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Most anesthesiologists are geriatric anesthesiologists!

Realities for the Practicing Anesthesiologist

• More than 35 million people in U.S. are > 65

• All Geriatric Patients are not Created Equal!

• They account for almost half of hospital care 
days

• 25-35% surgical cases



Basic knowledge about the physiology of elder patients

Considerations:
• Cardiovascular function
• Respiratory function
• Airway Management
• Pharmacokinetics
• Body temperature regulation
• Intraoperative management
• General versus Regional anesthesia
• Postoperative complication
• Mental function



People age at different rates:
Organ Function



Organ Functional Reserve:
Safety Margin of Organ Capacity



CV Changes with Aging

• Connective tissue changes

• Loss of elasticity

• Loss of SA node cells, slowed conduction

• Myocyte death without replacement

• Decreased response to beta-receptor stimulation



Arterial Stiffening and
Decreased Venous Compliance

• Reflected pressure from “stiffened arteries” increases pressure in aortic 
root during late systole.     Increased SVR
• Leads to ventricular hypertrophy, impaired diastolic filling

• Veins, like arteries, stiffen with age
• Stiff veins are less able to “buffer” changes in blood volume
• Volume shifts cause exaggerated changes in cardiac filling pressure

• Peripheral vasoconstriction
– Enhanced sympathetic nervous system activity at rest
– More prone to hypotension with loss of sympathetic tone



Myocyte Death

• Cardiac muscle cells die over time

• Remaining cells do not divide in adequate numbers in adulthood

• Remaining cells hypertrophy to compensate

• Another cause of ventricular hypertrophy

• Ventricular contraction Slows with Aging

• Ventricle may not be fully relaxed during beginning of diastolic filling phase

• Result:  Early diastolic filling is impaired





Dependence on High Filling Pressure

Frank-Starling Curve
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Consequences of Delayed Relaxation

• Late diastolic filling depends on high left atrial 

pressure and atrial kick
• Tachycardia and atrial fibrillation not well tolerated

• Narrow range between inadequate filling pressure 
and fluid overload

• Diastolic dysfunction may be the most common 
cause of heart failure in > 75 y/o



Can the Elderly Heart Increase Output?

Decreased Beta-Receptor 
Responsiveness

Diminished increase in heart rate 
with stress

Reduced maximum heart rate

Increase their stroke volume

From increase in end diastolic 
volume



Response to Anesthesia

• Anesthetics can:

–Remove sympathetic tone

–Dramatic when baseline tone is very high

–Directly depress heart and  vascular smooth muscle

–Diminish baroreceptor reflexes

• Changes in sympathetic tone from

⚫waxing and waning surgical stimulus

⚫variable depth of anesthesia

• Changes in patient’s volume status

• Results in LABILE BLOOD PRESSURE !





Aging and Respiratory Function



Lung Volumes:
Vital capacity (the exchangeable lung volume) is markedly compromised by 
decreased thoracic (extrinsic) elasticity and loss of ventilatory muscle power. 

Residual volume increases because intrinsic lung elastic recoil is reduced.

Barash: Clinical Anesthesia 

• Decreased thoracic elasticity

• Decreased strength and endurance of 
respiratory muscles

FRC increases modestly
Residual volume increases at the expense of respiratory reserve volume
Vital capacity becomes significantly compromised 

Closing volume and closing capacity also increase until FRC is affected  
Therefore, small airways close even during tidal breathing



Decreased Efficiency of Gas Exchange

• Airways are NOT held open
• Breakdown of elastin connections between connective tissue and alveolar tissue

• Results in poor tethering of lung tissue to airways and other lung tissue

• Increases:
• Shunting

• Dead space

Barash: Clinical Anesthesia

Increased Shunt



Explains Effect of Age on PaO2



Pre-oxygenation
Takes longer in elderly than in healthy young patients!

Airway Management: Changes with Aging

• Stimulus threshold for vocal cord closure is increased

• Increased risk of aspiration!

Arthritic Changes:

• Decreased cervical spine and neck mobility

• Smaller mouth opening

• Smaller glottic opening

• Smaller endotracheal tube ?

Fragile teeth



Remember…• Airway management may be more 
difficult

• Prone to airway collapse  (risk of 
atelectasis or pneumonia)

• Higher work of breathing (risk of 
hypercarbia)

• Lower blood oxygen levels up to 
hypoxia
(greater need for supplemental 
oxygen)

• After leaving PACU, hypoxia more 
likely

• from residual drug/CNS effects



Hepatic system

Age-related declines in 

• hepatic mass and function (secretory, synthetic, detoxification) 

• decreased hepatic blood flow

• result in slower metabolism of most IV drugs used in anesthesia 

• Decreased albumin levels may result in larger free-drug 
concentrations of highly protein bound drugs such as propofol.

Perioperative drug therapy in elderly patients.

Rivera R, Antognini JF

Anesthesiology. 2009;110(5):1176.

Aging biology and geriatric clinical pharmacology.

McLean AJ, Le Couteur DG

Pharmacol Rev. 2004;56(2):163.



Renal system

Aging causes a variable decline in 

• glomerular filtration rate

• creatinine clearance

• renal functional reserve 
• that may be underestimated by the serum blood urea nitrogen and creatinine alone

• The plasma concentration of renally excreted IV agents may be increased

• Comorbidities common in older adults (eg, diabetes, hypertension, and 
vascular disease) can cause further decline in renal function

• Finally, the older kidney is more prone to nephrotoxic effects of IV contrast 
or medications such as nonsteroidal anti-inflammatory drugs



Temperature 
Regulation

• Elderly prone to both hypo-, hyperthermia

• Lower body metabolism

• Decreased ability to change skin blood flow (less able to hold or get rid of heat)

• Hypothermia

• Shivering increases metabolic demand

• Increased risk of myocardial ischemia



Volume of drug distribution

• Decreased total body water

• Increased adipose tissue 

• changes in the volume of distribution 

• Decreased clearance of many anesthetics and other drugs 

• Thus, the effective concentration of anesthetic induction agents such as 
propofol is increased, due to a smaller initial volume of distribution 

• Increased body fat also results in a prolonged effect of lipid-soluble drugs 
(Volatile for example) due to slow release from the relatively large adipose 
reservoir

ALL of these INCREASE target organ levels!

The pharmacology of anesthetic drugs in elderly patients.

Shafer SL

Anesthesiol Clin North America. 2000;18(1):1.



Increased Brain Sensitivity

• Elderly brain is more sensitive to a given CNS level of a drug

• Pharmacodynamic sensitivity increases with age for all intravenous 
(IV) agents that act within the central nervous system (eg, propofol, 
fentanyl, and MDZ).

• Furthermore, there is an age-related decrease in the minimum 
alveolar concentration (MAC)

• Mechanism ??



Bolus Drug Strategy for the Elderly:

• GO LOW !

• GO SLOW !

• You can always give more!



“Pure Clinical” part of the our discussion
From textbook to “New Horizons”



• Doctor-Patient relation

• Competency

• Sharing Responsibility

• Multidisciplinary Medical Perspective

AGE – Anesthesia Geriatric Evaluation

AGE is still a paternalistic process of a 
multidisciplinary team with a medical 
perspective.

2019



Sedation in an elderly

• The variability in 
pharmacodynamics and kinetics 
is high; usually, smaller doses are 
needed for clinical effect 
compared to the adult 
population, and the duration of 
action is prolonged. There fore 
dosing  should be carefully 
titrated by the principle: “start 
low – go slow” P.A. Schofield,

,Anaesthesia 69 (2014) 54–60. 



Procedural sedation of elderly patients 
a safety analysis of 740 patients.

British Journal of Anaesthesia
Volume 121, Issue 6, December 2018, Pages 1236-1241

• We observed safe sedation practice in this high-risk group of patients. >75y old

• A sentinel adverse event rate of 2.6% including a hypoxemia rate of 0.5%, with 
no adverse outcomes sets a benchmark for elderly sedation. 

• We recommend quality pre-oxygenation

• An initial propofol bolus of no more than 0.5 mg kg−1

•EtCO2 monitoring

https://www-sciencedirect-com.szmc-ez.medlcp.tau.ac.il/science/journal/00070912
https://www-sciencedirect-com.szmc-ez.medlcp.tau.ac.il/science/journal/00070912/121/6


The Elderly Brain

Comparison of brain images from a young and an elderly ...



CNS Structural Changes

• Brain mass decreases with corresponding  decreased cerebral blood flow

• Blood–brain barrier (Inflammation, CVD, Hyperlipidemia, DM, HTN)

• Decreased receptors

• Acetylcholine

• Cholinergic neurons in the basal forebrain regulate normal memory

• Dopamine

• Norepinephrine

• Cognition (after 60 y old)

• Cognitive reserve 



Postoperative Cognitive Disorders

• Delirium (24-48-72h)

• Mild neurocognitive disorder – Post Operative CD

• Dementia (rare)
• Multiple cognitive deficits 
• Impairment in activities of daily living



Postoperative Delirium

• Most common form of perioperative CNS dysfunction

• Acute confusion, decreased alertness, misperception

• Patient may show agitation or withdrawal

• Twice as common in the elderly
• 10-15% of elderly surgical patients

• 30-50% if undergoing cardiac or orthopedic surgery

• Seen after general or regional anesthesia

• Results in prolonged hospital stay and protracted 
postoperative care



Postoperative Delirium:
Predisposing Factors

• Drug withdrawal
• Use of benzodiazepines, tricyclic antidepressants

• Alcohol abuse

• Drug interactions
• Anticholinergics, etc.

• Pre-existing depression or dementia

• Metabolic disturbances (Glucose; Na and many others )



Can Postoperative Delirium be Prevented?

• Marcantonio (2001) - Reduced postoperative 
delirium by 1/3 in hip fracture patients
• Minimized benzodiazepines, anticholinergics, 

antihistamines, meperidine

• Maintained BP greater than 2/3 of baseline

• Maintained O2 saturation > 90%

• Maintained Hct > 30%

• Mobilized patients ASAP

• Provided appropriate environmental stimulation



Common & Treatable Causes of Postoperative Delirium

• Hypoxemia

• Hypercarbia

• Hypotension (>60 MAP)

• Pain

• Sepsis

• Metabolic

The multifactorial aetiology of POD appears amenable to 

improvement by using multi-domain interventions, including 

BIS-guided depth of anaesthesia monitoring combined with 

cerebral oxygen saturation monitoring , and proactive, 

multidisciplinary assessment, goal-directed optimisation of 

oxygen delivery, blood volume and serum electrolytes, and non-

pharmacological support, including early mobilisation and sleep 
facilitation.

Anaesthesia. 2014 January 



There was a clinically and 
statistically significant 
reduction in the incidence of 
delirium in patients treated 
with a care bundle. 

2019



Management of Postoperative Delirium

• Identify cause if possible

• Maintain or restore:

• Adequate oxygenation and ventilation

• Normal hemodynamics

• Normal metabolic state

• Drugs

• Haloperidol (if not contraindicated - i.e. Parkinson’s 
Disease)

• Benzodiazepines - if alcohol or sedative withdrawal

• Restraints - to prevent injury



Intraoperative BIS-monitoring

• Conclusion: BIS-guided anesthesia was associated with redused
anesthesia exposure, early postoperative recovery, oriented function 
and reduced postoperative delirium. (BIS 40-60)

2018



Will surgery sap my brain power?

Tim Hasledon takes a postoperative cognition test in an Ontario, Canada, hospital as part of a 

study to compare mental status before and after a surgery.      May. 31, 2017 , 9:00 AM



Anesthetic agents work on

• Postsynaptic ligand-gated ion cannels 

• Excitatory receptors

• GABA

• Alpha-2 

• N-m-D-a   

• Acetylcholine

• Adenosine

• Dopamine

Inhalation – 4-5 together



• Surgery and anaesthesia exert comparatively greater adverse effects 
on the elderly than on the younger brain.

• Manifest by the higher prevalence of postoperative delirium and 
cognitive dysfunction.

• Postoperative delirium and cognitive dysfunction delay rehabilitation, 
and are associated with increases in morbidity and mortality among 
elderly surgical patients. 



Is anesthesia harmful for elderly patients? 

• It is difficult to attribute cognitive changes to anaesthetic drugs per 
se. 

• Neurophysiological and anatomical changes are relevant to the 

understanding of post-operative cognitive dysfunction in 
the ageing brain, but numerous other factors are involved, including

• surgical stress

• inflammation

• pain

• co-morbidities 

• phenotypic trajectory of a patient’s cognitive decline with age. 



Postoperative Cognitive Dysfunction (POCD)

• Deterioration of intellectual function presenting as impaired memory or concentration.

• Not detected until days or weeks after surgery

• Duration of several weeks to permanent

• Diagnosis is only warranted if:

• corroborated with neuropsychological testing and evidence of greater memory loss 
than one would expect due to normal aging



POCD

Multifactorial

• Pre-existing cognitive dysfunction

• Complexity and duration of surgery

• Micro emboli

• Inflammation

• Stress, social isolation, immobility

• Can lead to an abrupt decline in cognitive 
function

• Ultimately

• Loss of independence

• Withdrawal from society

• Death





Geriatric population is at significantly increased risk of 
respiratory failure in the postoperative setting!

Neuromuscular monitoring!!!

Sugammadex!!!



Regional anesthesia in an elderly

Spinal Anesthesia
US assisted
Low dose

Continuous Spinal



Regional versus General for POCD

• 1819 patients

• Age ~78y

Conclusion

• Patients After RA 
experience decline of 
global cognition similar to 
those receiving GA

• Memory was not affected

2019



• 29 RCT

• 10488 after TKR

Outcomes:

• MI

• Thrombosis

• OR and PACU time

• Blood products






