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Objectives
• Describe best practices to minimize the incidence of 

postoperative cognitive dysfunction in the elderly. 
• Develop a plan to screen for patients at risk for 

postoperative cognitive dysfunction. 
• Synthesize the current evidence to create a holistic 

anesthesia plan of care for the elderly patient. 



Scope and significance
• 2030 projection: 72.1 million elderly 

citizens (or 19% of the US population)
• Census data show that the geriatric 

population is expected to grow to nearly 
30% by 2060

• Over half will have at least one surgical 
procedure in their lifetime

• 30–50% taking at least five different 
drugs per day









Physiology of aging
• Multifactorial; not fully understood

– loss of DNA repair mechanisms
– decrease of telomere length

Image: 10.1098/rsfs.2015.0079
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Neurological Changes with Aging



Our Dilemma
• Are anesthetics reversible neurotoxins?

– Likely “yes” in the population aged 3-60 years
– Less clear at extremes of age

• Those with mild cognitive impairment 
(perhaps subclinical) are at highest risk



Pathophysiology of PNDs 
• Postoperative Neurocognitive Disorders (eg. PNDs)
• Likely a constellation of interrelated variables 
• Exact mechanism unclear
• Multiple mechanisms proposed

– neuroinflammation after surgery 
– a failure to resolve inflammation 
– blood-brain barrier/endothelial dysfunction 
– loss of physiological reserve; pre-existing Alzheimer’s disease 

pathology
• Consider iatrogenic causes of delirium: infection; etc.



Pathophysiology of PNDs: Age-related 
Changes

• Less efficient oxidative phosphorylation
• Acquired mutations
• Protein accumulation (alphaBeta proteins and neurofibrillary 

tangles)
• Genetic predisposition
• Environmental stressors with free radical influence
• Reduced levels of free radical scavengers
• Microemboli (specific to the CABG population and especially 

the on-pump CABG)



Terminology
Postoperative Delirium-
DSM-V criteria exist

Postoperative Cognitive 
Dysfunction- no DSM-V criteria

Acute attentional deficit; change 
from baseline

Insidious

Fluctuating; transient; reversible Subtle symptoms; issues with 
memory and/or executive function

Hyperactive, mixed, or hypoactive Poorly defined criteria

24 to 72h after surgery Measured weeks to months after 
surgery



Fauja Singh

Image: https://www.mentalfloss.com/article/501356/10-impressive-
accomplishments-made-centenarians



Brain Health Initiatives: What is it?
• The possibility of POCD was first acknowledged by Bedford and 

colleagues in 1955
– Recent studies have only been prevalent since 1998
– Growing field with limited data and frequently conflicting studies

• Interventions aimed at optimal perioperative neurocognitive 
outcomes
– Goal: reduce the incidence of Perioperative Neurocognitive Disorders 

(PNDs) including postoperative delirium and postoperative cognitive 
dysfunction 

• Older adults (>65 years)
• Risk assessment and baseline functional status



Until we know more… “First, do no harm” 
• Add anesthesia to the cost side of “costs/ benefits” of surgery

– Especially in elective cases
• MINIMIZE Anesthetic depth and periods of EEG suppression
• Limit the duration of continuous anesthesia whenever plausible
• Consider the possibility the regional anesthesia with deep 

anesthesia may be as harmful as general anesthesia
• Preferentially choose regional anesthesia with light sedation 

when plausible



Screening



Informed Consent in the Older Adult
• Should neurocognitive risk be addressed?

– Current recommendations say ‘yes’ (Fifth International 
Perioperative Neurotoxicity Working Group)

• Patients may wish to make important decisions 
prior to surgery or delay such decisions after 

• Prehabilitation
• Ability to initiate planning for postop interventions 

to mitigate risk 



Risk Factors for PNCD
• Older age (>65)
• Pre-existing cognitive 

decline
• Sensory impairment
• Chronic medical co-morbidities
• Male sex
• Years of formal education?

• Medications: 
Benzodiazepine; 
meperidine; perioperative 
steroid administration; 
anticholinergic medications

• Postoperative mechanical 
ventilation

• Poorly controlled postop 
pain

• Deep sedation



Risk Factors for Cognitive Dysfunction 

age greater 
than 70 years alcohol abuse

abdominal 
aneurysm 
surgery

poor cognitive 
status

noncardiac 
thoracic 
surgery 

abnormalities 
of serum 
sodium, 

potassium, or 
glucose

poor 
functional 

status



Mini-Cog©Tool
• Step 1: Three Word Registration
• Step 2: Clock drawing; allow up to 3 

minutes
• Step 3 Three word recallScoring Results

Normal clock= 2 points 0-2 Higher likelihood of 
dementia

Word recall= 1 point per 
word

3-5 lower likelihood of 
dementia



AWOL Tool
• Four variables easily assessed on admission 
• Takes less than 2 minutes
• Independently associated with the development of 

delirium
• Easily remembered with the AWOL mnemonic: 

– Age 80 years
– unable to spell “World” backward
– not fully Oriented to place
– moderate or severe iLLness severity



Frailty Assessment Tools
• What is frailty?

– Decreased physiologic reserve; reduced resiliency
• More predictive than chronological age for M&M
• Increased vulnerability to physiological stressors
• 2 most common methods for assessment

– Both time consuming & resource intensive
– Frailty index (FI) (Rockwood et al.)  
– Frailty phenotype (Fried et al.) 

• FRAIL scale- easier to implement



Age-related changes

Image DOI:10.1097/ACO.0000000000000135



Frailty trumps physiological age
• Calendar age is not extremely helpful to estimate 

physiological functions
• Frailty is a major risk factor for increased 

mortality after surgery
• Frail have even lower muscle mass & higher fat 

content v. non-frail (sarcopenic obesity)



FRAIL Scale
• Fatigue: Are you fatigued? (yes=1 point)
• Resistance: Can you walk up one flight of stairs? (no=1 point)
• Aerobic: Can you walk more than a block? (no=1 point)
• Illnesses: Do you have more than five illnesses? (yes=1 point)
• Loss of weight: Have you lost more than 5% of your weight in the 

past 6 months? (yes=1 point)

• Scoring: ≥3 points=frail; 1–2 points=prefrail; 0 points=robust



Other Frailty Scores
 The Physical Frailty 

Phenotype 
 Characterized by 5 clinical 

features:
 Lean body mass
 Grip strength 
 Endurance
 Walking speed 
 Physical activity 

 Frail = 3 or more features   
 Pre-Frail = 1 or 2 features    
 Non-Frail = No features

 The Deficit Accumulation Index 
(The Frailty Index)
 Originally 70 items 
 Shorter version explored- Modified 

Frailty Index 
 5-factor predictive index 

 Diabetic status 
 H/O COPD or current pneumonia
 CHF
 HTN requiring meds
 Non-independent functional status 



Pharmacologic 
Interventions



Summary: PK/ PD
• Pharmacokinetics and pharmacodynamics are significantly 

different when compared with younger and middle-aged adults



General Pharmacological Principles

• Avoid polypharmacy
– Keep drug regimen as simple as possible

• Consider GFR in dosing 
– Reduce dose of Gabapentin in GFR <60; avoid in ESRD

• Use multi-modal pain management 
– Opioid-sparing
– Adjuncts to consider: acetaminophen, lidocaine infusions, regional & 

neuraxial anesthesia
– Consider cognitive safety profile alongside other risks (e.g. risk of 

bleeding & AKI with NSAIDs)



General Pharmacological Principles

• No specific anesthetic or pharmacological agent with 
sufficient evidence of risk mitigation

• Volatile agents vs. TIVA
– Important to monitor age-adjusted MAC with volatiles

• Ketamine: PODCAST trial
• Dexmedetomidine
• PONV Management



Medications to Avoid:  Central Anticholinergic Effects

Category Examples
First-generation antihistamines Diphenhydramine, 

Dimenhydrinate, 
Hydroxyzine, 
Meclizine

Phenothiazine-type antiemetics Promethazine; 
Prochlorperazine

Antispasmodics/anticholinergics Atropine; Scopolamine

Skeletal muscle relaxants Cyclobenazaprine



Other Medications to Avoid
Drug Effect
Meperidine Neurotoxic effects
BZDs Risk of cognitive impairment, 

delirium
Metoclopramide Extrapyramidal effects
H2 Antagonists: Rantidine Risk of cognitive impairment, 

delirium
Antipsychotics:1st & 2nd Gen: Haloperidol Risk of cognitive impairment, 

delirium, neuroleptic
malignant syndrome, tardive 
dyskinesia

Corticosteroids: Dexamethasone 
(especially >4mg IV); Hydrocortisone

Risk of cognitive impairment, 
delirium; psychosis



Propofol
• At least ~20% reduction in the 

induction dose.
– Up to 50% reduction

• Propofol maintenance infusion rates 
are only slightly decreased

• Onset time may be slower
• Time to maximal cardio-respiratory 

depression be delayed
• Greater reduction in blood pressure 

expected
• Current practice suggests that we 

tend to overdose elderly patients



Midazolam

• Elderly are MUCH more sensitive than younger 
individuals

• Duration of action is much longer 
• Might contribute to postop delirium
• Midazolam hydroxymidazolam (active 

metabolite)excreted by kidneys
• A 75% reduction in dose from a 20 y/o to 90 y/o is 

recommended



Opioids
• Pharmacodynamic changes are present within the opioid receptor

• increased sensitivity to opioids
• Pharmacokinetic changes

• opioid metabolism impacts the choice of opioids used in the elderly
• Fentanyl/remifentanil: 50% reduction for bolus infusion rates, age>80 

– Remifentanil infusion rates should be reduced to about one third that of younger patients
• Morphine, hydromorphone, meperidine: reduced doses because of concern 

over active metabolites



Dexmedetomidine 

• Highly selective alpha 2 adrenoreceptor 
agonist

• Anxiolysis, sedation, modest analgesia
• Minimal respiratory depression 
• Sedative & hemodynamic effects 

pronounced 
• Residual sedation can be pronounced in 

elderly



Kane Tanaka
Asked these questions when she 
was 116 years young: 

• What is the secret to living 
so long?

– “Being myself,” she said.

• Happiest moment?
– “Now!”

• Best diet for staying 
healthy?

– “Appreciate anything I eat.” She had 
developed a taste for chocolate and 
Coca-Cola on an American military base 
and consumed fizzy drinks for a half-

https://www.nytimes.com/2022/04/27/world/asia/kane-tanaka-japan-worlds-
oldest-person.html



Non- Pharmacologic: 
Technique & Monitoring



Non-Pharmacological
• Prehabilitation

– Sleep hygiene and nutrition optimization pre-op
– Incentive spirometry, increased protein intake, adding exercise to their daily 

routine
• Hospital Elder Life Program (HELP)

– somebody by a patient's bedside after surgery who can orient them to time 
and place 

– giving them sips of water
– retrieving hearing aids and eyeglasses as soon as possible 
– spending time with patients

• Glycemic control?
• Avoidance of hypothermia?



Hospital Elder Life Program (HELP)
• HELP, developed in 1993 

– Evidence-based, multicomponent strategy to prevent functional and 
cognitive decline in older persons

– Adaptable; cost- saving
• Hshieh (2018) performed a quantitative meta-analysis of 14 

HELP studies 
– Significant reduction in delirium and falls
– Nonsignificant trends for reduced length of stay and institutionalization
– http://www.hospitalelderlifeprogram.org/

http://www.hospitalelderlifeprogram.org/


HELP Program
• Involves: 

– Communication to re-orient to surroundings
– Cognitive stimulation three times a day (current events; etc)
– Sleep hygiene protocol
– Early mobilization
– Vision and hearing protocol (early return of hearing aids and glasses)
– Dehydration prevention

• Other interventions: 
– Prevent urinary retention due to medications
– Early removal of lines (IV; foley)
– Avoid physical restraints



Spinal and Epidural 
• Higher risk of hypothermia 

during neuraxial anesthesia 
• Lower risk of post-dural

puncture headache
• Increased sensitivity to local 

anesthetics
• Prilocaine may be 

associated with urinary 
retention and a longer 
discharge time.

• Decreased area of the 
epidural space

• Increased spread of local 
anesthetic 

• Increased levels of 
analgesia after spinal or 
epidural block

• Decrease dosing



Pain and Nausea 
• Ten-fold less likely to complain of pain, 

shivering, and agitation
• Four-fold less likely to develop PONV



Monitoring
• Accurate and timely blood pressure monitoring
• Brain monitoring: processed electroencephalogram

– Bispectral Index (BIS) monitor (Medtronic/Covidien, USA)
• Most frequently studied in trials evaluating impact on PNCD

– Others: SEDline monitor (Masimo Corporation, USA); GE Datex-Ohmeda Entropy 
(GE Healthcare, USA); Narcotrend Compact M (Narcotrend-Gruppe, Germany); 
SNAPII (Everest Biomedical Instruments, USA)

• Unprocessed EEG
• Cerebral/ somatic oximetry
• Age adjusted end-tidal MAC fraction 



Anesthetic-induced hypotension
• Decreased baroreceptor reflex activity 
• Reduced sensitivity to b-adrenergic 

agonists
• Reduced renin-angiotensin function and 

antidiuretic hormone production



Blood Pressure
• Hypotension is associated with increased 

incidence of delirium and POCD
• Consider right shift in cerebral autoregulatory 

curve in chronic hypertension
• Consider head height relative to the blood 

pressure monitoring site when determining 
target blood pressures intraoperatively 



EEG Guided Anesthesia Administration

• Can we target BIS™ to reduce the incidence of 
postoperative delirium (PD) & postoperative cognitive 
dysfunction (POCD)?

• Burst suppression should be avoided to reduce the 
incidence of PD

• Raw EEG interpretation by skilled anesthesia providers 
may have future promise (www.icetap.org)



Cerebral Oximetry
• Near-infrared spectroscopy (NIRS) can be used as 

a real time surrogate measure of cerebral 
perfusion and measure regional cerebral oxygen 
saturation

• Non-invasive, requires minimal expertise, provides 
continuous output

• Several studies have shown that reduction in NIRS 
readings intraoperatively lead to increased rates of 
PND but there is also conflicting data 



Age and MAC

Image DOI:10.1097/ACO.0000000000000544



Postoperative Management 
Pain control 

 Challenging in elderly 
 American Geriatric Society- comprehensive guidelines/framework 
 Cognitive status impacts approach 

Beer’s Criteria (meds that should be avoided):
 Meperidine 
 Transdermal fentanyl 
 Agonist-antagonist opioids (Buprenorphine, Nalbuphine)
 Methadone 



Florence “SeeSee” Rigney



Advice from centenarians
• Beryl Netto from New York thought that eating puréed prunes and 

exercising every day were the keys to success. 
– She even continued to do light exercise for a half-hour before going to bed 

when she was 99.
• Mary Francis Carruba, who was 99 in 2015, said not being an 

overachiever was her key.
– "I was always a lazy bird," she said. "That's the secret to living longer — be lazy.”

• New York City native Helen "Happy" Reichert, who turned 108 in 
2010, said that she hates salads, vegetables and getting up early. 

– Instead, she loves to indulge in rare hamburgers, chocolate, cocktails and enjoying the 
nightlife.



Summary
• Complex interplay of multi-dimensional factors
• Older patients should be informed of the risk of PNCDs
• Pre-op assessment of baseline cognitive dysfunction and frailty 

should be a component of pre-anesthesia workup
• Non-pharmacological strategies such as the HELP program can 

make a difference 
• Pharmacological strategies center on avoiding agents known to 

precipitate delirium but no anesthetic technique is superior
• Monitoring the target organ of anesthesia (the brain) along with 

perfusion may be an essential component in an overall brain health 
initiative 
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