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Prologue



Prior to General Anesthesia
"1753 Traversi Operation anagoria" by Gaspare Traversi - anagoria. Licensed under Public Domain via Commons -

https://commons.wikimedia.org/wiki/File:1753_Traversi_Operation_anagoria.JPG#/media/File:1753_Traversi_Operation_anagoria.JPG



A Promethean Event

“The crucial spark of transformation — the moment that changed not 
just the future of surgery but of medicine as a whole — was the 
publication on November 18, 1846, of Henry Jacob Bigelow’s 
groundbreaking report, ‘Insensibility during Surgical Operations 
Produced by Inhalation’”

Gawande A. Two hundred years of surgery. N Engl J Med. 2012 May 3;366(18):1716-23.



Brandt AM. N Engl J Med 2012;366:1-7.

Painting by Robert Cutler Hinckley
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“Pragmatic clinical trials are performed in real-world clinical settings 
with highly generalizable populations to generate actionable clinical 
evidence at a fraction of the typical cost and time needed to conduct a 
traditional clinical trial. They present an opportunity to efficiently 
address critical knowledge gaps and generate high-quality evidence to 
inform medical decision-making.”

https://rethinkingclinicaltrials.org/
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Aim and Elements of CER

• The aim of CER is to improve decisions that affect medical 
care at the levels of both policy and the individual. 

• The key elements of CER are 
(a) head-to-head comparisons of active treatments, 
(b) study populations typical of day-to-day clinical practice, 
(c) a focus on evidence to inform care tailored to the characteristics 

of individual patients.

Sox HC, Goodman SN. The methods of comparative effectiveness research. 
Annu Rev Public Health. 2012 Apr;33:425-45.



Objectives
We designed the pragmatic Electroencephalography Guidance of 
Anesthesia to Alleviate Geriatric Syndromes (ENGAGES) trial to investigate 
whether minimizing anesthetic administration and electroencephalogram 
suppression during surgical anesthesia would 

- Decrease the incidence of postoperative delirium.
- Secondary outcomes were quality of life, functional status, and 

postoperative falls, assessed one month after the procedure. 
- Safety considerations were undesirable intraoperative patient 

movement, hypotension, and intraoperative awareness.



A Dash of Delirium

Delirium is a pathophysiologically obscure, 
underdiagnosed, common, and serious neurological 
complication of surgery. 

The field of anesthesiology should therefore 
prioritize its prevention, diagnosis, and treatment, 
while concurrently investigating its underlying 
mechanisms.

Mashour and Avidan. Anesthesiology. 2014;121(2):214-216. 





~25% to 50% of older adults experience 
delirium after major surgery. 

The number is even higher for ICU patients. 

Rudolph JL. Circulation 2009;119(2):229-36. 
Robinson TN. Annals of surgery 2009;249(1):173-8. 

Robinson TN. American journal of surgery 2008;196(5):670-4.  









Deliriogenicity of Deep Anesthesia



Brain Monitoring

Kertai MD, Whitlock EL, Avidan MS. 
Anesth Analg. 2012 Mar;114(3):533-46.



Anesthesia & Analgesia. 118(4):809-817, April 2014.

Meta-analysis of randomized controlled trials assessing postoperative delirium with intraoperative Bispectral Index (BIS) 
guidance of anesthesia compared with an alternative approach (i.e., usual care or an alternative protocol). Odds ratios 
<1 favor BIS guidance.



Burst Suppression

With very deep general anesthesia burst suppression occurs, which is 
characterized by periods of suppression lasting seconds to minutes, 
punctuated with bursts of high voltage electrical activity over a few 
seconds. 

Ching S et al. PNAS 2012;109(8):3095-100.
Lewis LD et al. Brain 2013;136(Pt 9):2727-37.



20 Minutes



EEG suppression predicts delirium

χ2(4) = 25, p < 0.0001

Anesthesia & Analgesia

Postoperative delirium was observed in 162 (26%) of 619 
patients assessed. Burst suppression predicted delirium after 
adjusting for potential confounders (odds ratio for log(EEG 
suppression) 1.22 [99% CI 1.06 to 1.40, p = 0.0002] per 1-
minute increase in suppression). 



Typical Anesthesia: 
burst suppression  

is unlikely

Postoperative 
delirium is unlikely 

whether or not 
there was burst 

suppression

Postoperative 
delirium is likely 
whether or not 
there was burst 

suppression

Typical Anesthesia: 
burst suppression  

is likely







Time to Mortality (up to 1 yr follow-up)
(Log-Rank Tests)

All patients (prior to matching):
Green curve vs blue curve

Shorter time to death:
Log-Rank x2(1) = 14.09, p < 0.001

Matched cohorts:
Green curve vs pink curve

No difference:
Log-Rank x2(1) = 2.13, p = 0.14



Murderer, Mediator or Mirror? 









Patient Centered

Outcomes patients care about:
• Delirium
• Falls
• Quality of Life

Active patient involvement:
• Home safety assessment
• Patient self-assessment
• FAM-CAM
• PROs



Efficient











BMJ Open. 2016 Jun 15;6(6):e011505.





Challenges

• Representative enrollment
• Baseline Assessment
• Altering anesthetic management
• Avoiding trial-related temporal change in practice
• Home safety intervention
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Effect of Electroencephalography-Guided Anesthetic Administration on Postoperative Delirium Among Older 
Adults Undergoing Major Surgery: The ENGAGES Randomized Clinical Trial



EEG Guidance is Good EEG Guidance is Bad

OR = 1.18 (95% CI, 0.91 to 1.53)
RR = 1.13 (95% CI, 0.93 to 1.38)





This analysis was conducted using OpenMetaAnalyst. It is a binary, random effects, Hartung-Knapp-Sidik-Jonkman model.

The I2 = 74%, tau2 = 0.08, Q(df=3) = 13.234, and heterogeneity P-value = 0.004. 

The estimated OR for delirium with EEG-guided anesthesia = 0.764 (95% CI, 0.549 to 1.061, P=0.108). 

Meta-analysis summarizing 4 trials in which the intervention group received 
EEG-guided anesthesia





Awareness

MovementMAC – Asleep
MAC - Awake

MAC – Movement



Preponderance of Evidence

Red Herring

Deep anesthesia is in the dock

Fragility Index = 5
HUGE Difference







Br J Anaesth. 2019 Apr;122(4):421-427.

Biological 
Plausibility?



Br J Anaesth. 2019 Apr;122(4):421-427.



Nature. 2018 Dec;564(7734):7.



Based on the evidence prior to ENGAGES, what was 
the probability that avoiding intraoperative burst 
suppression decreases postoperative delirium? 

A. <1%

B. ~5% (big effect)

C. ~50% (small effect)

A. >90%



Based on the evidence prior to ENGAGES, what was 
the probability that avoiding intraoperative burst 
suppression decreases postoperative death? 

A. <1% (any effect)

B. ~5%

C. ~50%

A. >90%



Nuzzo R. Scientific method: statistical errors. Nature. 2014 13;506(7487):150-2.





Limitations of ENGAGES

• Too small
• Single center
• Insufficient change in practice
• The wrong EEG signal
• Not enough at-risk patients enrolled



ENGAGES - Canada

• Same size (1,200)

• Four centers

• Change in practice?

• The same EEG signal

• Only older cardiac surgery patients enrolled

ClinicalTrials.gov Identifier: NCT02692300
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