.02, 1.05)
*per every 5mg of midazolam

Lorazepam

Midazolam

3 mg/hr = 72mg/24 hours

72/5 = 14.4 x 4% = 57.6%  
chance of having delirium the 
next day.



Choice of Sedative

Recommendation:
We suggest using either propofol or dexmedetomidine over 
benzodiazepines for sedation in critically ill mechanically 
ventilated adults (conditional recommendation, low quality of 
evidence).

Devlin JW, et al. Crit Care Med 2018; 46 (9); e825-873 



Dexmedetomidine
N=214

Propofol 
N=208

Difference 

APACHE-II 27 [21, 32] 27 [22, 32]

Medical 64% 65%

Moderate-Severe ARDS 26% 29%

Outcomes 

Days without delirium or coma at 14 d* 
median [95% CI]

10.7 [8.5, 12.5] 10.8 [8.7, 12.6] NS

Telephone Interview for Cognitive Status 
(TICS) at 6 mo.

40.9 [33.6, 47.1] 41.4 [34.0, 47.3] NS

RASS score while receiving study sedation -2 [-3 to -1] - 1.9 [-3 to -0.9] NS

Daily adherence to all ABCDE bundle elements 86% 85% NS

*Multivariable adjustment for n=16 variables
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Devlin JW, et al. Crit Care Med 2018; 46 (9); e825-873 



Girard TD et al. N Engl J Med 2018; 379:2506



Girard TD et al. N Engl J Med 2018; 379:2506



Lancet Respir Med 2014;12:599-607



Evidence: Sleep Promoting Protocol

Delirium prevalence: RR: 0.62; 95% CI, 0.42 to 0.91 (for n=3 before-after studies) 

Recommendation: 
We suggest using a sleep-promoting, multicomponent protocol in critically 
ill adults (conditional recommendation, low quality evidence).

Devlin JW, et al. Crit Care Med 2018; 46 (9); e825-873 
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Early Exercise and Mobility
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PT/OT with DSI n = 49
DSI alone n = 55

Schweickert WD, et al. Lancet. 2009;373(9678):1874-1882.

P = 0.02

P = 0.08
P = 0.02

P = 0.93



Early Rehabilitation and Mobilization

We suggest performing rehabilitation or mobilization in 
critically ill adults (conditional recommendation, low 
quality evidence).

Devlin JW, et al. Crit Care Med 2018; 46 (9); e825-873 



Lancet Respir Med 2023;11:563-72



Conclusions 

 ICU delirium (and its duration) is strongly associated with long-term 
cognitive impairment/dementia:
 Causal relationship not established 
 Patients with baseline dementia excluded from most studies
 Mechanisms not well-investigated

 While the ABCDEF bundle reduces ICU delirium, unclear if it 
improves long-term cognition

 Only one ICU intervention (mobility) shown to reduce ICU delirium 
has been rigorously shown to improve long-term cognition
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