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KEY POINTS

� Perioperative physicians should be aware of the physiologic changes with aging to avoid
overdose and risk of toxicity.

� Perioperative physicians must be vigilant to the development of postoperative cognitive
delirium and judiciously administer anesthetic agents in the perioperative period.

� Perioperative physicians should use a tailored approach to the anesthetic dosing of drugs
because of the heterogeneity of the geriatric population.
PHARMACOLOGIC CONSIDERATIONS OF ANESTHETIC AGENTS IN GERIATRIC PATIENTS

Vigilant perioperative physicians must be cognizant of the aging population presenting
for anesthetic care. Because of an increase in life expectancy coupled with improved
treatments for chronic disease states, the elderly population is increasing. By 2030,
20% of the population will be older than 65 years; by 2050, 31 million citizens will
be more than 80 years old.1 Because elderly patients are 4 times more likely to
undergo surgery than their younger counterparts, more procedures requiring anes-
thetics will result.2,3

Significant concerns for anesthesiologists include the development of delirium and
postoperative cognitive dysfunction (POCD).4,5 POCD and delirium are always risks in
geriatric patients in the perioperative period, which mandates careful assessment of
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anesthetic choices and an appreciation of the pharmacokinetics and pharmacody-
namics of agents.6,7

Physiologic changes present in the aging population versus younger patients
require perioperative physicians to be aware of the nuances of anesthetic drugs
in an effort to provide an effective and structured approach to the management
of geriatric patients. Age alters the pharmacokinetic and pharmacodynamic aspects
of anesthetic management. The functional capacity of organs declines and coexist-
ing diseases further contribute to physiologic decline. Awareness of age-related
changes by anesthesiologists is of particular importance because of the presence
of polypharmacy in elderly patients.8 Because of the multiple drugs, which may
act synergistically or at cross-purposes, the risk of adverse effects is heightened
in the elderly population. It is estimated that more than 90% of persons more
than 65 years of age use at least 1 drug, 40% take 5 or more drugs per week,
and 12% use 10 or more drugs per week.9,10 As a result of the potential for
multiple drug interactions, a careful titration of drugs in the perioperative setting is
mandated.
PHYSIOLOGIC CHANGES IN GERIATRICS

Geriatric patients share more in common with the pediatric population than
younger adults because of the physiologic changes that occur in the life cycle. In
general, aging is characterized by decreased reserve in organ structure and function
with an increase in disorders and a decrease in homeostatic mechanisms for
combating illnesses.11 However, there is no such concept as the typical geriatric
patient. This heterogeneity mandates that anesthesiologists determine where an
elderly patient is on the spectrum of remarkably fit to critically ill. The changes occur-
ring as a result of aging affect every organ system and deserve consideration
(Table 1).
Table 1
Aging effects on organ systems/body composition in geriatric patients

Organ System Effect

Body composition Increased total body water: increased initial plasma volumes for
bolus doses

Reduced lean mass: reduced Vd of hydrophilic drugs
Increased adipose tissue: increased Vd for lipophilic drugs and

prolonged elimination

Renal Decreased function
Decreased renal blood flow
Reduced clearance/higher serum drug levels

Hepatic Decreased function/blood flow
Decreased phase I (P450 enzyme) reactions
Increased drug levels

Neurologic Cognitive decline
Decreased nerve conduction velocity
Increased sensitivity to sedatives, hypnotics, opioids

Cardiac Reduced cardiac output
Increased systemic vascular resistance
Reduced beta-receptor responsiveness

Abbreviation: Vd, volume of distribution.
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Body Compositional Changes

Geriatric patients develop a loss in muscle mass with an increase in adipose
tissue.12,13 As a result, patients show an alteration in the volume of distribution
(Vd) of anesthetic agents. The decline in muscle mass may not be readily evident
because patients may have a normal creatinine value on laboratory results because
of alterations in renal structure and function.14 In contrast, there is a 20% to 40% in-
crease in body fat with aging, which causes lipophilic agents to have a higher Vd. The
net pharmacologic effect is prolonged drug action with fat-soluble agents (intrave-
nous anesthetics).
Importantly, elderly patients also have a reduction in total body water. By age

75 years there is a 20% to 30% decline in both plasma volume and intracellular
volume. The pharmacokinetic consequence of this change is a reduction in the central
compartment in addition to a significant decrease in the central Vd. The net effect is a
higher peak serum concentration after a bolus administration of a drug. Also, for hy-
drophilic agents, the plasma concentration of the agent is higher in the elderly popu-
lation than in younger patients.15

The increased initial concentration from a bolus dose causes predictable, undesir-
able clinical effects. When induction doses are not reduced, exaggerated and pro-
longed hypotensive responses should be expected, especially with propofol.16

Furthermore, increased initial drug levels in the central compartment, when coupled
with increased circulation times from reduced myocardial performance, increase the
likelihood of greater drug sensitivity and risk of toxicity.
Neurologic Structural and Functional Changes

Neurologically, there is a decrease in cerebral volume, oxygen consumption, blood
flow, and blood-brain barrier permeability with aging. Losses occur in both gray and
white matter, amounting to an almost 30% loss of brain mass by 80 years of age
versus younger patients.17 Findings suggest that, after 40 years, the volume and
weight of the brain decline by nearly 5% per decade, and the losses accelerate
once the brain reaches 70 years of age. Gender also plays a role: cerebral atrophy
in men starts earlier, but develops more rapidly in women.18

The neuraxial space is also altered, with a reduction in cerebrospinal fluid volume, a
decrease in the size of the epidural space, and an increase in dural permeability.
Myelinated nerves have less myelin and also are decreased in quantity in dorsal
and ventral nerve roots.3,17,19 The net result of these changes is a decreased require-
ment for intravenous agents and local anesthetics, along with a lesser concentration of
volatile anesthetic to achieve a desired clinical effect.
Neural processes and neurotransmitter quantity are decreased in the aging brain. In

the cortex, acetylcholine receptors, serotonin receptors, and dopamine receptors
decline in numbers and function with age.17 In addition, cellular Ca21 levels are
altered, leading to decreased function at neuronal synapses via alteration of Ca21

channel activity.
Other receptor changes with aging directly affect the administration of anesthetic

agents. Changes in gamma-aminobutyric acid (GABA) receptor activity affect the ac-
tions of propofol, etomidate, and benzodiazepines. A decreased presynaptic release
of GABA leads to a possible increased response by the elderly to benzodiazepines.16

N-Methyl-D-aspartate receptors (NMDA), involved in nociception and memory and
learning, are hypofunctional with advancing age, leading to the risk of Alzheimer dis-
ease and neurodegeneration.20 NMDA antagonists such as ketamine and dextrome-
thorphan have the potential for altered effects in the elderly.
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Nociception is altered because of the neurotransmitter and receptor changes; addi-
tionally, altered blood flow and nervous tissue damage from hyperglycemia present in
the diabetic state may lead to alterations in nociception.21

Myocardial Structural and Functional Changes

Myocardial and vascular structure and function are altered in the elderly. Age-related
changes begin as early as the fourth decade.22 Progressive stiffening of the myocar-
dium and vascular beds occurs primarily from cessation of elastin production, as
damaged elastin is replaced by less flexible collagen.22 There is a decrease in myocyte
number and the development of concentric left ventricular hypertrophy. Functionally,
these changes translate to decreased contractility, relaxation, and increased filling
pressures, which are characteristic of diastolic dysfunction.23 Increases in arterial
and venous stiffness from age-related atherosclerosis, fibrosis, and calcification
further contribute to myocardial hypertrophy and diastolic dysfunction. For these rea-
sons, diastolic dysfunction is far more common than was previously appreciated, and
is present in nearly one-third of elderly patients.24

In parallel, the autonomic nervous system is altered with aging. There is a decrease
in parasympathetic function (ie, vagal tone) and an increase in sympathetic nervous
system (SNS) activity. The increase in SNS activity is shown by increased circulating
levels of norepinephrine coupled with decreased catecholamine uptake at nerve
endings.22 The natural consequence of increased SNS activity and vascular stiffness
is the expected increase in systemic vascular resistance that is commonly seen with
advancing age.
Myocardial performance is further affected by age-related alterations in the beta-

adrenergic receptor activity.22 The decline in beta-adrenergic responsiveness has
several important consequences: reduced maximal attainable heart rate (chronotropy)
during periods of stress and exercise (a beta-1 effect), poorer vascular relaxation (lusi-
tropy) with direct stimulation (a beta-2 effect), and decreased myocardial contractile
responsiveness (inotropy) and ejection fraction.25 In order to meet the demands for
the increased cardiac output, the aging (less compliant) myocardium relies heavily
on adequate preload (intravascular volume and venous capacitance), afterload (arte-
rial tone), and a normal sinus rhythm (atrial kick). Imbalances in these factors result in
the aging myocardium being far more susceptible to failure.
Aging also degrades the myocardial conduction pathways, predisposing even

the healthiest elderly patients to cardiac arrhythmias. Brady arrhythmias, heart
block, and ectopic impulses coexist with beta-receptor, vascular, and diastolic
dysfunction.26

Collectively, these alterations in beta-receptor/baroreceptor responsiveness, con-
duction pathway patency, myocardial relaxation, and vascular stiffness cause the
blood pressure lability and orthostasis that are commonly seen in the elderly.
Concomitant medications, the hypovolemic state, and anesthetic agents amplify
these cardiac changes and vulnerabilities. In addition, a low cardiac output, as seen
in the elderly, leads to a higher initial peak concentration because the drug is present
in a smaller blood volume during injection, with a greater time to reach the target site of
effect. Reduced levels of induction agents are required in the elderly, with a slower
onset of action compared with younger patients.

Pulmonary
Age-related changes in the lungs and in pulmonary function occur after the third
decade.27 Because pulmonary complications account for nearly 40% of the postop-
erative deaths in patients more than 65 years of age, awareness of these changes
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is crucial.28 The development of arthritis, kyphoscoliosis, and osteoporosis creates a
less compliant thoracic cage. This stiffer chest wall increases reliance on diaphrag-
matic breathing, despite declining diaphragmatic strength and endurance. Faltering
muscle strength and tone compromise airway protective reflexes, increasing the
risk of aspiration.
Aging lung parenchyma loses elastin fibers, causing loss of elastic recoil, and

altered lung volumes and capacities. This change may begin as early as the fourth
decade, but naturally occurs after the fifth decade.27 By the seventh decade, air
spaces enlarge and reduce the functional alveolar surface area by 50%, causing
increased compliance and functional emphysema.27 These changes alter diffusing
capacity and create V/Qmismatch, shunt, and an increased A-a gradient.26,27 Chemo-
receptor sensitivity is reduced 50% in response to hypoxia and hypercarbia.27

At baseline, elderly patients are noted to have lower tidal volumes and higher respi-
ratory rates, to compensate for poorer gas exchange.27 Taken together, all these pul-
monary changes in structure, function, and mechanics predispose geriatric patients to
respiratory fatigue, hypoxia, aspiration, and respiratory failure. For this reason, care
must be taken to monitor for any signs of residual weakness from incompletely
reversed neuromuscular blockade or sedative medications.

Renal
Changes in the renal system play a noticeable role in the metabolism and elimination
of agents. Structurally, there is a 25% reduction in renal cortical mass by age 80 years,
along with a decrease in renal blood flow by 10% per decade after age 40 years.29

Further reductions in age-related renal blood flow from long-standing hypertension
or diabetes predispose the aging kidney to renal dysfunction. By age 80 years, there
is also a predictable 50% decrease in glomerular filtration rate (GFR), from 125mL/min
to 60 mL/min. Consequently, agents that depend on renal elimination have longer sys-
temic half-lives and increased drug levels.16

Aging causes reduced renin-angiotensin function and antidiuretic hormone produc-
tion, predisposing the elderly to altered volume status. As mentioned previously,
serum creatinine levels are a poor predictor of renal function in older adults.30 The
GFR is the most useful value to gauge renal function.

Hepatic
Hepatic mass and blood flow decrease with aging. Liver blood flow declines 10% per
decade and liver mass decreases by 35%.31 The liver normally processes drugs via
phase I and phase II reactions. Phase I reactions involve the action of the cytochrome
P450 system and are slowed down by age and affected by polypharmacy. Drugs
cleared by this mechanism are said to be flow limited and have a reduction in clear-
ance of 30% to 40%, in parallel with the changes in hepatic blood flow.32 Phase II
involves the conjugation pathways, which are not affected by age. Drugs cleared
primarily through this pathway are said to be capacity limited and, despite changes
in hepatic mass, their clearance is well preserved, in the absence of disease, because
of the presence of normal hepatic reserve.16,32

Protein binding
Proteins present in the plasma affect the free fraction of protein-bound drugs (most
intravenous anesthetic drugs). The circulating free fraction of a drug and the free
drug concentration are inversely related to plasma protein levels. Geriatric patients
have lower concentrations of albumin (binds acidic drugs) because of age-related
declines in production and theoretic nutritional deficits. In contrast, levels of alpha-1
acid glycoprotein, which binds basic drugs, increase only slightly with age. The clinical
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relevance of this effect on pharmacodynamics is not entirely predictable, and it has
been suggested that it does not seem to have an important impact on geriatric anes-
thetic pharmacology.33

Plasma cholinesterase (ie, butyl cholinesterase), involved in the metabolism of suc-
cinylcholine, has decreased levels in the elderly and affects dosing of this agent.

Gastrointestinal factors
Elderly patients have increased gastric pH and also a prolonged gastric emptying
time.
As a result of the physiologic changes, the geriatric patient population is at risk for

overdose of agents in the perioperative period.

Pharmacokinetics/pharmacodynamics in geriatrics
In order to gain an understanding of the actions and elimination of agents in elderly
patients, a brief review of pharmacologic concepts is important. The central compart-
ment (designated as V1) is the compartment into which an agent is administered.
Depending on the models being used for a particular agent, there may be 2 to 3 com-
partments assessed to determine pharmacokinetics. Subsequent concentrations
depend on distribution and metabolism of agents into and out of the rapidly redistrib-
uted vessel-rich compartment (V2) and the vessel-poor region (V3). The total Vd is the
sum of the individual compartments. Although beyond the scope of the present dis-
cussion, to evaluate the Vd of an agent, the compartment volume, redistribution,
and metabolic rate constants must be considered.

Agent-specific Considerations

Induction agents
Propofol Propofol is the most commonly used induction agent. When administering
this agent to elderly patients, dosage needs to be modified compared with younger
patients (Table 2). Dosing the drug at doses that are equivalent to those of
younger patients can lead to higher drug levels, which can lead to alterations in he-
modynamic status.34 In a study evaluating the pharmacokinetics of propofol in a
multicenter platform, the induction doses of propofol in the elderly were as low as
1 mg/kg, far less than the conventional dose of 2 to 2.5 mg/kg in adults.35,36 Also,
the metabolic clearance of propofol declines after age 60 years. This finding was
corroborated in another study that noted that propofol infusions resulted in drug con-
centrations that were 20% to 30% higher in geriatric patients compared with younger
patients.37 Besides the clearance effect, one study presented information on the
sensitivity of geriatric patients to propofol compared with younger patients.37 The
clinical effect of propofol was measured via electroencephalogram (EEG) in adults
aged 25 to 81 years and elderly patients were noted to have a 30% increased sensi-
tivity to propofol versus younger cohorts. The investigators concluded that reduc-
tions in propofol dose as determined by the study results are not solely related
to sensitivity but are also related to the altered clearance of the drug, as noted
previously.15

Etomidate This potent induction agent is a sedative hypnotic agent with minimal
hemodynamic effects when administered at induction doses. The minimal cardiovas-
cular effects of etomidate make it a preferred agent in emergencies and for patients
who cannot tolerate wide alterations in blood pressure during the induction phase
of anesthesia. The drug is metabolized by ester linkage hydrolysis to inactive metab-
olites, which are then largely excreted in the urine. It is highly protein bound (75%), pri-
marily to albumin.
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Table 2
Effects of aging on drug behavior and dosing

Drug Effect Recommended Dosing Adjustments

Sedative/hypnotics Exaggerated hypotension with
bolus dosing

Smaller Vd and reduced
clearance

Propofol: 20%–50% reduction in
bolus dosing and infusion rates

Etomidate: 20%–50% reduced
bolus dose

Opioids � Increased sensitivity
� Delayed renal clearance of

opioid metabolites

Fentanyl/remifentanil: 50%
reduction for bolus infusion
rates, age>80 y

Morphine, hydromorphone,
meperidine: reduced doses
because of concern over
active metabolites

Benzodiazepines � Increased sensitivity
� Delayed renal clearance of

metabolites
� Increased risk for delirium/

POCD

Midazolam: reduce dose by
25%–75%

Not recommended for geriatric
patients

Muscle relaxants � Delayed clearance caused by
declining renal and hepatic
function

Succinylcholine: no change
Rocuronium: dosing intervals less

frequent
Cis-atracurium: no change

Inhalational agents Minimum alveolar concentration
decreases 6% per decade after
age 40 y

Reduced MAC as per iso-MAC
Consider BIS to guide depth

Abbreviations: BIS, bispectral index; MAC, minimal alveolar concentration.
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A 50% decrease in dosage reduction is recommended in patients aged 80 years
and older. The adjustment results from a reduced clearance of the drug with a
decreased Vd.38

Ketamine The NMDA receptor antagonist ketamine is used as an induction agent and
for sedation. As an antagonist to this complex, this agent shows antinociceptive
effects. This agent also has a neuroprotective effect by decreasing the risk of
ischemia-related apoptosis, which may lead to neuronal cell loss.39

Ketamine has also been advocated as an agent against POCD in elderly patients to
decrease the risk of altered cognitive function after ophthalmic surgery. The recom-
mended dose for this application is 0.3 mg/kg. This agent leads to less hypotension
when given for sedation compared with propofol.7

Benzodiazepines The use of perioperative benzodiazepines increases the risk of post-
operative delirium and should be used judiciously in geriatric patients.40 One study
evaluated midazolam, a common preoperative sedative, and noted that, after age
65 years, dosing of midazolam should be decreased compared with younger
patients.41 Midazolam clearance is reduced by 30% in 80-year-old patients compared
with patients in their 20s. As a result, the dose of midazolam in geriatric patients should
be decreased by at least 25%.42 In addition, the geriatric brain is much more sensitive
to midazolam, as is the case with propofol.

Dexmedetomidine Dexmedetomidine is used in for both maintenance of anesthesia
and for sedation in the intensive care unit. In the elderly, the context-sensitive half-
time of dexmedetomidine is prolonged and could result in prolonged sedation.
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According to Iirola and colleagues,43 80-year-old patients have a 25% decrease in
clearance compared with 60-year-olds.

Muscle relaxants/reversal agents
Succinylcholine The depolarizing neuromuscular blocker succinylcholine is used to
facilitate rapid conditions for intubating patients in the perioperative period. The agent
is degraded into the components succinic acid and choline by the butyl cholinesterase
enzymes. With aging, levels of this plasma cholinesterase enzyme decrease; however,
this alteration does not typically lead to prolonged action of succinylcholine.44

Rocuronium This nondepolarizing agent is primarily metabolized in the liver and
excreted in the bile. Typically, rocuronium has a rapid onset of action with intermediate
duration of action. Dosing of this agent is 0.45 to 1.0 mg/kg to facilitate intubating con-
ditions and the drug has been used in maintenance states as an infusion. Although
rocuronium is dosed based on ideal body weight in younger patients, elderly patients
may require dose adjustment. One study evaluated the neuromuscular effects of
rocuronium in elderly and younger patients, both with and without renal disease.45

The duration of neuromuscular blockade was prolonged in elderly patients compared
with younger patients for both the control group and for those patients with renal dis-
ease. A slower onset time of the agent and a prolonged duration has been compared
in other studies.46,47

Sugammadex Sugammadex is a modified gamma-cyclodextran compound that is a
selective vecuronium and rocuronium binding agent. It is biologically inactive and
does not bind to plasma proteins, but to the neuromuscular blocking agents. Sugam-
madex is minimally metabolized, with three-fourths of the agent eliminated unchanged
in the urine.48 Rocuronium combines with sugammadex in a binding site, which leads
to a decrease in the free concentration of rocuronium in the plasma.49 In the geriatric
population, sugammadex is effective in reversing neuromuscular blockade, albeit in a
delayed fashion. In a phase 3a, multicenter, parallel-group, open-label study, it was
noted that the time to recovery after administration of sugammadex to a train of 4 ratio
of 0.9 was 3.6 minutes in geriatric patients versus 2.3 minutes in younger adults.50

Sugammadex clearance was approximately 50% lower in the elderly patients than
in younger adults. Regardless, no dose adjustment is recommended in elderly patients
with normal organ function; however, because renal function is reduced in the elderly,
dosing may need to be individually adjusted.51,52

Cisatracurium Cisatracurium is a nondepolarizing agent present as one of 10 stereo-
isomers of atracurium. It is 4 to 5 times more potent than atracurium, with similar dura-
tion of neuromuscular blockade, and with less histamine release.53 This agent is
eliminated via spontaneous degradation through Hoffman elimination and ester hydro-
lysis by plasma esterases. Hoffman elimination is a pH-dependent and temperature-
dependent processes. From 77% to 80% of the drug is eliminated via Hoffman
elimination; 10% to 15% is excreted unchanged in the urine.54 In geriatric patients
versus young patients, the duration of neuromuscular blockade was not altered,
although the time to onset of neuromuscular blockade was delayed by 1 minute, likely
because of changes in circulation time. Despite having a larger Vd compared with
younger patients, the elderly patients had a minimal increase in elimination half-life.
Cisatracurium clearance is unaffected by age.

Anticholinesterase agents
Anticholinesterase agents in the elderly have a theoretic risk of cardiac dysrhythmias
and the presence of conduction delays. To counteract this muscarinic effect, the
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antimuscarinic agents are administered (preferably glycopyrrolate because there is
less central effect of this agent than of the tertiary amine atropine). Some studies
have noted an effect on the duration of action of neostigmine55 versus other agents;
compared with younger patients, the duration of action was prolonged in geriatric
patients.56

Opioids Providers need to be cautious about administering opioids because effects in
elders are caused by an increase in sensitivity to the agent. Risk of opioid overdose is
caused by an increase in central nervous system sensitivity to opioids with age.

Fentanyl The pharmacokinetics and pharmacodynamics of this agent have been
evaluated in the aging population.57 Age was not found to have any effect on the phar-
macokinetics of fentanyl. Sufentanil, alfentanil, remifentanil, and fentanyl are approx-
imately twice as potent in elderly patients, primarily because of an increase in brain
sensitivity to opioids rather than pharmacokinetic changes.29 Except for a modest
change in rapid intercompartmental clearance, the Vd is not changed compared
with younger adults. The elderly brain is twice as sensitive to fentanyl and alfentanil
as younger brains, although with considerable variability. As a result, providers should
consider dose adjustment in geriatric perioperative patients.

Remifentanil This short-acting selective mu-receptor antagonist is typically used as
an infusion for rapid analgesia because it is metabolized by nonspecific esterases.
This property makes it ideal for patients with liver and/or renal dysfunction. However,
the pharmacokinetics and dosing of this potent opioid require special consideration.
Minto and colleagues58,59 found that the volume of the central compartment
decreased by 50% from age 20 to 80 years and the clearance decreased by 66%.
As a result, age and lean body mass were determined to be important covariates
affecting the pharmacokinetics of remifentanil. This finding has been corroborated
elsewhere.60 Comparing 25-year-olds and 80-year-olds getting remifentanil infusions,
the clearance values are expected to decrease by 30% and central compartment
values to be reduced by at least 25%.
After having established the changes in the compartments in the elderly population,

the clinical effects and changes were noted compared with younger adults.59 EEG
depression as a function of sedation was noted across the age spectrum. The EC50
(effective concentration giving half-maximal response) for EEG depression decreased
by approximately 50% from age 20 to 80 years. This result matched the effect of age
on fentanyl potency.
Pharmacokinetic/pharmacodynamic modeling of this agent supports a 50% reduc-

tion of the bolus dose in geriatric patients versus a 20-year-old patients and a 30% to
50% reduction in infusion dosing. Elderly patients are at risk for delayed emergence
without dosing adjustments.58

Morphine Morphine dose adjustment needs to occur because of multiple factors.
Morphine is processed by conjugation in the liver to morphine-3 glucuronide and
morphine-6 glucuronide. Morphine-3 glucuronide is a neurotoxic agent that can
lead to seizures. Morphine-6 glucuronide has analgesic properties. Both are renally
cleared and have decreased clearance in the elderly.61

Inhaled agents
Perioperative physicians also need to consider unique factors in the geriatric popula-
tion when adjusting inhaled anesthetic concentrations. The minimal alveolar concen-
tration (MAC) to surgical stimulus decreases by 6% for every decade of life.62

Currently used agents are considered individually, with unique considerations for
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each agent. In addition, the use of iso-MAC scales is used to allow for the addition of
nitrous-oxide/oxygen to inhaled potent agents. End-expired agent in terms of MAC is
graphed versus age of subject and data points presented for End-expired agent in
100% oxygen, 67% nitrous oxide and 50 % nitrous oxide.63

Sevoflurane Sevoflurane is perhaps the most commonly used agent for maintenance
of inhaled anesthesia. The MAC for sevoflurane was noted to be 1.48, decreased from
children and adults, with a calculated ED95 (the effective dose required to prevent
95% of patients from moving) of 1.98%.64 This age-related change in dosage of sevo-
flurane is corroborated by the finding of midlatency auditory evoked potentials
(MLAEPs) as a marker for anesthetic depth. Elderly patients need lower anesthetic
concentrations of sevoflurane than younger patients to achieve a similar MLAEP
level.65 It has been evaluated as an agent for inhaled inductions in ambulatory geriatric
patients compared with propofol induction. The sevoflurane inhaled induction patients
were noted to have less alteration in mean arterial pressure and systolic pressure
versus their propofol cohorts. This finding would lead to fewer instances of hemody-
namic alteration for the induction phase of anesthesia.66

Another study evaluated sevoflurane induction in patients undergoing esophageal
resection to assess for any effects on POCD in patients receiving sevoflurane anes-
thesia. Patients were placed into sevoflurane inhaled anesthesia, sevoflurane with pre-
operative methylprednisolone before potent agent, and intravenous propofol control.4

Cognitive assessment was performed before surgery and on days 1, 3, and 7 postop-
eratively along with evaluation for inflammatory and neurocognitive markers. The re-
sults indicated that the incidence of POCD was higher in patients under inhalational
sevoflurane than in the other groups. Methylprednisolone was a salubrious pretreat-
ment neuroprotective agent. Although these results are singular, for more invasive
operations that may be time laborious, a multimodal regimen is advocated for
neuroprotection.

Desflurane This insoluble inhaled anesthetic allows rapid redistribution and wake up
with maintenance of potent anesthesia. For the geriatric population, a decrease in
MAC is determined for geriatric patients, down to 5.1% for 80-year-old patients versus
8.3% in adults. This is an important consideration given the risk of tachycardia that can
occur with rapid increases in anesthetic concentration of desflurane.

Isoflurane This agent has been used less because of the increased use of sevoflurane
and desflurane. In the elderly, isoflurane decreases systemic pressure, cardiac index,
and heart rate.

REFERENCES

1. Day JC. Population projections of the United States by age, sex, race, and
Hispanic origin: 1995-2050, current population reports, Bureau of the Census.
Washington, DC: US Printing Office; 1996. p. 25.

2. Cook DJ, Rooke GA. Priorities in perioperative geriatrics. Anesth Analg 2003;96:
1823–36.

3. Brown EN, Purdon PL. The aging brain and anesthesia. Curr Opin Anaesthesiol
2013;26:414–9.

4. Qiao Y, Feng H, Zhao T, et al. Postoperative cognitive dysfunction after inhala-
tional anesthesia in elderly patients undergoing major surgery: the influence of
anesthetic technique, cerebral injury and systemic inflammation. BMC Anesthe-
siol 2015;15:154.
loaded for Anonymous User (n/a) at SA Consortium - University of Kwazulu-Natal from ClinicalKey.com by Elsevier on
ber 16, 2017. For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1932-2275(17)30016-2/sref1
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref1
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref1
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref2
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref2
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref3
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref3
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref4
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref4
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref4
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref4


Pharmacologic Considerations in Geriatric Anesthesia 269

 S
5. Deiner S, Silverstein JH. Postoperative delirium and cognitive dysfunction. Br J
Anaesth 2009;103(Suppl 1):i41–6.

6. Rundshagen I. Postoperative cognitive dysfunction. Dtsch Arztebl Int 2014 Feb;
111(8):119–25.

7. Rascon-Martinez DM, Fresan-Orellana A, Ocharan-Hernandez ME, et al. The
effects of ketamine on cognitive function in elderly patients undergoing
ophthalmic surgery: a pilot study. Anesth Analg 2016;122(4):969–75.

8. Wehling M. Guideline-driven polypharmacy in elderly, multimorbid patients is
basically flawed: there are almost no guidelines for these patients. J Am Geriatr
Soc 2011;59:376–7.

9. Qato DM, Alexander GC, Conti RM, et al. Use of prescription and over-the-
counter medication and dietary supplements among older adults in the United
States. JAMA 2008;300:2867–78.

10. Gurwitz JH, Field TS, Harrold LR, et al. Incidence and preventability of adverse
drug event among older persons in the ambulatory setting. JAMA 2003;289:
1107–16.

11. Shafer S. Challenges in anesthesia: The geriatric patient presenting for surgery.
Chapter 50. In: Chu LF, Fuller AJ, editors. Manual of clinical anesthesiology. 1st
edition. Philadelphia: Lippincott Williams & Wilkins; 2012.

12. Forbes GB, Reina JC. Adult lean body mass declines with age: some longitudinal
observations. Metabolism 1970;19:653–63.

13. Beaufrere B, Morio B. Fat and protein redistribution with aging: metabolic consid-
erations. Eur J Clin Nutr 2000;3(Suppl 54):S48–53.

14. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creati-
nine. Nephron 1976;16:31–41.

15. Shafer SL. The pharmacology of anesthetic drugs in elderly patients. Anesthesiol
Clin North America 2000;18:1–29.

16. Spanjer MRK, Bakker NA, Absalom AR. Pharmacology in the elderly and newer
anaesthesia drugs. Best Pract Res Clin Anaesthesiol 2011;25:355–65.

17. Peters R. Ageing and the brain. Postgrad Med J 2006;82:84–8.
18. Small SA. Age-related memory decline: current concepts and future directions.

Arch Neurol 2001;58:360–4.
19. Sieber FE, Pauldine R. Anesthesia for the elderly. In: Miller’s anesthesia. 7th edi-

tion. Philadelphia: Elsevier Churchill Livingstone; 2010. p. 2261–76.
20. Newcomer JW, Farber NB. NMDA receptor function, memory and brain aging.

Dialogues Clin Neurosci 2000;2(3):219–32.
21. McKeown JL. Pain management issues for the geriatric surgical patient. Anesthe-

siology Clin 2015;33:563–76.
22. Rooke GA. Cardiovascular aging and the anesthetic implications. J Cardiothorac

Vasc Anesth 2003;17:512–23.
23. Steppan J, Barodka V, Berkowitz DE, et al. Vascular stiffness and increases pulse

pressure in the aging cardiovascular system. Cardiol Res Pract 2011;2011:263585.
24. Bursi F, Weston SA, Redfield MM, et al. Systolic and diastolic heart failure in the

community. JAMA 2006;296:2209–16.
25. Priebe HJ. The aged cardiovascular risk patient. Br J Anaesth 2000;85:763–8.
26. Kanonidou Z, Karystianou G. Anesthesia for the elderly. Hippokratia 2007;11(4):

175–7.
27. Sprung J, Gajic O, Warner DO. Review article: age related alterations in respira-

tory function–anesthetic considerations. Can J Aneaesth 2006;53(12):1244–57.
28. Warner DO. Preventing postoperative pulmonary complications. Anesthesiology

2000;92:1467–72.
 Downloaded for Anonymous User (n/a) at SA Consortium - University of Kwazulu-Natal from ClinicalKey.com by Elsevier on
eptember 16, 2017. For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1932-2275(17)30016-2/sref5
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref5
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref6
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref6
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref7
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref7
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref7
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref8
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref8
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref8
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref9
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref9
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref9
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref10
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref10
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref10
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref11
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref11
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref11
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref12
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref12
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref13
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref13
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref14
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref14
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref15
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref15
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref16
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref16
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref17
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref18
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref18
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref19
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref19
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref20
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref20
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref21
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref21
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref22
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref22
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref23
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref23
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref24
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref24
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref25
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref26
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref26
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref27
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref27
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref28
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref28


Rana et al270

 Down
 Septem
29. Brown CH, Sieber F. The elderly patient. Chapter 21. In: McConachie I, editor.
Anesthesia and perioperative care of the high-risk patient. 3rd edition. Cam-
bridge University Press, Cambridge University; 2014. p. 311–22.

30. Musso CG, Oreopoulos DG. Aging and physiological changes of the kidneys
including changes in glomerular filtration rate. Nephron Physiol 2011;119:1–5.

31. McLean AJ, LeCouteur DG. Aging biology and geriatric clinical pharmacology.
Pharmacol Rev 2004;56:163–84.

32. Rivera R, Antognini JF. Perioperative drug therapy in elderly patients. Anesthesi-
ology 2009;10(5):1176–89.

33. Benet LZ, Hoener BA. Changes in plasma protein binding have little clinical rele-
vance. Clin Pharmacol Ther 2002;71:115–21.

34. Kazama T, Ikeda K, Morita K. Reduction by fentanyl of the CP50 values of propo-
fol and hemodynamic responses to various noxious stimuli. Anesthesiology 1997;
87(2):213–27.

35. Schuttler J, Ihmsen H. Population pharmacokinetics of propofol: a multicenter
study. Anesthesiology 2000;92(3):727–38.

36. Schnider TW, Minto CF, Shafer SL, et al. The influence of the method of adminis-
tration and covariates on the pharmacokinetic of propofol in adults volunteers.
Anesthesiology 1998;43(Suppl):111–4.

37. Schnider TW, Minto CF, Shafer SL, et al. The influence of age on propofol phar-
macodynamics. Anesthesiology 1999;90(6):1502–16.

38. Arden JR, Holley FO, Stanski DR. Increased sensitivity to etomidate in the elderly:
initial distribution versus altered brain response. Anesthesiology 1986;65:19–27.

39. Engelhard K, Werner C, Eberspacher E, et al. The effect of the alpha-2 agonist
dexmedetomidine and N-methyl-D-Aspartate antagonist S (1) ketamine on the
expression of apoptosis-regulating proteins after incomplete cerebral ischemia
and reperfusion in rats. Anesth Analg 2003;96:524–31.

40. Marcantonio ER, Juarez G, Goldman L, et al. The relationship of postoperative
delirium with psychoactive medications. JAMA 1994;272:1518–22.

41. Bell GD, Spickett GP, Reeve PA, et al. Intravenous midazolam for upper gastro-
intestinal endoscopy: a study of 800 consecutive cases relating dose to age
and sex of patient. Br J Clin Parmacol 1987;23:241–3.

42. Maitre PO, Buhrer M, Thomson D, et al. A three-step approach combining
Bayesian regression and NONMEM population analysis: application to midazo-
lam. J Pharmacokinet Biopharm 1991;19:377–84.

43. Iirola T, Ihmsen H, Laitio R, et al. Population pharmacokinetics of dexmedetomi-
dine during long-term sedation in intensive care patients. Br J Anaesth 2012;
108(3):460–8.

44. Cope TM, Hunter JM. Selecting neuromuscular-blocking drugs for elderly pa-
tients. Drugs Aging 2003;20(2):125–40.

45. Kocabas S, Yedicocuklu D, Askar FZ. The neuromuscular effects of rocuronium in
elderly and young adults with or without renal failure: 9AP7-7. Eur J Anaesthesiol
2007;24:124.

46. Matteo RS, Ornstein E, Schwartz AE, et al. Pharmacokinetics and pharmacody-
namics of rocuronium (Org 9426) in elderly surgical patients. Anesth Analg
1993;77:1193–7.

47. Furuya T, Suzuki T, Kashiwai A, et al. The effects of age on maintenance of intense
neuromuscular block with rocuronium. Acta Anaesthesiol Scand 2012;56:236–9.

48. Gijsenbergh R, Ramael S, Houwing N, et al. First human exposure of Org 25969,
a novel agent to reverse the action of rocuronium bromide. Anesthesiology 2005;
103:695–703.
loaded for Anonymous User (n/a) at SA Consortium - University of Kwazulu-Natal from ClinicalKey.com by Elsevier on
ber 16, 2017. For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1932-2275(17)30016-2/sref29
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref29
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref29
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref30
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref30
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref31
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref31
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref32
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref32
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref33
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref33
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref34
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref34
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref34
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref35
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref35
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref36
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref36
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref36
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref37
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref37
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref38
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref38
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref39
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref39
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref39
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref39
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref40
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref40
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref41
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref41
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref41
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref42
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref42
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref42
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref43
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref43
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref43
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref44
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref44
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref45
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref45
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref45
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref46
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref46
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref46
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref47
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref47
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref48
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref48
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref48


Pharmacologic Considerations in Geriatric Anesthesia 271

 S
49. Mirakhur RK. Sugammadex in clinical practice. Anesthesiology 2009;64(Suppl 1):
45–54.

50. McDonagh DL, Benedict PE, Kovac AL, et al. Efficacy, safety and pharmacoki-
netics of sugammadex for the reversal of rocuronium-induced neuromuscular
blockade in elderly patients. Anesthesiology 2011;114:318–29.

51. Merck & Co Bridion (sugammadex) injection, for intravenous use: US prescribing
information. 2015. Available at: http://www.accessdata.fda.gov/. Accessed June
8, 2016.

52. European Medicines Agency. Bridion (sugammadex) 100mg/mL solution for in-
jection: EU summary of product characteristics. 2015. Available at: http://www.
ema.europa.eu/. Accessed June 8, 2016.

53. Ornstein E, Lien CA, Matteo RS, et al. Pharmacodynamics and pharmacokinetics
of cisatracurium in geriatric surgical patients. Anesthesiology 1996;84:520–5.

54. Appiah-Ankam J, Hunter JM. Pharmacology of neuromuscular blocking drugs.
Contin Educ Anaesth Crit Care Pain 2004;4(1):2–7.

55. Koscielniak-Nielsen ZJ, Law-Min JC, Donati F, et al. Dose-response relations of
doxacurium and its reversal with neostigmine in young adults and healthy elderly
patients. Anesth Analg 1992;74(6):845–50.

56. Young WL, Matteo RS, Ornstein E. Duration of action of neostigmine and pyrido-
stigmine in the elderly. Anesth Analg 1988;67(8):775–8.

57. Scott JC, Stanski DR. Decreased fentanyl and alfentanil dose requirements with
age. A simultaneous pharmacokinetic and pharmacodynamic evaluation.
J Pharmacol Exp Ther 1987;240:159–66.

58. Minto CF, Schnider TW, Egan T, et al. The influence of age and gender on the
pharmacokinetics and pharmacodynamics of remifentanil. I. Model development.
Anesthesiology 1997;86:10–23.

59. Minto CF, Schnider TW, Shafer SL. The influence of age and gender on the phar-
macokinetic and pharmacodynamics of remifentanil. II. Model application. Anes-
thesiology 1997;86:24–33.

60. Glass PS, Gan TJ, Howell S. A review of the pharmacokinetics and pharmacody-
namics of remifentanil. Anesth Analg 1999;89(Suppl 4):S7–14.

61. Baillie SP, Bateman DN, Coates PE, et al. Age and the pharmacokinetics of
morphine. Age Ageing 1989;18:258–62.

62. Eger E. Age, minimum alveolar anesthetic concentration, and minimum alveolar
anesthetic concentration-awake. Anesth Analg 2001;93:947–53.

63. Nickalls RWD, Mapleson WW. Age-related iso-MAC charts for isoflurane, sevoflur-
ane and desflurane in man. Br J Anaesth 2003;91(2):170–4.

64. Nakajima R, Nakajima Y, Ikeda K. Minimum alveolar concentration of sevoflurane
in elderly patients. Br J Anaesth 1993;70(3):273–5.

65. Feuerecker M, Lenk M, Flake G, et al. Effects of increasing sevoflurane MAC
levels on mid-latency auditory evoked potentials in infants, schoolchildren, and
the elderly. Br J Anaesth 2011;107(5):726–34.

66. Kirkbride DA, Parker JL, Williams GD, et al. Induction of anesthesia in the elderly
ambulatory patient: a double-blinded comparison of propofol and sevoflurane.
Anesth Analg 2001;93:1185–7.
 Downloaded for Anonymous User (n/a) at SA Consortium - University of Kwazulu-Natal from ClinicalKey.com by Elsevier on
eptember 16, 2017. For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1932-2275(17)30016-2/sref49
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref49
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref50
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref50
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref50
http://www.accessdata.fda.gov/
http://www.ema.europa.eu/
http://www.ema.europa.eu/
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref53
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref53
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref54
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref54
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref55
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref55
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref55
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref56
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref56
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref57
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref57
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref57
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref58
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref58
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref58
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref59
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref59
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref59
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref60
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref60
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref61
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref61
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref62
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref62
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref63
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref63
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref64
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref64
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref65
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref65
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref65
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref66
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref66
http://refhub.elsevier.com/S1932-2275(17)30016-2/sref66

	Pharmacologic Considerations of Anesthetic Agents in Geriatric Patients
	Key points
	Pharmacologic considerations of anesthetic agents in geriatric patients
	Physiologic changes in geriatrics
	Body Compositional Changes
	Neurologic Structural and Functional Changes
	Myocardial Structural and Functional Changes
	Pulmonary
	Renal
	Hepatic
	Protein binding
	Gastrointestinal factors
	Pharmacokinetics/pharmacodynamics in geriatrics

	Agent-specific Considerations
	Induction agents
	Propofol
	Etomidate
	Ketamine
	Benzodiazepines
	Dexmedetomidine

	Muscle relaxants/reversal agents
	Succinylcholine
	Rocuronium
	Sugammadex
	Cisatracurium

	Anticholinesterase agents
	Opioids
	Fentanyl
	Remifentanil
	Morphine

	Inhaled agents
	Sevoflurane
	Desflurane
	Isoflurane



	References


