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KEY POINTS

� An aging worldwide population demands that anesthesiologists consider geriatrics a
unique subset of patients requiring customization of practice.

� The physiology of elderly patients causes pharmacokinetic and pharmacodynamic
changes that must be taken into consideration when planning and providing anesthetic
care.

� The dosing of most commonly used anesthetic and analgesic agents must be adjusted for
the safe practice and care of elderly patients.

� Because many rigorous studies often exclude geriatric patients from research popula-
tions, the establishment of best practices for the elderly deserves ongoing special atten-
tion and investigation.
INTRODUCTION

The geriatric population (>65 years) is growing much faster than the population as a
whole, with projections of more than 100 million people greater than 65 years old in
the United States population by the year 2060.1 The number of adults aged 65 or older
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is expected to exceed half of the US population by the year 2020,2 and likewise these
patients are expected to represent a greater fraction of surgical patients with each
coming year. Older adults already represent a majority of the surgical patient popula-
tion for such specialties as cardiac surgery and ophthalmology.2 Simultaneously, the
elderly population is at greatest risk of morbidity and mortality with any given compli-
cation after surgery.3,4 This magnifies the importance of tailored care for these pa-
tients by all providers involved in the surgical process, including anesthesiologists.
It is well known that older adults require less anesthetic than their younger counter-
parts, a phenomenon largely attributable to declining organ function and reserve,
including alterations in medication response due to pharmacokinetic (PK) and phar-
macodynamic (PD) changes. The mechanisms underlying these changes should be
well understood by all anesthesiologists in order to provide the safest care for older
adults undergoing surgery.
PKs describes the manner in which the body affects a drug, whereas PDs de-

scribes the manner in which the drug affects the body. The specific PK and PD
changes associated with aging include changes related to reduced end-organ func-
tion, receptor sensitivity, homeostasis patterns, concurrent medication use, and
complexity of concomitant disease states. Changes in organ system function,
body composition, nutritional state, and a lifetime of metabolic insults, including
changes to DNA processing, can occur with wide variation between older patients.
Such variety serves to complicate the effort to understand how drug activity
changes with age.5,6 Furthermore, older adults often are excluded from clinical trials
due to comorbidity, despite their increased use of medication relative to other
populations.6,7

Inadequate understanding of pharmacologic changes in geriatric patients undergo-
ing anesthesia unfortunately is common and can have disastrous consequences.
Since the advent of modern anesthesiology, however, great strides have been
made in understanding how drug absorption, distribution, activity, and elimination
change with age. This article discusses the major PK and PD changes associated
with aging; the PD changes that occur in the neurologic, respiratory, and cardiovascu-
lar systems with aging for the most common anesthetics in use today also are
covered. The final section discusses the PK and PD changes associated with aging
and gives practical recommendations regarding the clinical applications of these prin-
ciples with commonly used anesthetic medications.
PHARMACOKINETIC CHANGES IN THE ELDERLY
Drug Absorption

There are substantial changes in the aging gastrointestinal (GI) tract that have an
impact on uptake and absorption of orally administered medications. Transmucosal
absorption of medications seems preserved, as demonstrated in a study of transmu-
cosal fentanyl administration in young and old patients without apparent difference in
the incidence of negative side effects.8 More substantial research has been directed
toward changes in the stomach and distal GI tract. Commonly observed decreases
in gastric acid secretion with resultant elevated gastric pH in the elderly can reduce
absorption of medications that rely on ionization within the stomach for proper absorp-
tion distally. Furthermore, use of proton-pump inhibitors and antacids can interfere
with drug ionization.6,9–11 The stomach’s role in absorption can be altered further by
changes in gastric motility and transit time; slower gastric emptying time, decreased
peristalsis, and slower colonic transit overall can be attributed to a loss of neuronal ac-
tivity in the GI tract.6,12,13 Conversely, gastric emptying time may be increased in
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elderly patients due to a history of partial gastrectomy or use of laxatives or cholinergic
agents, such as physostigmine. Increased or decreased gastric emptying can have
variable impacts on drug absorption depending on a given drug’s site of absorp-
tion.10,14 Additionally, decreases in gastric blood flow, whether from chronic vascular
disease or another cause, may play a role in preventing effective drug ionization and
uptake.9–11

More distally, decreased peristalsis and slower colonic transit time due to neuron
loss or other concomitant disease can have a further impact on drug absorption. Pro-
longed exposure of the digestive tract to medications or failure to efficiently deliver
compounds to the site of absorption may be of greatest consequence when consid-
ering medications with low solubility or permeability.6,12,13 In conjunction with these
changes to the proximal GI tract, the peak concentration of a medication as well as
the time it takes to reach it may be widely variable in older patients with multiple
comorbidities. The ultimate bioavailability of orally administered drugs is influenced
by the amount of drug absorbed by the GI mucosa, the amount of drug that flows
unchanged to the liver, and the amount of first-pass metabolism that occurs. Hepatic
mass may decrease as much as 25% to 35% with age, and flow may decrease as
much as 35% to 40%15,16; however, in the absence of concomitant disease, the
structure of the liver and its synthetic function seem preserved with age and the
extent to which liver mass and blood flow have an impact on first-pass metabolism
remains unclear.7 Understanding the liver’s role in drug bioavailability is complicated
further by the variability in cytochrome p pathways and the large number of drugs
that interact with them. Further research into how each of these pathways is affected
with age is required for a better understanding of medication-specific changes in the
elderly.
Drug absorption through other administration methods also seems impacted by

age. Older adults were found more vulnerable to the side effects of transdermal fen-
tanyl than younger subjects.17 Although the enhanced vulnerability of the elderly to
narcotics likely is attributable to multiple physiologic changes, older adults experience
thinning of the epidermis and structural weakening of the dermis that may alter and
likely augment transdermal drug absorption.18–20

Older adults are also known to be more vulnerable to the effects of inhaled anes-
thetics, and the decreased minimum alveolar concentration (MAC) of inhaled anes-
thetics in the elderly has been widely accepted.21 Lung physiology has been
researched extensively and changes dramatically with age. Older patients demon-
strate reduced airway elasticity, which can be enhanced by chronic smoking, as
well as decreased chest wall compliance due to intervertebral disk height loss, ossi-
fication of costal cartilage, and weakening of respiratory muscles. These changes
contribute to an overall profile of decreased tidal volume, loss of functional residual
capacity, increased closing capacity, and ventilation/perfusion mismatch.22,23

These changes reduce the efficiency of gas exchange across the alveolar mem-
brane, likely translating to altered translocation of inhaled anesthetics impacting
both induction and emergence. The uptake and offloading of inhaled anesthetics
also are particularly vulnerable to acute changes in cardiac function. This has
been observed in cases of significant and sudden drops in cardiac output corre-
lated with dramatic increases in end-tidal volatile anesthetic, likely due to enhanced
uptake of the anesthetic due to slower transit times through the pulmonary vascu-
lature.24 Although a full review of the cardiac changes with age is outside of the
scope of this section, significant changes to cardiac output and flow through the
pulmonary vasculature are common in elderly patients and affect uptake and off-
loading of volatile anesthetics.
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Drug Distribution

Older adults experience clinically significant change in their volume of distribution
due to a few key physiologic changes. Total body water decreases by 10% to
15% in elderly compared with younger persons.25 This effectively decreases the
volume of distribution for hydrophilic agents in elderly persons and, therefore,
water-soluble drugs have higher peak plasma concentrations at a given dose
compared with younger patients. Decreases in parenteral loading doses of 10%
to 20% are recommended in older adults.6,15 Although total body water decreases
with age, there is an increased volume of distribution of lipophilic drugs due a
combination of muscle wasting and increase in body fat, in particular central
adiposity and visceral body fat with aging.26,27 Body fat in older adults has been
shown to increase up to 20% to 40%. Dosing for the parenteral loading of highly
lipophilic drugs may be increased by approximately 10% to 20%.6,15 Lipophilic
drugs, however, have an increased elimination half-life and thus lead to drug
accumulation.
Age-related changes in protein binding have been studied extensively. The pH of

the drug and the protein binding should be taken into consideration when deter-
mining dosing adjustments in elderly patients. One notable change includes a linear
decrease in serum albumin levels with increasing age. This decrease in serum albu-
min predominately affects highly protein-bound, acidic drugs because they more
commonly bind albumin.11 Even when there is a small reduction in the protein bind-
ing of extensively bound drugs, this may result in a clinically significant increase in
free drug concentration.11 There also is a slight increase in a1-acid glycoprotein in
elderly patients, however, which is probably due to age-associated inflammatory
changes.28 This increase in a1-acid acid glycoprotein theoretically can affect the
circulating free drug concentrations, particularly of lipophilic basic drugs11 Notable
anesthetic drugs that may be affected by age-related protein-binding changes are
those highly extracted by the liver, extensively protein bound, and administered
intravenously (IV).
In addition to a reduced central circulating volume in elderly patients, central or-

gan perfusion undergoes change with aging. The aging brain is accompanied by a
decrease in neuronal volume, which starts earlier in men but progresses more
rapidly in women once it begins.29 The aging brain also sustains a change in
vascular distribution. Capillaries that normally are packed densely in areas of the
brain that have higher processing demands decrease in number and show
increased microvessel deformities starting in approximately the fifth decade of
life.30 Increasing age is associated with increasing blood-brain barrier perme-
ability,31 which can allow inappropriate passage of mediators from the plasma
into the central nervous system (CNS).
Older adults have increased sensitivity to IV anesthetic agents due to fundamental

changes in drug binding and distribution, described previously. Unfortunately, the
changes in drug effect vary between patients of different ages in a nonlinear, exponen-
tial fashion.32 Likewise, changes in drug effect with age depend heavily on PK and PD
parameters for a given drug, with wide variation between different medications, even
within a given class. Thus, easy-to-remember recommendations for medication dose
adjustments applicable to multiple drugs over a range of patient ages, comorbidities,
weights, nutritional statuses, and so forth, are impossible. Even so, most experts
believe it prudent to significantly reduce medication doses in older patients.33,34 Ex-
amples include fentanyl, haloperidol, lidocaine, midazolam, and propofol,34 for which
dose reductions should be considered.
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Drug Metabolism and Excretion

Metabolism of drugs is another area of PK change in older adults. Hepatic metabolism
of drugs is affected by aging due to a decrease in hepatic blood flow of approximately
40% in elderly patients,6 thereby decreasing rate of drug delivery. Additionally, there is
an age-related decrease in liver mass, reducing hepatic microsomal enzymes and
extending the half-life of many drugs, including anesthetics. Because many older
adults have multiple chronic comorbidities that require use of medicines, anesthetic
drug metabolism is effectively further decreased due to saturation of the reduced
number of hepatic microsomal enzymes. When controlling for volume of distribution,
terminal elimination half-life of fentanyl was markedly prolonged in the elderly (patients
more than 60 years old) compared with patients less than 50 years old (945 min vs
265 min).33 The exact influence a reduction of hepatic microsomal enzymes has on
anesthetic dosing, however, in the aging population is less clear, because other
studies evaluating the effect of age on anesthetic drug clearance have been
inconclusive.35,36

It is currently unknown whether extrahepatic metabolism of drugs is impacted by
aging. Pulmonary metabolism of drugs is well described but the implications of lung
metabolism in older adults, particularly for anesthetic drugs, have not been well
studied. The extent to which ester metabolism changes in the elderly also is unclear,
with conflicting studies regarding different commonly used agents. Ornstein and col-
leagues37 studied changes in ester metabolism in older (65–82 years old) compared
with younger (30–49 years old) individuals and found that although the onset of action
of cisatracurium was delayed, the elimination half-life was unchanged, suggesting
there is no difference in ester metabolism in the elderly. APK model of remifentanil,
however, showed a decrease in metabolism with age.38

Renal function decreases in older adults, with a progressive reduction in renal mass,
creatinine clearance, and glomerular filtration rate. Some studies have shown the
decrease in glomerular filtration rate to be approximately 1 mL/min/1.73 m2 per year
after approximately 40 years of age, which is due to a reduced number of functioning
glomeruli.39 Serum creatinine is commonly used as a marker of renal function and,
therefore, drug elimination, but it should be recognized that this is affected by muscle
mass, physical activity, protein intake, and active secretion of creatinine by the renal
proximal tubules.39 Because of this reduction in renal clearance, the plasma half-life of
a renally excreted drug is prolonged and the steady-state concentration increases.11

There is a reduction in renal blood flow with age after the fourth decade of life, resulting
in a 10% decrease with each decade of life.40 Accompanying this decrease in renal
blood flow is a decrease in autoregulation of volume status and autoregulation of
blood flow in hypertensive and hypotensive states, called renal vascular dysauton-
omy.41,42 Drugs that are renally cleared by the kidney and eliminated unchanged
also warrant a reduction in dosing in the elderly.
There seems to be heterogeneity in geriatric PKs, which likely is due to a difference

in fit versus frail older adults. Physiologic changes that affect PKs in older adults are
certainly affected by the increased prevalence of chronic comorbidities. More
research is needed, however, to further categorize pharmacokinetics in relation to
chronologic versus functional aging.43
PHARMACODYNAMIC CHANGES IN THE ELDERLY
Central Nervous System

It is well known that older adults are more sensitive to inhaled anesthetics and opioids
than younger adults. MAC correlates with the degree to which an anesthetic enhances
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the function of g-aminobutyric acid (GABA)-A receptors in the brain, and PET scans
have shown this interaction dependent on the blood concentration of the anes-
thetic.22,44,45 The MAC value for volatile anesthetics decreases by 6% per decade
and that for nitrous oxide decreases by approximately 8% per decade over the age
of 40 years.46 Similarly, the best research suggests that older adults are more sensitive
to sedative and possibly deliriogenic effects of opioids, and thus dosing should be
reduced.47 At least 1 prospective trial currently is ongoing that may give more insight
into whether opioid-free anesthesia is of benefit.48

Overall, the CNS of older adults is approximately 30% more sensitive to propofol
than younger patients, which has been reported for both induction doses and infu-
sions (Fig. 1).49 During induction, patients greater than 70 years old reach signifi-
cantly deeper electroencephalographic (EEG) stages and need more time until a
normal EEG returns compared with younger patients.50 Propofol has favorable ef-
fects on CNS parameters, because it lowers cerebral metabolic rate (CMRO2), cere-
bral blood flow (CBF), and intracranial pressure (ICP).51 When given as a bolus,
propofol can lower the mean arterial pressure (MAP) considerably, possibly lowering
cerebral perfusion pressure (CPP) below a critical level. This latter consideration is of
prime importance in older adults because they are more apt to have critical carotid or
aortic valvular stenosis. The range of cerebral autoregulation may be altered signifi-
cantly if the patient has chronic hypertension; these patients are more apt to have
blood pressure lability with induction. Thus, it seems that increasing age causes
changes in the brain that increase the effective potency of propofol for the geriatric
patient.
The mechanism of action of benzodiazepines on the GABA receptor (and its various

subtypes) is reasonably well understood.52–54 The onset and duration of action of a
bolus IV administration of midazolam depend largely on the dose given and time at
which the dose is administered; the higher the dose given over a shorter time (bolus),
the faster the onset. The time to establish equilibrium between plasma concentration
and EEG effect of midazolam is approximately 2 minutes to 3 minutes and is not
affected by age.55 Although there may not be a PK change, however, there seems
to be a clear PD effect of increased risk of delirium with benzodiazepines, especially
in older adults, when used as an infusion in the intensive care unit (ICU).56,57 Whether
Fig. 1. Effect of age on propofol pharmacodynamics. This logistic regression shows the age-
related probability of being asleep after a 1-hour infusion of propofol. A 75-year-old patient
is 30% to 50% more sensitive to propofol than is a 25-year-old patient. (From Schnider TW,
Minto CF, Shafer SL, et al. The influence of age on propofol pharmacodynamics. Anesthesi-
ology 1999;90(6):1510; with permission.)
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this is true for small doses in the perioperative period has not been definitively
shown.58 Recommendations by the American Geriatrics Society (with representation
from both surgery and anesthesiology) recommend avoidance of benzodiazepines,
limiting their use to special circumstances.59

Etomidate induces changes in CBF, CMRO2, and ICP similar to propofol, but it does
not result in the same changes in MAP.60 This is of particular importance in the older
patient at risk for ischemic stroke secondary to carotid occlusion. Overall, there are no
PD changes with age with respect to etomidate as measured by EEG,60 but etomidate
is associated with a higher rate of postoperative nausea and vomiting than other in-
duction drugs, and this seems unchanged in the elderly.61,62

Ketamine has received particular attention in older adults over the past few years
because there was a concern that its use may be associated with increased delirium
after surgery. Several studies in the past decade have shown a decreased incidence
of postoperative delirium after cardiopulmonary bypass in anesthetized elderly patients
treated with ketamine (0.5mg/kg–1mg/kg) comparedwith placebo.63,64 More recently,
a large international, multicenter, randomized controlled trial demonstrated that keta-
mine neither increased nor decreased postoperative delirium.65 A planned substudy
showed that intraoperative ketamine infusions were not associated with any reduction
in new depressive symptoms after surgery, which is interesting given the interest of
prolonged outpatient ketamine infusions for reducing depression.66 Overall, there are
no reports of PD changes in the elderly compared with in young adults.
Finally, dexmedetomidine has emerged as a medication frequently used for seda-

tion in the perioperative period and the ICU setting, as discussed previously. Few
studies have addressed whether there are PD changes with aging that would affect
dexmedetomidine dosing. One small study comparing elderly and young patients
showed no difference in PD parameters, although the elderly did require more inter-
ventions from a hemodynamic perspective.67

Respiratory System

In addition to age-related PD changes in the CNS, there are important age-related
changes in the respiratory system that should be understood in order to provide
optimal care related to anesthesia pharmacology. Propofol causes dose-related
depression of ventilation.68,69 In standard induction doses, propofol causes apnea
whereas infusions for sedation cause increasing levels of respiratory depression.70

Additionally, airway reflexes are depressed and both the hypoxic and hypercapnic
ventilatory responses are blunted with propofol administration, all of which are
greatly enhanced by the addition of opioids.70–74 Due to changes in pulmonary anat-
omy and mechanics in older adults (increased closing capacity, decreased func-
tional residual capacity, and decreased strength of cough to clear secretions), all
these effects of propofol can have profound consequences.75 Similar to propofol,
older age and debilitating disease increase the incidence and severity of respiratory
depression with midazolam.76 Conversely, etomidate, dexmedetomidine, and
ketamine all cause less respiratory depression in older patients than benzodiaze-
pines or propofol, even in induction doses.77–80 This advantage can make these
medications useful choices in the setting of an elderly patient with diminished res-
piratory reserve, although care would need to be taken related to cardiovascular ef-
fects of dexmedetomidine.

Cardiovascular System

Another major consideration in older adults involves the interaction of PD changes in
the cardiovascular system related to anesthetic agents. Propofol can cause profound
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changes in MAP through reduced vascular resistance when given in induction bolus
doses.81 In the young adult patient, this is well tolerated and easily reversed by airway
manipulation. In elderly patients, many of whom are hypertensive at baseline, the de-
gree of hypotension is increased due to reduced baroreceptor reflex responses, a
higher likelihood of ventricular dysfunction, and greater likelihood of hypovolemia
due to chronic diuretic therapy.82 As such, propofol may be avoided for patients
with severe cardiovascular disease (eg, severe/critical aortic stenosis or ventricular
dysfunction). Many of these deleterious effects can be greatly reduced if a slower in-
duction is performed rather than a rapid bolus.83

Unlike propofol, etomidate has minimal effects on the cardiovascular system during
induction. Reduction in vascular resistance is minimal, and myocardial contractility,
heart rate, and cardiac output usually are unchanged.84 These aspects of the PD
profile of etomidate make it useful for older adults who may have reduced preload,
coronary artery disease, valvular disease, or reduced ventricular function. Like etomi-
date, midazolam alone has modest hemodynamic effects. But, the addition of opioids,
especially fentanyl and sufentanil, to benzodiazepines result in greater reductions in
blood pressure than either alone.85–87 Ketamine also has a favorable hemodynamic
profile, even in the elderly. It can cause transient increases in heart rate, blood pres-
sure, and cardiac output but these parameters return to baseline within minutes and
can be controlled with a short-acting b-blocker, such as esmolol.88 Overall, titrated
doses are well tolerated in older adults, including the critically ill, but ketamine should
be used with great caution in patients with severe stenotic valvular lesions, active
myocardial ischemia, or decompensated heart failure.
Finally, dexmedetomidine has been shown to be of benefit in reducing delirium in

the ICU setting (likely by avoiding benzodiazepines). It can, however, have significant
hemodynamic effects through bradycardia and peripheral vasodilation. Accordingly,
for the reasons discussed previously, the hemodynamic effects of dexmedetomidine
tend to be more pronounced in elderly patients and this means dosing should be
reduced or boluses administered more slowly than in young adults.89
IMPLICATIONS FOR PRACTICE: ANESTHETIC DOSING RECOMMENDATIONS IN THE
ELDERLY
Opioids

A large variety of opioids with heterogeneous pharmacokinetics are available for peri-
operative use, with properties ranging from lipophilic to hydrophilic and clearance by
the liver or in plasma, with and without active or toxic metabolites. Coverage of the
breadth of opioids is beyond the scope of this article, but in general, older adults expe-
rience prolonged clearance of morphine, fentanyl, remifentanil, and meperidine but
not sufentanil.33,90–92 Reduced renal clearance of active or toxic metabolites make
meperidine and morphine particularly risky in older or renally impaired individuals. In
contrast, the PD changes with aging are more uniform across medications. Older in-
dividuals are markedly more sensitive to the analgesic effects as well as the sedative
and respiratory depressant side effects of opioids.93,94 Considering the PD and PK
changes and their interindividual variability, opioid titration in the elderly should pro-
ceed carefully, with significantly reduced doses (25%–50%), longer redosing intervals,
and avoidance of drugs with toxic metabolites.

Benzodiazepines

Although PK changes in midazolam do not affect drug onset, clearance of the drug is
reduced by up to 30% with increased age, resulting in prolonged drug effect.95 PD
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changes result in increased sensitivity to benzodiazepine effect with age or comorbid
conditions. Early work advised a dose reduction of 20% to 50% in older patients and
those with ASA physical status of 3 or 4.96 Dose reduction of 75% in 90-year-old pa-
tients compared with 20-year-old patients produces similar sedative effects (Fig. 2).97

The deliriogenic effects of benzodiazepine infusions in elderly and critically ill patients
are well documented and warrant some hesitation when administering even low-dose
midazolam in the elderly. This is especially true when opioid coadministration is
planned, due to synergistic respiratory depression.98,99 In summation, benzodiaze-
pines should be used cautiously at significantly decreased doses in the elderly (if
they are used at all) (Table 1).

Propofol

The overall effects of propofol are pronounced in elderly patients, resulting in higher
plasma drug levels, increased sensitivity, and reduced clearance.49,82,83,100 Suggested
alterations in propofol administration with age include a 20% reduction in induction
dose, a decrease in speedof inductiondose administration, anda30%to50%reduction
in infusion rates for anesthetic maintenance.97 For example, a 75 year old requires only
half the maintenance infusion rate that a 25 year old would receive (Fig. 3). The context-
sensitive half-timeof propofol is approximately 20minutes to 30minutes after a 1-hour to
2-hour infusion in the elderly compared with only 10 minutes to 15 minutes in younger
patients. The practical effect of this is that propofol infusions should be stopped signif-
icantly earlier in the elderly to allow for timely awakening and recovery101 (see Table 1).

Etomidate

Etomidate PD parameters have not been shown to vary based on age, although PK
factors do change. Aging decreases etomidate clearance, lengthens elimination
Fig. 2. Response curves to verbal commands in patients of various ages at varying plasma levels
of midazolam. This demonstrates a pharmacodynamic change associated with aging in
response tomidazolam. (From Jacobs JR, Reves JG,Marty J, et al. Aging increases pharmacody-
namic sensitivity to the hypnotic effects ofmidazolam. Anesth Analg 1995;80(1):143–148; with
permission.)



Table 1
Uses and doses of commonly used nonopiate drugs

Drug
Sedation Dose
(Intravenous)

Induction/Bolus
Dose

Maintenance/
Infusion Dose

Dose Reduction
(%) for Older
Adults

Dexmedetomidine 0.5–1 mg/kga 0.5–3 mg/kga 0.1–2.5 mg/kg/h 30–50

Etomidate N/A 0.2–0.4 mg/kg N/A 20–50

Ketamine 0.2–0.5 mg/kg 1–2 mg/kg 10–20 mg/kg/min 0/unknown

Midazolam 0.02 mg/kg 0.025–0.1 mg/kg 0.3–1.5 mg/kg/min 20

Propofol 25–50 mg/kg/min 1.0–1.5 mg/kg 75–150 mg/kg/min 20

Thiopental N/A 2–5 mg/kg N/A 20

a Over 10 minutes to 20 minutes.
Data from Refs.109,112,118–121
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half-life, and, most significantly, decreases the initial volume of distribution, raising
drug plasma levels relative to younger controls. These PK changes are significant,
with a 50% to 66% reduction required for anesthetic induction in 80 year olds
compared with 20 year olds.102 (see Table 1). Although it is prized for its hemodynamic
stability during induction of anesthesia compared with other IV anesthetic agents, eto-
midate does produce significant, clinically relevant suppression of the adrenocortical
system lasting 6 hours to 8 hours with single doses.62 In patients experiencing sepsis
or trauma, etomidate can suppress cortisol levels for 24 hours to 72 hours. This potent
suppression of cortisol synthesis occurs even at low doses. A recent meta-analysis
did not find any effects, however, on mortality in critically ill patients.103 Additionally,
repeated use of etomidate for electroconvulsive therapy in patients who are not crit-
ically ill does not seem to have any harmful effects and likely promotes better seizure
duration.104
Fig. 3. Effect of age on propofol pharmacodynamics with a computer-controlled target-
controlled infusion. In younger people, higher infusion rates must be maintained during
the first 20 minutes to 30 minutes. In elderly people, after the first minute, a constant infu-
sion rate is adequate for maintaining a constant plasma concentration. A 75-year-old pa-
tient is 30% to 50% more sensitive to propofol than is a 25-year-old patient. (From
Schnider TW, Minto CF, Gambus PL, et al. The influence of method of administration and
covariates on the pharmacokinetics of propofol in adult volunteers. Anesthesiology
1998;88(5):1180; with permission.)
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Ketamine

Studies evaluating ketamine anesthesia do not provide guidance on dosing adjust-
ments with age.88,105 Studies of age-related dose adjustments for its modern usage
as an analgesic given in subanesthetic doses are lacking. The impact of subanesthetic
doses of ketamine on outcome varies by study, but there is no strong evidence of
benefit or harm on postoperative cognitive outcomes or rates of delirium.63,65,106,107

Because recommended doses for subanesthetic ketamine vary by an order of magni-
tude depending on the source, providing a dose recommendation is outside the scope
of this discussion108 (see Table 1).

Dexmedetomidine

Although the PKs of dexmedetomidine were not previously believed to vary with age,
more recent work suggests a prolonged clearance and increased context-sensitive
half-time in older adults.109 In patients with hypoalbuminemia, these changes are
more pronounced. Changes in dexmedetomidine PDs have not been elucidated, so
the increased effects of the drug in the elderly may reflect either the PK changes or
a combination of PD and PK changes. Regardless, a dose reduction of 33% is recom-
mended for dexmedetomidine in the elderly, with titration to the appropriate level of
sedation.110 Adjustments should be made to the doses used in younger individuals
for both bolus (0.5–1.0 mg/kg over 10 minutes) and infusion (0.2–1.0 mg/kg/h)
dosing.109 Although dexmedetomidine side effects, such as hypotension and brady-
cardia, are more common in the elderly (especially with bolus dosing), the drug offers
several advantages, such as decreases in anesthetic requirements, opioid doses,
agitation scores, and delirium incidence.110–112 (see Table 1).

Nondepolarizing Neuromuscular Blockers

The PD parameters for neuromuscular blocking (NMB) drugs from the tetrahydroiso-
quinoline class (cisatracurium) and aminosteroid class (rocuronium and vecuronium)
do not change with age. This means that age-related differences in clinical effect
are entirely explained by PK changes, with no difference in receptor sensitivity related
to aging.113 Clearance of rocuronium, primarily by the liver, decreases with age, result-
ing in longer elimination half-life and prolonged drug effect in older adults. To demon-
strate the magnitude of this difference, 1 study showed the half-life of a single 0.6 mg/
kg-dose rocuronium in septuagenarians to be 98 minutes, which is 16 minutes longer
than in younger controls.113 Thus, the redosing interval for rocuronium should be
longer in the elderly.
Cisatracurium is degraded largely by Hofmann elimination, with clearance indepen-

dent of age and an only slightly increased volume of distribution and elimination
half-life in the elderly. Onset in older patients is 1 minute slower (3.4 minutes vs 2.5 mi-
nutes), possibly related to slower circulation time.113 For cisatracurium, duration of ef-
fect and redosing interval are only trivially lengthened whereas time to optimal
intubating conditions may be delayed.

Sugammadex

Sugammadex, a selective relaxant binding agent, was approved in the United States
in 2015 for reversal of NMB caused by rocuronium or vecuronium. Its g-cyclodextrin
structure selectively encapsulates aminosteroid NMB and is cleared primarily by the
kidneys. Hypersensitivity (anaphylactic) reactions are the most severe complication
related to sugammadex use, with a reported incidence of 0.039% in 1 study.114

This is comparable in frequency to anaphylaxis with succinylcholine or rocuronium.
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Other issues with sugammadex include an up to 5% risk of residual NMB when train-
of-four (TOF) monitoring is not used to monitor relaxation and guide therapy.
Older adults differ in response to sugammadex therapy in several ways. They expe-

rience a slower spontaneous recovery of TOF, a slower onset of sugammadex effect,
and a higher incidence of recurarization (worsening of TOF ratio) after sugammadex
therapy compared with younger patients.115 Patients with severe renal impairment
also experience prolonged time to spontaneous recovery of TOF and slower onset
of sugammadex.116 This may be related to renal clearance of sugammadex and the
sugammadex/NMB complex. In all groups, it is important to recognize that recovery
to a TOF ratio greater than 0.9 is still significantly faster than with neostigmine reversal
of NMB activity. All patients, but especially older adults and those with renal insuffi-
ciency, should receive TOF monitoring to appropriately guide sugammadex
therapy.117

Volatile Anesthetics

As discussed previously, MAC requirements for all volatile anesthetics decrease with
age.21 Targeting a lower end-tidal anesthetic concentration in the elderly is advisable
and iso-MAC charts or electronic resources can provide guidance.

SUMMARY

Providing the highest level of anesthetic care for elderly patients requires a thoughtful
approach that accounts for the many physiologic PK and PD changes that occur with
aging. Because older adults often are excluded from large trials due to age or comor-
bidity, developing a thorough understanding of their needs can be challenging but not
impossible. Ongoing research, particularly with respect to the pharmacologic changes
of aging, continues to expand understanding and improve care of older patients
throughout the perioperative period.
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90. Odar-Cederlof I, Boréus LO, Bondesson U, et al. Comparison of renal excretion
of pethidine (meperidine) and its metabolites in old and young patients. Eur J
Clin Pharmacol 1985;28(2):171–5.

http://refhub.elsevier.com/S1932-2275(19)30037-0/sref70
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref70
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref71
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref71
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref71
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref72
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref72
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref72
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref73
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref73
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref74
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref74
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref75
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref75
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref75
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref76
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref76
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref77
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref77
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref77
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref78
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref78
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref79
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref79
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref80
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref80
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref80
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref81
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref81
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref82
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref82
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref82
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref83
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref83
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref83
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref83
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref84
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref84
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref84
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref86a
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref86a
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref86
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref86
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref87
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref87
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref88
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref88
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref89
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref89
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref89


Geriatric Pharmacology 491
91. Matteo RS, Schwartz AE, Ornstein E, et al. Pharmacokinetics of sufentanil in the
elderly surgical patient. Can J Anaesth 1990;37(8):852–6.

92. Minto CF, Schnider TW, Egan TD, et al. Influence of age and gender on the phar-
macokinetics and pharmacodynamics of remifentanil. I. Model development.
Anesthesiology 1997;86(1):10–23.

93. Scott JC, Ponganis KV, Stanski DR. EEG quantitation of narcotic effect: the
comparative pharmacodynamics of fentanyl and alfentanil. Anesthesiology
1985;62(3):234–41.

94. Macintyre PE, Jarvis DA. Age is the best predictor of postoperative morphine
requirements. Pain 1996;64(2):357–64.

95. Polasek TM, Patel F, Jensen BP, et al. Predicted metabolic drug clearance with
increasing adult age. Br J Clin Pharmacol 2013;75(4):1019–28.

96. Reves JG, Fragen RJ, Vinik HR, et al. Midazolam: pharmacology and uses.
Anesthesiology 1985;62(3):310–24.

97. Shafer SL. The pharmacology of anesthetic drugs in elderly patients. Anesthe-
siol Clin North America 2000;18(1):1–29, v.

98. Gross JB, Zebrowski ME, Carel WD, et al. Time course of ventilatory depression
after thiopental and midazolam in normal subjects and in patients with chronic
obstructive pulmonary disease. Anesthesiology 1983;58(6):540–4.

99. Brogden RN, Goa KL. Flumazenil. A reappraisal of its pharmacological proper-
ties and therapeutic efficacy as a benzodiazepine antagonist. Drugs 1991;
42(6):1061–89.

100. Schnider TW, Minto CF, Gambus PL, et al. The influence of method of adminis-
tration and covariates on the pharmacokinetics of propofol in adult volunteers.
Anesthesiology 1998;88(5):1170–82.

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

102. Arden JR, Holley FO, Stanski DR. Increased sensitivity to etomidate in the
elderly: initial distribution versus altered brain response. Anesthesiology 1986;
65(1):19–27.

103. Bruder EA, Ball IM, Ridi S, et al. Single induction dose of etomidate versus other
induction agents for endotracheal intubation in critically ill patients. Cochrane
Database Syst Rev 2015;(1):CD010225.

104. Wang N, Wang XH, Lu J, et al. The effect of repeated etomidate anesthesia on
adrenocortical function during a course of electroconvulsive therapy. J ECT
2011;27(4):281–5.

105. Stefansson T, Wickstrom I, Haljamae H. Hemodynamic and metabolic effects of
ketamine anesthesia in the geriatric patient. Acta Anaesthesiol Scand 1982;
26(4):371–7.

106. Lee KH, Kim JY, Kim JW, et al. Influence of ketamine on early postoperative
cognitive function after orthopedic surgery in elderly patients. Anesth Pain
Med 2015;5(5):e28844.

107. Rascon-Martinez DM, Fresán-Orellana A, Ocharán-Hernández ME, et al. The ef-
fects of ketamine on cognitive function in elderly patients undergoing
ophthalmic surgery: a pilot study. Anesth Analg 2016;122(4):969–75.

108. Schwenk ES, Viscusi ER, Buvanendran A, et al. Consensus guidelines on the
use of intravenous ketamine infusions for acute pain management from the
American Society of regional anesthesia and pain medicine, the American
Academy of Pain Medicine, and the American Society of Anesthesiologists.
Reg Anesth Pain Med 2018;43(5):456–66.

http://refhub.elsevier.com/S1932-2275(19)30037-0/sref90
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref90
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref91
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref91
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref91
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref92
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref92
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref92
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref93
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref93
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref94
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref94
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref95
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref95
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref96
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref96
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref97
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref97
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref97
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref98
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref98
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref98
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref99
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref99
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref99
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref100
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref100
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref101
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref101
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref101
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref102
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref102
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref102
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref103
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref103
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref103
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref104
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref104
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref104
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref105
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref105
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref105
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref106
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref106
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref106
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref107
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref107
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref107
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref107
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref107


Andres et al492
109. 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.

110. Kim DJ, Kim SH, So KY, et al. Effects of dexmedetomidine on smooth emer-
gence from anaesthesia in elderly patients undergoing orthopaedic surgery.
BMC Anesthesiol 2015;15:139.

111. Ergenoglu P, Akin S, Bali C, et al. Effect of low dose dexmedetomidine premed-
ication on propofol consumption in geriatric end stage renal disease patients.
Braz J Anesthesiol 2015;65(5):326–32.

112. Kim J, Kim WO, Kim HB, et al. Adequate sedation with single-dose dexmedeto-
midine in patients undergoing transurethral resection of the prostate with spinal
anaesthesia: a dose-response study by age group. BMC Anesthesiol 2015;
15:17.

113. Matteo RS, Ornstein E, Schwartz AE, et al. Pharmacokinetics and pharmacody-
namics of rocuronium (Org 9426) in elderly surgical patients. Anesth Analg
1993;77(6):1193–7.

114. Miyazaki Y, Sunaga H, Kida K, et al. Incidence of anaphylaxis associated with
sugammadex. Anesth Analg 2018;126(5):1505–8.

115. Muramatsu T, Isono S, Ishikawa T, et al. Differences of recovery from
rocuronium-induced deep paralysis in response to small doses of sugammadex
between elderly and nonelderly patients. Anesthesiology 2018;129(5):901–11.

116. Panhuizen IF, Gold SJ, Buerkle C, et al. Efficacy, safety and pharmacokinetics of
sugammadex 4 mg kg-1 for reversal of deep neuromuscular blockade in pa-
tients with severe renal impairment. Br J Anaesth 2015;114(5):777–84.

117. Naguib M, Brull SJ, Kopman AF, et al. Consensus statement on perioperative
use of neuromuscular monitoring. Anesth Analg 2018;127(1):71–80.

118. Sun GC, Hsu MC, Chia YY, et al. Effects of age and gender on intravenous mid-
azolam premedication: a randomized double-blind study. Br J Anaesth 2008;
101(5):632–9.

119. Center for Drug Evaluation and Research: Dexmedetomidine Hydrochloride
(Precedex). 2010. Available at: https://www.accessdata.fda.gov/drugsatfda_
docs/nda/2010/021038Orig1s017.pdf. Accessed October 9, 2018.

120. Giovannitti JA Jr, Thoms SM, Crawford JJ. Alpha-2 adrenergic receptor ago-
nists: a review of current clinical applications. Anesth Prog 2015;62(1):31–9.

121. Hansen TG. Sedative medications outside the operating room and the pharma-
cology of sedatives. Curr Opin Anaesthesiol 2015;28(4):446–52.

http://refhub.elsevier.com/S1932-2275(19)30037-0/sref108
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref108
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref108
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref109
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref109
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref109
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref110
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref110
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref110
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref111
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref111
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref111
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref111
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref112
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref112
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref112
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref114
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref114
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref115
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref115
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref115
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref116
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref116
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref116
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref117
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref117
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref118
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref118
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref118
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2010/021038Orig1s017.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2010/021038Orig1s017.pdf
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref120
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref120
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref121
http://refhub.elsevier.com/S1932-2275(19)30037-0/sref121

	Geriatric Pharmacology
	Key points
	Introduction
	Pharmacokinetic changes in the elderly
	Drug Absorption
	Drug Distribution
	Drug Metabolism and Excretion

	Pharmacodynamic changes in the elderly
	Central Nervous System
	Respiratory System
	Cardiovascular System

	Implications for practice: anesthetic dosing recommendations in the elderly
	Opioids
	Benzodiazepines
	Propofol
	Etomidate
	Ketamine
	Dexmedetomidine
	Nondepolarizing Neuromuscular Blockers
	Sugammadex
	Volatile Anesthetics

	Summary
	References


