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Ke y Points
1 The aging of America presents a medical and economic
challenge to the entire health care system as older patients
present for surgery in ever-increasing numbers.
2 The aging process affects connective tissue and cellular
function, including the mitochondria, and inevitably leads to
decreased function and, ultimately, frailty.
3 The rate at which diminished function and frailty develop is highly
variable and lends credence to the concept of physiologic age.
4 Decreased organ reserve and increased sensitivity to anesthetic
agents result from generalized body composition changes such
as connective tissue stiffening and decreased muscle mass, plus
impaired autonomic relexes, and increased sensitivity to drugs.
5 Preoperative preparation will more often involve evaluation
of how best to enhance recovery of function after surgery, and

discussions surrounding informed consent, living wills, and
ethical treatment of the older patient.
6 Intraoperative management must take into account the increased
sensitivity to drugs in the elderly patient, as well as an increased
likelihood of hemodynamic, pulmonary, and thermoregulatory
instability.
7 Analgesia is an important component of postoperative care,
but is made more dificult by the increased likelihood of
adverse consequences from the analgesic regimen.
8 Perioperative complications, most notably pulmonary, cardiac,
and central nervous system complications such as delirium or
cognitive decline, occur more commonly in the elderly patient
because of an interaction between comorbid disease and the
decreased physiologic reserve of aging.

Mult imedia
1 Age-Related Changes in Body Composition

Age is not a particularly interesting subject. Anyone can get old. All
you have to do is live long enough.
—Don Marquis
The above quote suggests that aging is dull. To many medical
practitioners, it is far worse than “dull.” It is frustrating from its
complexity of care, and discouraging in its monetary reimbursement. To those concerned with the federal budget, medical care
for the aged threatens to bankrupt the nation. Nevertheless, the
impact of aging on the practice of medicine is far-reaching and
profound, and therefore cannot be ignored. Just as children are

2 Cardiovascular Response to Orthostasis

not “little adults,” the older patient is truly different from the
younger adult counterpart. All caregivers, including anesthesiologists, should be knowledgeable of at least some aspects of aging in
order to provide intelligent deviation from their standard practice. Basic information is more available than ever before, much
of it electronically from the American Society of Anesthesiologists
(www.asahq.org), the Society for the Advancement of Geriatric
Anesthesia (www.sagahq.org), and the American Geriatrics Society (www.americangeriatrics.org). In reality, caring for an older
patient is rarely dull, if for no other reason than their diverse and
fascinating lives. Anyone with a passing interest in physiology
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should enjoy the application of aging physiology to anesthetic
management. Yes, their care is often time-consuming, stressful,
and requires extra effort, but more often than not it provides
the anesthesia caregiver the opportunity to truly practice medicine and make a positive impact on a vulnerable patient’s life.

DEMOGRAPHICS AND
ECONOMICS OF AGING
I advise you to go on living solely to enrage those who are paying your
annuities. It is the only pleasure I have left.
—Voltaire
When Social Security was initiated in 1935, only 6.1% of the US
population was older than 65 years.a By 2010 that percentage had
grown to 13% and represented 40 million people. By 2030 it is
expected to be nearly 20% of the US population and represent 71
million people. The percentage of the US population older than
85 is expected to double from 2010 (1.9%) to 2040 (estimated
3.7%). The growth of the US population and its older subgroups
is shown in (Fig. 33-1). The impact of these statistics is enormous
with respect to medical care. In 2007, patients over 65, 13% of the
population, accounted for 43% of the total US 165 million inpatient days, a rate per capita 5 times greater than those under 65.1
Upon examination of the 2006 inpatient and ambulatory procedure data, there were found to be an estimated 73 million surgical and nonsurgical procedures performed in the United States
after exclusion of procedures that were unlikely to have involved
anesthesia services.2,3 Of these, 28% were on patients older than
65 years. Thus it appears that people over age 65 have surgery 2.7
times more often than people under age 65.
Federal spending for Medicare in 2011 was $498 billion or
1 13.5% of the federal budget.b This amount is more than 2.5 times
what was spent in 2000, and represents a 2.2-fold increase per
enrollee.b,c As impressive as Medicare expenditures may be, federal spending grossly underestimates the total cost of all health
care spending for people over age 65. It is estimated that people
over age 65 account for nearly half of the nation’s health care
costs. For 2011, total US health costs are estimated at $2.7 trillion, or approximately 17.7% of the gross national product.d In
consequence, there is considerable pressure to contain health care
costs in this country, including physician reimbursement, by both
private insurance companies and the federal government. Unfortunately, federal reimbursement to anesthesiologists is especially
poor. In 2004, Medicare reimbursed anesthesia care at approximately 33% of what commercial insurance companies paid.e This
percentage is in sharp contrast to all other specialties, for which
Medicare reimbursement is approximately 83% of commercial
rates.e The average conversion factor has improved considerably
in the last few years. Nevertheless, the 2011 national average value
of $21.05 has barely matched inlation since the nadir of $16.60
in 2002.f Although Medicare will reimburse at the 50% level for
up to four concurrent medically directed procedures, academic
programs had been at a disadvantage since faculty are not permita
b

www.census.gov, accessed Nov. 27, 2011.

http://www.gpoaccess.gov/usbudget/fy11/pdf/hist.pdf, accessed Nov. 29, 2011.

c

http://www.gpoaccess.gov/usbudget/fy05/pdf/hist.pdf, accessed Nov. 29, 2011.
https://www.cms.gov/NationalHealthExpendData/downloads/proj2010.
pdf, accessed Nov. 29, 2011.
e
http://www.gao.gov/new.items/d07463.pdf.
f
https://www.cms.gov/center/anesth.asp.
d

FIGURE 33-1. The actual and estimated US population from 1940 to
2040 is shown broken down by age range. Yellow bar, age <65; purple
bar, age 65 to 74; green bar, age ≥75 for years 1940 to 1970, and age
75 to 84 from 1980 on; red bar, age ≥85. Data source: Statistical Abstract of the United States (www.census.gov).

ted to staff more than two procedures simultaneously if residents
were involved. Fortunately, as of 2010, Medicare reimburses academic institutions at 100% for two concurrent cases.

THE PROCESS OF AGING
You can’t help getting older, but you don’t have to get old.
—George Burns
There are many theories of aging, and it is possible that each plays
a role in the physiologic changes of aging and the inevitability of
death. Some theories of programmed aging suggest that there are
genetic codes that dictate how long a cell (and the organism as a
whole) will live. This “killer gene” theory would have to confer
an advantage to species survival for evolution to result in programmed death. Although this phenomenon does occur in nature
(e.g., females of certain species of octopi), there is little evidence
that such a mechanism applies to mammals. Another theory of
limited cell viability is the attractive hypothesis of telomere shortening. Each time a cell divides, a telomere is cleaved off the DNA.
When the DNA runs out of telomeres, the cell cannot divide and
will eventually die.4 Such limited cell division occurs in cultured
mammalian cells, and although species life span correlates roughly
with the number of allowable cell divisions, there is little evidence
that telomere shortening affects human life span. Furthermore,
aging involves more than just the death of the organism.
Mammalian aging clearly involves a gradual, cumulative process of damage and deterioration. The question could be posed:
Why is such a process allowed in nature? Teleologic reasoning
would suggest that once offspring have been raised, there is no
further need for continued survival of the individual. Protective
mechanisms against aging are costly to the organism, so the “disposable soma” theory of aging states that antiaging mechanisms
only need to be good enough to give the next generation the best
opportunity to reproduce. In fact, most of the gains in average
human life span have been as the result of reducing those factors
that cause premature death: Predation, accidents, and disease.
The inability to thwart aging completely implies that the average
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functional Reserve and the
Concept of frailty
Old age is no place for sissies.
—Bette Davis

index of physiologic age would be available that would quantify
functional reserve. One interesting approach to this objective that
is available to the lay public is to quantify many of the known modiiable and nonmodiiable factors that inluence life expectancy.g By
plugging one’s individual data into the program, a measure of how
old you are relative to your chronologic age is provided, plus tips
on how you can improve your health status and “lower” your age.
Such an approach may be useful for promoting a healthy lifestyle,
but does not address the ultimate goal of being able to quantify the
reserve of each organ system, including the brain, and predict the
risk of common perioperative complications.

THE PHYSIOLOGY OF ORGAN AGING
“If I’d known I was going to live this long, I’d have taken better care
of myself.”
—James Hubert ‘Eubie’ Blake, age 100
Deining what constitutes “normal aging” is dificult. Is it what
happens under the best of circumstances, or what happens to the
“average” person? Comparisons of young and elderly subjects
may not strictly relect aging, as the elderly subjects may have
experienced a much different diet, lifestyle, and environmental
exposure than what the young group will experience by the time
they become old. Following a group of healthy subjects over a
long period is more likely to deine the effects of aging, but not
all available data come from such longitudinal studies. Studies
that examine only the very old persons may actually underestimate the typical effects of aging because individuals generally do
not achieve old age unless there is something intrinsically robust
about them. Lastly, the reader is reminded that, as with the discussion of physiologic age, the effects of aging apply in varying
degrees to any given patient, and that disease will interact with
aging to further diminish functional organ reserve.

Functional reserve represents the degree to which organ function can increase above the level necessary for basal activity. For
healthy individuals, reserve peaks at approximately age 30, gradually declines over the next several decades, and then experiences
more rapid decline beginning around the eighth decade. AssessChanges in Body Composition, and
ment of reserve is something anesthesiologists perform all the time.
For example, the ability to achieve a minimum of four metabolic
Liver and Kidney Aging
equivalents appears to confer enough cardiovascular reserve to tolerate the stress of most surgical procedures.7 Even without formal
I have everything I had twenty years ago, only it’s all a little bit lower.
assessment, an intuitive sense of reserve is often obtained through
—Gypsy Rose Lee
simple observation. A person who looks and acts old presumably
has suffered more from the aging process, regardless of chronoChanges in body composition are primarily characterized by a
logic age. The loss of subcutaneous tissue, unsteady or slowed gait,
gradual loss of skeletal muscle and an increase in body fat, although
decreased cognition or memory, a stooped body habitus, and mini- 1 the latter is more prominent in women (Fig. 33-2). Basal metabomal muscle mass all contribute to the impression of frailty. It turns
lism declines with age, with most of the decline accounted for by
out that some of these traits may well correlate with reserve. For
the change in body composition.11 There is a reduction in total
example, sarcopenia is a serious problem for the very old, and when 4 body water that relects the reduction in cellular water that is assosevere enough, can lead to an accelerated deterioration with further
ciated with a loss of muscle and an increase in adipose tissue.12
weight loss, mental and physical decline, and increased mortality.8
Aging causes a small decrease in plasma albumin levels; however,
Indexes of frailty have been constructed and found to not only corthere is a small increase in a1 acid glycoprotein.13 The effect of
relate with disability and mortality in community dwelling elderly,
these changes on drug protein binding and drug delivery, however,
but also correlate with postoperative complications, especially the
appear to be minimal.
likelihood of discharge to a skilled or assisted living facility.9,10
Liver mass decreases with age, and accounts for most, but not
all, of the 20% to 40% decrease in liver blood low.14 There is also
a modest reduction in phase I drug metabolism and bile secretion
with age. Other than the effect of aging on drug metabolism, liver
Physiologic Age
reserve should be more than adequate even in the very old in the
absence of disease.
If you didn’t know how old you were, how old would you be?
Renal cortical mass also decreases by 20% to 25% with age, but
—James Hubert ‘Eubie’ Blake
the most prominent effect of aging is the loss of up to half of the
3 The aging process is highly variable from one individual to the
next. The older we get, the more different we become. Ideally, an
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www.RealAge.com, accessed Dec. 5, 2011.
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human life span is limited, and that if everyone died only of “old
age,” the age at death would end up being a bell-shaped curve
centered at a certain value, probably around age 85.5 Nevertheless, it is possible that the bell-shaped curve could be shifting to a
higher value, but how far it can be shifted is unclear.
A variety of deleterious processes continually attack DNA,
2 proteins, and lipids. The primary culprits are free radicals and
nonenzymatic glycosylation of sugars and amines. Free radicals
are a by-product of oxidative metabolism, whereas glycosylation
is enhanced by elevated glucose levels. Many of the changes associated with aging are the result of damage to protein. Collagen
becomes stiffer from aromatic ring cleavage and by cross-linking
to other collagen molecules. Elastin, once damaged and removed,
is usually replaced by the stiffer collagen. In the cardiovascular
system, arteries, veins, and the myocardium all stiffen with age.
In contrast, lung parenchyma becomes less stiff because of loss of
elastin without collagen substitution. DNA damage occurs as well
and, curiously, mitochondrial DNA suffers more damage than
nuclear DNA. In fact, one hypothesis of terminal aging and death
is that we run out of energy as the mitochondria become less able
to produce ATP. Damage to lipids also appears to play a major
role in senescence and life span.6 Caloric restriction, well documented to increase life span in small mammals, probably does so
by decreasing the rate of oxidative damage.
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By the time you’re eighty years old you’ve learned everything. You
only have to remember it.
—George Burns
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FIGURE 33-2. Age-related changes in body composition are genderspecific. In women, total body mass remains constant because increases
in body fat (upper shaded segment) offset bone loss (middle segment)
and intracellular dehydration (lower shaded segment). In men, body
mass declines despite maintenance of body lipid and skeletal tissue elements because accelerating loss of skeletal muscle and other components of lean tissue mass produces marked contraction of intracellular
water (lower shaded segment).

glomeruli by age 80.15 The decrease in the glomerular iltration
rate of approximately 1 mL/min/yr after age 40 typically reduces
renal excretion of drugs to a level where drug dosage adjustment
becomes a progressively important consideration beginning at
approximately age 60. Nevertheless, the degree of decline in glomerular iltration rate is highly variable and is likely to be much
less than predicted in many individuals, especially those who
avoid excessive dietary protein.16
The aged kidney does not eliminate or retain sodium when
necessary as effectively as that of a young adult.16 Part of the
failure to conserve sodium when appropriate may be because
of reduced aldosterone secretion. Similarly, the aged kidney
does not retain or eliminate free water as rapidly as young kidneys when challenged by water deprivation or free water excess.
Lastly, the sensation of thirst declines with age. In short, luid and
electrolyte homeostasis is more vulnerable in the older patient,
particularly when an older patient suffers acute injury or disease
and eating and drinking becomes more of a chore.
For the most part, functional endocrine decline does not
interact with anesthetic management to any signiicant degree.
However, aging is associated with decreased insulin secretion
in response to a glucose load, and also increased insulin resistance, particularly in skeletal muscle.17 Thus, even healthy elderly
patients may require insulin therapy more often perioperatively
than young adults. Aging also results in decreases in testosterone, estrogen, and growth hormone production.18 The use of
hormonal therapy to reduce sarcopenia, frailty in general, and
cognitive decline and dementia is the subject of considerable current investigation, but has no current application to anesthetic
management.

Brain mass begins to decrease slowly beginning at approximately
age 50 and declines more rapidly later, such that an 80-year-old
brain has typically lost 10% of its weight.19 Neurotransmitter functions suffer more signiicantly, including dopamine, serotonin,
g-aminobutyric acid, and especially the acetylcholine system.20
The latter is especially important because of its connection to
Alzheimer’s disease. Response times increase, and learning is more
dificult, but vocabulary, “wisdom,” and past knowledge are better
preserved.19 Nevertheless, of those individuals aged 85 and older,
nearly half have signiicant cognitive impairment. In addition,
some degree of atherosclerosis appears to be inevitable. Fortunately, and contrary to prior belief, the aged brain does make new
neurons and is capable of forming new dendritic connections.21
Perhaps the best-known effect of brain aging as it applies to
anesthesia is the approximately 6% decrease in MAC (minimum
alveolar concentration) per decade after age 40.22 This effect of
aging is relatively simple to deal with in the clinical arena. Much
more dificult is the potential interaction of anesthesia, the stress
of surgery, and a brain with minimal reserve. Age is a major risk
factor for postoperative delirium and/or cognitive decline (see
“Perioperative Complications”). The other pertinent brain aging
phenomenon is pharmacodynamic.

Drug Pharmacology and Aging
I don’t do alcohol anymore – I get the same effect just standing up fast.
—Author Unknown
Drugs typically have a more pronounced effect in an older patient.
The cause can be either pharmacodynamic, in which case the target
organ (often the brain) is more sensitive to a given drug tissue level,
or the cause can be pharmacokinetic, in which case a given dose of
drug commonly produces higher blood levels in older patients.
Most intravenous anesthetic drugs are highly lipid soluble and
so begin to enter tissue even before fully mixed in the blood. The
rate of transfer depends on the rate of delivery (concentration
times blood low per gram of tissue), the concentration gradient
of the drug between the blood and the tissue (obviously a high
gradient initially), the ease with which the drug crosses the blood
and tissue membranes, and the solubility of the drug in the tissue. Thus, the vessel-rich group (brain, heart, kidney, muscle)
will acquire drug much more rapidly than the vessel-poor group
(fat, bone). Protein binding may affect transfer, with drugs that
are highly protein-bound having a lower free concentration and a
slower rate of transfer.
Given the preceding, there are many ways for a drug bolus to
have a more pronounced initial effect on older patients. During
the drug redistribution phase the blood concentration typically
is higher in older patients, partly because of a mildly contracted
blood volume and partly because the reduction in muscle mass
slows removal of the drug from blood. By keeping drug blood
levels higher for a longer time, more drug will be driven into the
other organs of the vessel-rich group such as brain (often the
target organ) or heart. A prime example of this phenomenon is
sodium pentothal, and to a lesser degree, propofol.23
Despite the fact that drugs typically have a greater effect on
older patients, there is a general impression that bolus drugs take
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FIGURE 33-3. The effect of age on the volume of distribution at
steady state (Vdss) for pentothal in women. (Reprinted from: Jung D,
Mayersohn M, Perrier D, et al. Thiopental disposition as a function of age
in female patients undergoing surgery. Anesthesiology. 1982;56:263,
with permission.)
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FIGURE 33-4. The effect of age on the elimination half-life of diazepam. The half-life in hours is equal to approximately the patient’s age
in years. (Reprinted from: Klotz U, Avant GR, Hoyumpa A, et al. The
effects of age and liver disease on the disposition and elimination of
diazepam in adult men. J Clin Invest. 1975;55:347, with permission.)

liver mass and blood low will decrease clearance for both high
and low extraction drugs. In addition, elderly patients are often
on a host of chronic medications, a setup for drug interactions as
well as for inhibition of drug metabolism. Drugs with primarily
renal elimination will experience decreased metabolism because
of reductions in glomerular iltration rate with aging. The net
effect on drug metabolism is typically a doubling of the elimination half-life between old and young adults. However, with some
drugs, the effect on half-life can be dramatic. In the case of diazepam, the half-life in hours is roughly equal to the patient’s age
(Fig. 33-4).25 For a 72-year-old person, it would therefore require
3 days to metabolize half of a dose of diazepam. Such pharmacokinetics clearly illustrate why there is no place in modern medicine for the chronic use of diazepam and other drugs with similar
half-lives when the desired effect is supposed to be transient (e.g.,
as a sleeping aid).
When dealing with infusions—or for that matter a series of
bolus injections—the time it takes to decrease the blood and
target organ drug levels to below the therapeutic threshold
will depend on many factors. This is where the concept of the
context-sensitive half-time proves useful; that is, the time necessary for a 50% (or any desired percent) decrease in plasma concentration following termination of an infusion. At one extreme,
if the residual level produced by the cumulative drug administration is still very low, and only a modest decrease in blood level
is necessary to reverse the drug effect, then the rapid redistribution of the most recently administered drug will lead to a rapid
decrease in the blood level and termination of effect. At the other
extreme, if there has been signiicant accumulation of drug in the
body, and/or the maintenance blood level was high, then a long
time may be required to decrease the drug levels enough to terminate the drug effect. As a general rule, the time to decrease the
effect-site drug concentration is increased most dramatically by
aging when a large percentage decrease in plasma level is necessary to dip below the therapeutic threshold.26
Review of the literature can yield a confusing picture when
trying to sort out what pharmacologic variable is responsible for
a given clinical effect. Fortunately, one does not need to know
such details in order to use anesthetic drugs in an intelligent
fashion with older patients. Table 33-1 summarizes some of this
information for many of the common anesthetic drugs.26–29 The
effect of aging on sedative–hypnotic agents variably involves both
pharmacodynamic and pharmacokinetic changes (Table 33-1).
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longer to achieve that greater effect. It is not entirely clear why
this is so. Slower circulation is sometimes hypothesized, but total
blood low to any organ does not appear to decrease beyond that
expected from the decrease in organ mass. Another possibility is
a slower rate of transfer into the target organ. Drug effects are the
result of tissue, not plasma concentrations. Brain–plasma equilibration is not instantaneous, and for at least some drugs (e.g.,
remifentanil), the equilibration half-life is prolonged in older
brains.24 Why crossing the blood–brain barrier should take longer
with age is not understood.
Ultimately, though, the drug will distribute throughout the
body based on tissue mass and solubility. Because most intravenous drugs used in anesthesia are highly lipid-soluble, most of
the drug will end up in fat. How completely the drug is dispersed
out of the blood and into the tissue is relected by Vdss, the drug’s
volume of distribution at steady state. This variable is expressed as
the liters of plasma that would be necessary to dilute the amount
of drug administered down to the concentration observed in
the plasma. As such, drugs that are very fat-soluble can have a
value for Vdss that is several times greater than total body water.
After the initial redistribution into vessel-rich group tissue, the
drug will slowly diffuse back into the plasma as it continues to be
absorbed into fat. In so doing, the target organ (e.g., brain) drug
level will fall because the target organ is always in the vessel-rich
group. Once a single therapeutic dose of a drug has fully distributed throughout the body, the blood and target organ drug levels
are typically too low to have a meaningful clinical effect. However, very large doses, repeated doses, or infusions will eventually deliver enough drug to yield residual drug levels that produce
therapeutic effects. At this point, the only way to decrease blood
and target organ levels and eliminate the drug’s effects is through
metabolism. The elimination or metabolic half-life of a drug in
the blood equals the volume of distribution at steady state (Vdss)
divided by the clearance, where clearance represents the amount
of blood from which drug is eliminated per minute.
The most prominent and consistent pharmacokinetic effect
of aging is a decrease in drug metabolism, typically due to both
a decrease in clearance and an increase in Vdss (Fig. 33-3). The
increase in Vdss with age is likely due to the increase in body fat.
Clearance decreases with age for any drug metabolized by the
liver or kidney. When drug metabolism is via the liver, decreased

895

896

SECTION vI Anesthetic Management

TABLE 33-1. EFFECT OF AGE ON DRUG DOSING
Drug

Bolus Administration

Multiple Boluses or Infusion

Commentsa

Propofol

20–60% reduction, dose on
lean body mass, 1 mg/kg
in very old

↑ brain sensitivity (by some reports),
decreased Vcen, slowed redistribution

Thiopental

20% reduction

50% reduction, infusions beyond 50
min progressively increase the time
required to decrease the blood level
by 50% (but effect-site levels may
decrease faster in elderly)
20% reduction

Etomidate
Midazolam

25–50% reduction
Compared to age 20, modest
reduction at age 60, 75%
reduction at age 90
Probably 50% reduction.
Peak morphine effect is
90 min (though half of
peak effect at 5 min)
50% reduction

—
Similar to bolus (metabolic t½ longer,
but not meaningful unless very
large doses are used)
Long effect-site equilibration time
translates into very slow reduction
in effect on termination of infusion
(4 h for 50% reduction)
50% reduction

Alfentanil,
sufentanil
Remifentanil

50% reduction

50% reduction

50% reduction

50% reduction

Hydromorphone

No studies on aging exist,
but assume increased
potency in elderly
No studies on aging exist,
but assume increased
potency in elderly
Use only for postoperative
shivering
Slower onset (≈33%)

Assume 50% reduction

Mivacurium

Equally fast onset in young
and old

Cisatracurium

Slower onset (≈33%)

Modest dose reduction for infusion,
longer recovery time on repeated
bolus
No signiicant changes with age

Rocuronium

Minimally slower onset

—

Pancuronium

—

—

Pipecuronium

Slower onset (≈50%), elderly
may be less sensitive
Slower onset (≈40%)
Similar dosing and onset

—

Morphine

Fentanyl

Methadone

Meperidine
Vecuronium

Succinylcholine
Edrophonium

Neostigmine

Despite pharmacokinetic
changes, some studies
indicate need for
increased dose with age

= brain sensitivity, decreased Vcen,
slowed redistribution
= brain sensitivity
↑↑ brain sensitivity

Metabolite morphine-6-glucoronide
build-up requires prolonged
morphine use, but its renal excretion
will make it very long-acting
↑ brain sensitivity, minimal changes
in pharmacokinetics; delayed
absorption from fentanyl patch
Probably ↑ brain sensitivity, minimal
changes in pharmacokinetics
Slower blood–brain equilibration,
suggesting slower onset and offset,
modest decreased Vcen
Compared with morphine, no active
metabolite, faster onset

Assume 50% reduction

—

Do not use

Toxic metabolite normeperidine, whose
renal excretion decreases with age
Slightly greater liver metabolism than
renal, age nearly doubles metabolic
t½
Elimination by plasma cholinesterase,
modest prolongation of metabolic
t½ by age
Mostly Hoffmann elimination, modest
prolongation of metabolic t½ by age
Liver metabolism slightly greater than
renal, modest increase in metabolic
t½ by age
Primarily renal elimination, aging
doubles metabolic t½
Primarily renal elimination, no
apparent change in metabolic t½

Slower recovery times

—
—

—

↑ Vcen, primarily renal elimination,

modest increase in metabolic t½ by
age
↑ Vcen, hepatic elimination, modest
increase in metabolic t½ by age

a
Vcen, central volume of distribution or initial volume of distribution. Although Vcen does not have an anatomic correlate, a smaller Vcen will increase initial plasma levels
and enhance transfer of the drug in the target organ (e.g., brain, muscle).
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aorta to accommodate that volume. Secondly, generalized arterial stiffening causes the pressure wave to transmit more rapidly.
In everyone, the pressure wave relects off the arterial walls and
branch points and returns to the thoracic aorta, but the relected
waves return more rapidly in an older person. In young people,
the relected waves do not reach the heart until after ejection is
complete. These waves are responsible for the modest bump in
pressure in the aortic root just after the dicrotic notch. But in older
people, the relected waves return to the heart by late ejection and
increase the pressure against which the left ventricle must pump to
complete the stroke volume. At the end of ejection the ventricular
contraction weakens, so ideal coupling would have the ventricle
pushing against an ever-decreasing pressure. Since in the older
person the ventricle must now pump against a higher pressure,
this increased stress to the muscle stimulates hypertrophy.
Hypertrophy in and of itself stiffens the ventricle, but even
worse, hypertrophy slows diastolic relaxation that, in turn,
impairs ventricular illing in early diastole. The left ventricle
now becomes more dependent on the atrial kick and requires an
increase in left atrial pressure in order to preserve diastolic illing. The increase in atrial pressure is present at rest, but can be
quite dynamic with acute increases during stress such as tachycardia. This phenomenon, termed diastolic dysfunction, increases in
Cardiovascular Aging
severity with age. The majority of cases of congestive heart failure
in very old persons are due to diastolic dysfunction and occur in
A man is as old as his arteries.
the absence of clinically signiicant systolic dysfunction.32,36
—Thomas Sydenham
Adequate ventricular illing becomes more critical with age.
Virtually all components of the cardiovascular system are affected
The decreased response to b-receptor stimulation requires the
by the aging process. The major changes include (1) decreased
ventricles to depend more on an adequate end-diastolic volume
response to b-receptor stimulation; (2) stiffening of the myocarto generate enough contractile strength via the length–tension
dium, arteries, and veins; (3) changes in the autonomic nervous
(Frank–Starling) relationship. The diastolic dysfunction requires
system with increased sympathetic activity and decreased parasyman increase in central and pulmonary venous pressure to mainpathetic activity; (4) conduction system changes; and (5) defective
tain that end-diastolic volume. The range in acceptable illing
ischemic preconditioning. Although atherosclerosis appears to
pressures ends up becoming narrower with age because too low
affect everyone by virtue of the fact that the mechanisms of aging
a pressure results in inadequate illing. Since the normal pressure
contribute to the development of atherosclerosis, it is not clear that
is already elevated, any further increase is that much closer to a
it inevitably leads to functional impairment or disease.
pressure that results in luid extravasation and adverse conseWith age, increased sympathetic activity is present at rest
quences such as pulmonary edema.
and there is typically an exaggerated response to stimuli that
Unfortunately, aging also decreases the ability to maintain illincrease sympathetic activity.30 Although there is some evidence
ing pressures in the acceptable range. In everyone, the veins serve
of decreased responsiveness of a-receptors with age, it apparas a reservoir for blood and serve to buffer changes in blood volently is not enough to prevent changes in vascular resistance from
ume in order to maintain central blood volume and ventricular
making a signiicant contribution to the lability in blood pressure
illing at an appropriate level. However, veins stiffen with age.37
observed during anesthesia or contribute to the decrease in blood
Venous stiffening impairs this buffering capacity and creates a
pressure when anesthesia removes that sympathetic tone.31,32
situation where modest changes in venous blood volume may
The eficacy of barorelex control of blood pressure decreases
produce more dramatic changes in venous pressures and cardiac
with age.33 The mechanism is primarily a decrease in the heart 2 illing. In short, the system has become inherently more unstarate response and not a decrease in the barorelex control of vasble as illustrated by the development of postural hypotension in
cular tone. The decreased heart rate response to changes in blood
elderly persons but not in young adults with mild hypovolemia
pressure is in part due to lesser vagal tone at rest but the major
(Fig. 33-5).38
mechanism is a decrease in the cardiac response to b-receptor
Rhythm disturbances may develop with age. Fibrosis of the
stimulation.32 The mechanism does not appear to be a downreguconduction system may lead to conduction blocks, and loss of
lation of b-receptors on the heart, but a defect in the intracelsinoatrial node cells may make the older patient more prone to
lular coupling. Both heart rate and contractility increase less in
sick sinus syndrome. The prevalence of atrial ibrillation exporesponse to endogenous release or exogenous administration of
nentially climbs with age, perhaps in part because of atrial
catecholamines. The increase in heart rate with exercise is thereenlargement with age.
fore also diminished, as is maximal heart rate (often quoted as
Aging appears to diminish or even eliminate any protective
220 minus age), and the decrement contributes to the decreased
effect of ischemic preconditioning, a phenomenon whereby a
exertional capacity with age, even in trained individuals. The
brief period of myocardial ischemia will lessen the adverse effects
decrease in resting vagal tone may limit the increase in heart rate
of a subsequent, more prolonged ischemic event. “Warm-up
after administration of atropine or glycopyrrolate.
angina” is the ability to achieve a higher level of exertion after
Conductance artery (aorta to arterioles) stiffening typically
irst exercising to the point of angina. Starting around age 65 the
leads to systolic hypertension via two mechanisms.34,35 First,
increment in the level of exertion progressively diminishes with
much of the stroke volume is stored in the thoracic aorta during
age.32 In younger adults, death or heart failure is a less frequent
ejection. Pressure must increase more to stretch out a stiffened
complication of a myocardial infarction if the patient had been
For the opioids, the older brain appears to be more sensitive than
that of young adults, whereas the pharmacokinetics of opioids are
largely unaffected by age.
Despite the loss of muscle and motor neurons with age, muscle relaxants do not appear to be more potent in the older patient
when steady-state blood levels for a given level of paralysis are
compared. Muscle relaxants often have a decreased initial volume
of distribution, but this pharmacokinetic change does not seem
to translate into smaller doses. For drugs eliminated by the liver
or kidney, and where the effect of a bolus is eliminated primarily by redistribution, multiple doses will result in drug accumulation, and each subsequent dose will have a more prolonged effect.
This phenomenon will be exaggerated in elderly patients because
of decreased metabolic elimination, and will be most prominent
with the long-acting agents. Given the risk of residual neuromuscular blockade with long-acting drugs such as pancuronium, coupled with the muscle and nervous system changes of aging that
increase the risk of ventilatory failure or aspiration postoperatively, it can be argued that long-acting neuromuscular blocking
agents should be used very carefully in an older patient, if at all.
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FIGURE 33-5. Young and elderly adults are subjected to a passive tilt
test in their euvolemic state and after an approximate 2 kg of water and
100 mEq of sodium loss. With tilt, blood pools in the legs. Although
young subjects tolerate tilt under both circumstances, the combination
of hypovolemia and tilt exceeds the compensatory mechanisms of the
older subjects. (Reprinted from: Shannon RP, Wei JY, Rosa RM, et al.
The effect of age and sodium depletion on cardiovascular response to
orthostasis. Hypertension. 1986;8:438, with permission.)

experiencing angina within 2 weeks of the myocardial infarction.
This protective effect of angina is not present in older adults.32
This section began with a quote from Thomas Sydenham.
Evidence is mounting that the quote is truly prophetic: Arterial
stiffening may indeed be a marker of physiologic age. One of
the manifestations of arterial stiffening is a widened pulse pressure. Once the difference between the systolic and the diastolic
pressure reaches 80 mm Hg or more, there is a clear association
with all-cause mortality, cardiovascular mortality, and a variety
of morbidities including stroke, coronary disease, and renal failure.34,39 Increased pulse pressure is also associated with increased
morbidity and mortality after coronary artery bypass grafting.34

Pulmonary Aging
The most prominent effects of aging on the pulmonary system
are increased stiffness of the chest wall and a decreased stiffness
of the lung parenchyma.40,41 Chest wall stiffening increases the
work of breathing and also produces a more barrel-shaped thorax that leads to lattening of the diaphragm. Less diaphragmatic
curvature provides a mechanical disadvantage for the generation
of negative pressure in the intrapleural space. The stiffened chest
wall, lattened diaphragm, and the loss of muscle mass from aging
all combine to make the older patient more prone to fatigue when
challenged by an increase in minute ventilation, and thus more
likely to experience respiratory failure.
The decrease in lung tissue stiffness is due to a loss of elastin
with age. Unlike elsewhere in the body, the elastin is not replaced
with collagen and so the lungs become easier to inlate. There are
several adverse effects of this increase in compliance. Small airways
do not have enough inherent stiffness and so depend on tethering
by the surrounding tissue to remain open. The degree of outward
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FIGURE 33-6. Effect of aging on lung volumes. With age, inspiratory
capacity (IC) is compromised because of the combined effect of modest
decreases in total lung capacity (TLC) and modest increase in functional
residual capacity (FRC). Vital capacity (VC) decreases because of the
decrease in IC and the increase in residual volume. However, the most
dramatic change with aging is the increase in closing volume (CV) and
closing capacity (CC) such that in very old persons, closing capacity
exceeds functional residual capacity. (Reprinted from: Smith TC. Respiratory system: Aging, adversity, and anesthesia. In: McLeskey CH, ed.
Geriatric Anesthesiology. 1st ed. Baltimore, MD: Williams & Wilkins;
1997:85, with permission.)

pull by the tissue depends on the stiffness of the tissue and the
degree of stretch of the tissue. As the tissue loses its springiness,
greater lung inlation is needed to produce the same amount of
outward pull on the airways. The need for greater lung inlation to
prevent small airway collapse is relected by the increase in closing
capacity with age (Fig. 33-6). Closing capacity typically exceeds
functional residual capacity in the mid-60s, and will eventually
exceed the tidal volume at some later age. Decreased lung tissue
stiffness also increases ventilation–perfusion mismatch as each
piece of lung tissue is less tethered to its neighbor, making ventilation less uniform. These changes, plus a modest reduction in
alveolar surface area with age, contribute to a modest decline in
resting Pao2 with age.42
Less-effective small airway tethering also leads to greater limitations during forced exhalation such as is present during exercise. At all ages, forced exhalation produces positive pressures
in the intrapleural space that tend to compress intrathoracic
airways. Only the airway connective tissue and lung tissue tethering oppose that compression. With less lung tissue tethering,
airways compress at a larger lung volume in older subjects and
produce a limitation in air low during exhalation over a much
larger percentage of the exhaled tidal volume (e.g., the last 45%
in a 70-year-old person) than in a younger subject (e.g., 20% in a
30-year-old person).43
Changes within the nervous system further inluence the respiratory system. Aging leads to an approximate 50% decrease in the
ventilatory response to hypercapnia, and an even greater decrease
in the response to hypoxia, especially at night.44 Generalized loss
of muscle tone with age applies to the hypopharyngeal and genioglossal muscles and predisposes elderly persons to upper airway
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vents the patient from performing. Furthermore, elderly patients
may require a long time to return to their preoperative level of
function, assuming full recovery is even possible. For example,
after major abdominal surgery, most older patients require at
least 3 months for activities of daily living (ADLs) and independent ADLs to return to baseline.50 Persistent disability at 6 months
varies with the task. Although there is only a 9% incidence of persistent ADL deicits, there is a 19% incidence of deicit in independent ADLs, and a 52% incidence of diminished grip strength.
Older patients often recognize that the end of their lives is no
Thermoregulation and Aging
5 longer the theoretical consideration of youth, so they are more
likely to have living wills, health care proxies, and health care
In the past decade or so, there has been heightened awareness of
directives in place at the time of surgery. The older patient’s expecthe adverse consequences of perioperative hypothermia as well
tations from surgery may be much different than that of their
as improved methods to prevent hypothermia. Even outside the
younger counterparts, and medical practitioners must be careful
operating room, elderly individuals are prone to hypothermia
not to judge a patient’s decision making based on the practitiowhen stressed by modestly cold environments that would not
ner’s values or expectations. This is particularly important when
affect younger individuals. The initial response to a cold environquestions of competence arise and the physician could be tempted
ment is vasoconstriction, and if that response is insuficient and
to question competence if the patient’s decision does not coincide
the subject becomes colder, then shivering is the second response.
with the opinion of the physician.51 A discussion of risks and benBoth mechanisms are triggered by decreases in core and/or skin
eits needs to include the probable degree of functional recovery
temperature. The two temperatures interact such that a decrease
and the speed with which that recovery is likely to occur. If health
in skin temperature of 1 degree will initiate vasoconstriction or
care directives prohibit various life-sustaining or resuscitative
shivering at a core temperature approximately 0.2 degrees higher
procedures, the patient/proxy and anesthesiologist must come to
than would have otherwise occurred.47 Although there is great
a mutual understanding of what will or will not be performed if an
variability among the elderly over the degree to which vasoconuntoward event occurs in the perioperative period.
striction and shivering are impaired, one should anticipate that
Polypharmacy and drug interactions are a huge problem
elderly patients will have impaired vasoconstriction and metafor the elderly. As much as 30% of ambulatory older adults
bolic heat production.48
require medical care for adverse drug events, and upward of 30%
At all ages, both inhalational and some intravenous agents (e.g.,
of hospitalizations in the elderly are related to drug effects.52 In
propofol and alfentanil but not midazolam) alter the regulatory
fact, one of the major goals of geriatric consult services to surthresholds such that body temperature must fall by as much as 4°C
gical patients is to pare down those medications whenever pos(7°F) before initiation of vasoconstriction or shivering. Aging fursible. The anesthesiologist can help by alerting the primary care
ther impairs the thresholds, by approximately 1°C (2°F), not only
team to this issue and suggest a geriatric consult. In the very old,
during general anesthesia but during spinal anesthesia as well.47
dehydration, elder abuse, and malnutrition are all more common
Given the impaired temperature regulation and decreased
than generally appreciated. In the case of malnutrition, the deicit
heat production of the elderly, it is not surprising that hypomay be limited to isolated deiciencies such as vitamin D or B12,
thermia occurs more frequently in older patients.49 The risks of
or it may be more global and include inadequate caloric intake
hypothermia include myocardial ischemia, surgical wound infecfrom poor oral hygiene or the “anorexia of aging,” in which neution, coagulopathy with increased blood loss, and impaired drug
roendocrine changes lead to early satiety and diminished sense of
metabolism.47 Shivering places a signiicant metabolic stress on a
taste.53 Nutritional status is an underappreciated risk factor for
patient and may not be well tolerated by a patient with borderline
surgery. In fact, the Veterans Affairs National Surgical Quality
cardiac or pulmonary reserve. The prevention and treatment of
Improvement Program found albumin to be as sensitive an index
hypothermia in an elderly patient does not appear to be any diffor mortality or morbidity as any other single indicator, including
ferent than for younger adults.
the American Society of Anesthesiologists status.54

CONDUCT OF ANESTHESIA
We’ve put more effort into helping folks reach old age than into helping them enjoy it.
—Frank A. Clark

The Preoperative visit
The preoperative visit can be extremely important in the care
of the elderly patient. Although the goals of the visit are no different than for any other patient, there are issues more common
among the elderly population that should be raised. For example,
will the patient’s living situation provide the support necessary
for a successful recovery? An aged spouse may not be physically
capable of helping the patient dress, bath or perform some other
activity of daily living (ADL) that the surgery temporarily pre-

Intraoperative Management
6 There is no simple cookbook on how to administer anesthesia to
an older patient. Drug effects on any given patient are highly variable, and leaves a certain amount of guesswork for at least what
the initial dose should be. Basic principles of drug use include
smaller doses than with young adults, and the eficacy of using
less drug becomes more apparent if the practitioner is patient
enough to allow more time for the drug to achieve its peak effect.
As with any tenuous patient, the art of anesthesia is an essential
component of good care.
For induction, a given blood level of propofol causes a greater
decrease in brain activity in an older patient, but the decrease
in blood pressure is even more dramatic in comparison to the
decrease observed in young adults.55 Many strategies can be used
to minimize the decrease in blood pressure, but most attempt to
reduce the amount of propofol with the use of adjuncts such as
opioids, or combining small doses of propofol with etomidate.

ANESTHETIC MANAGEMENT

obstruction. A high percentage, perhaps even 75%, of people
over age 65 have sleep-disordered breathing, a phenomenon that
may or may not be the same as sleep apnea, but certainly places
the elderly people at increased risk of hypoxia postoperatively.45
Aging also results in less-effective coughing and impaired swallowing. Aspiration is a signiicant cause of community-acquired
pneumonia and may well play a role in the development of postoperative pneumonia.46
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Some advocate induction with a propofol infusion of 400 mg/kg/
the central circulation. Excess peripheral volume now becomes
min to lessen the risk of overdose.28 Etomidate has been observed
excess central volume and could push an elderly heart into diastolic heart failure. In short, volume administration to an older
to produce less hypotension than propofol in older patients.56
patient may be problematic, with a very ine line between too
Nevertheless, almost any standard technique is safe if performed
much and too little, and what was “just right” at one point may
carefully. Hypo- or hypertension, or both, may occur durbecome “too much” later on.
ing induction, intubation, and the postintubation–preincision
period. Cycling the blood pressure cuff every minute should alert
the practitioner to these changes sooner than would less frequent
Postoperative Care
cycling. Although swings in blood pressure may not be desirable,
there is no evidence that even major, but brief, changes in blood
The goals of emergence and the immediate postoperative period
pressure lead to adverse outcomes.
are no different for an elderly than for a young patient, they are just
Whether general or neuraxial anesthesia is used, induction
more dificult to achieve. Analgesia is a major goal, and it should
and maintenance of anesthesia will commonly result in a signiibe stated up front that there is no evidence that pain is any less
cant decrease in systemic blood pressure, more so than typically
severe or any less detrimental in an older patient than in young
occurs in younger patients.57 Although decreases in both systemic
patients. Less drug may be required (or not), but given that the
vascular resistance and cardiac output likely occur, the decrease
standard approach to analgesia is to titrate to the desired effect, the
in vascular resistance is probably the largest contributor, although
outcome should be good pain relief for patients of any age. Howthis observation has really been conirmed only during spinal
ever, there are impediments to achieving adequate analgesia in an
anesthesia.31 Figure 33-7 demonstrates this dramatic decrease
older patient.58 Elderly patients sometimes underreport their pain
in vascular resistance and further shows that venous pooling is
level and may be more tolerant of their acute pain, perhaps partly
responsible for a decrease in preload that in turn decreases carbecause of the existence of chronic pain in their life. Older patients
diac output. Because vascular resistance contributes signiicantly
have more dificulty with visual analog scoring systems than verbal
to the decrease in blood pressure during anesthesia, it has been
or numeric systems. If the patient is cognitively impaired, comargued that the use of a-agonists is an appropriate therapy and
munication of pain is further impaired; indeed, demented patients
may be more effective than volume alone.31 a-agonists also tend
often experience severe pain after hip surgery, but even mild cognito promote venoconstriction, thereby shifting blood back to the
tive impairment can lead to problems with pain assessment or with
central circulation and presumably reducing the need for at least
use of a patient-controlled analgesia machine.
some volume administration. Although no one would advoFailure to achieve adequate levels of analgesia is associated
cate vasoconstriction as a treatment for hypovolemia (except as 7
with numerous adverse outcomes, including sleep deprivation,
a stopgap measure), the ventricle can only get so big; therefore,
respiratory impairment, ileus, suboptimal mobilization, insulin
it is impossible for volume administration alone to raise cardiac
resistance, tachycardia, and hypertension. The apparent paradox
output enough to compensate for a large decrease in vascular
of adequate analgesia is that opioids are the mainstay of postopresistance. Furthermore, when sympathetic nervous system activerative analgesia, and opioids are capable of producing many of
ity returns postoperatively, blood will shift from the periphery to
those same adverse outcomes. Therefore, as with all medical care
of elderly patients, good judgment, caution, and frequent moni30
toring of analgesia and adverse effects are essential. Adjunctive
medications such as nonsteroidal anti-inlammatory drugs have
20
**
been shown to reduce opioid requirements and some of the opioid
adverse effects, but often carry their own risks such as renal dam10
age or gastrointestinal toxicity.58 Epidural analgesia is well known
9
MAP
SVR
CO
HR
SV
EDV
to provide analgesia that is superior to intravenous therapy, a ind0
EF
ing that has been speciically replicated in the elderly.59,60 Although
10
0.4
10
19
10
improved cardiopulmonary outcomes were equivocal, more rapid
26
return of bowel function, earlier mobilization, and nutritional sta33
20
tus were better with epidural analgesia.
Although many aspects of postoperative care are more likely
30
to be the purview of the surgeon or the internist, there are some
things that the anesthesiologist could and probably should be
40
watchful for when performing a postoperative visit on an older
patient. If a patient had a surgery with major luid requirements,
*P  0.05 vs control
50
it is important to look for signs of luid overload, including rales,
**P  0.001 vs control
60
dyspnea, tachypnea, and orthopnea, particularly around postoperative day two when third space luid tends to mobilize. A timely
FIGURE 33-7. The response to total sympathectomy from spinal anadministration of a diuretic may prevent the patient from more
esthesia is illustrated in older men with cardiac disease. Over 70% of
lorid pulmonary edema and the accompanying escalation of therthe decrease in mean arterial blood pressure (MAP) was due to a deapy and risk. Feel the pulse: Atrial ibrillation is often intermittent
crease in systemic vascular resistance (SVR). Cardiac filling (EDV, endand the more often someone looks for it, the more likely it will be
diastolic volume) was markedly diminished, but its effect on stroke
detected. Delirium often goes undetected in older patients, in part
volume (SV) and cardiac output (CO) was ameliorated by an increase
in ejection fraction (EF). Although heart rate (HR) increased in some
because it may come and go. Take the time to chat with the patient
subjects and decreased in others, the overall effect was no change.
for a few minutes. It should not be dificult to become suspicious if
(Reprinted from: Rooke GA, Freund PR, Jacobson AF. Hemodynamic
the patient demonstrates waxing and waning alertness, is inattenresponse and change in organ blood volume during spinal anesthesia
tive or distractible, displays rambled or incoherent speech, is disin elderly men with cardiac disease. Anesth Analg. 1997;85:99, with
oriented, or has perceptual disturbances. It has been demonstrated
permission.)
that overall recovery and avoidance of complications, including
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delirium, pneumonia, uncontrolled pain, infection, and length of
stay, can be enhanced by comprehensive evaluation and management of each patient’s risk factors.61,62 Anesthesiologists should
be prepared to support such programs as much as possible.

TABLE 33-2. EFFECT OF AGE ON SELECTED
PERIOPERATIVE COMPLICATIONS
AND ASSOCIATED MORTALITYa

Complication
Rate

My diseases are an asthma and a dropsy and, what is less curable,
seventy-ive.
—Samuel Johnson
The older patient is at increased risk for complications in the perioperative period, in part from comorbid disease and in part from
the reduction in organ system reserve due to the aging process.
Whether the aging process can be thought of as mere decreased
reserve or subclinical disease is a matter of semantics. The result is
the same: The elderly are at increased risk for almost every possible
perioperative complication including cardiovascular, pulmonary,
renal, central nervous system, wound infection, and death.63,64
Because the mechanisms of aging contribute not only to normal
8
aging but to the development and severity of disease, one might
expect that age and disease would interact in their contribution to
perioperative risk. Conirmation of such a hypothesis is provided
by a prospective survey of nearly 200,000 anesthetics in France.65
Both age and the number of chronic diseases are associated with an
increased rate of complications, but what is particularly interesting
is an apparent interaction of these two factors. Figure 33-8 demonstrates that, for any given age group, the number of complications increases with the number of comorbid diseases. To be young
and sick likely represents a special case as suggested by the point
representing the ≤34-year-old group with three or more comorbid
diseases. Ignoring that outlier, connecting the dots of equal number of comorbid disease reveals a modest increase in risk with age
for patients with zero comorbid disease, but examination of points
for one, two, or three or more diseases reveals an effect of age that

Number of complications
per 1,000 surgeries

75 yrs
12
10 35 yrs
8

55–74 yrs

6
4

35–54 yrs

2
0 12  3 0 12  3 0 12  3 0 12  3
Number of concurrent diseases

FIGURE 33-8. Details the interaction between age and comorbid disease. For each age bracket, as comorbid disease increases, so does the
rate of complications. The effect of age on the complication rate is
best visualized by examining points of equal comorbid disease. At zero
disease, only a modest increase in complications is observed with increasing age. At ever-increasing degrees of comorbid disease, however,
the increase in complications with age becomes more and more pronounced. (Reprinted from: Tiret L, Desmonts JM, Hatton F, et al. Complications associated with anaesthesia: A prospective survey in France.
Can Anesth Soc J. 1986;33:336, with kind permission from Springer
Science and Business Media.)

Complication
Myocardial
infarction
Cardiac arrest
Pneumonia
>48 h on
ventilator
Required
reintubation
Cerebrovascular
accident
Coma >24 h
Prolonged ileus

Mortality
Rate from the
Complication

Age <80
0.4

Age ≥80
1

Age <80 Age ≥80
37.1
48

0.9
2.3
2.1

2.1
5.6
3.5

80
19.8
30.1

88.2
29.2
38.5

1.6

2.8

32.3

44

0.3

0.7

26.1

39.3

0.2
1.2

0.3
1.7

65.9
9.2

80.9
16

a

All differences between patients less than 80 vs. 80 and older are signiicant at p
< 0.001, except for coma mortality (p = 0.004).
Modiied from: Hamel MB, Henderson WG, Khuri SF, et al. Surgical outcomes
for patients aged 80 and older: Morbidity and mortality from major noncardiac
surgery. J Am Geriat Soc. 2005;53:424, with permission.

becomes increasingly larger. In other words, age appears to interact
with comorbid disease to increase risk.
Complications of the cardiovascular and pulmonary systems are
associated with the greatest perioperative mortality. The best database is provided by the Veterans Affairs National Surgical Quality
Improvement Project, and much of the database involves examination of patients older than 80 (Table 33-2).64 Although the perioperative complications of myocardial infarction or cardiac arrest
carry higher associated mortality rates than pneumonia, prolonged
intubation, or reintubation, the higher incidences of the pulmonary
complications suggest that greater mortality results from pulmonary
complications than from cardiac complications. That pulmonary
complications are so signiicant underscores the need for a better
understanding of the mechanism of postoperative pneumonia, particularly the likely contribution of silent aspiration.66
Central nervous system complications are also a major source
of morbidity and mortality. The most burdensome problems
appear to be stroke, postoperative delirium, and postoperative
cognitive decline. All have the potential to cause debilitating morbidity and an adverse impact on the patient’s quality of life, their
families and the cost of medical care. Postoperative cognitive dysfunction (POCD) is a highly controversial topic in geriatric anesthesia, primarily because of the concern that general anesthesia
may play an etiologic role.
In a nonsurgical elderly population, there is an annual stroke
incidence of approximately 1%. The incidence of stroke in
the older general surgical population is approximately 0.5%
(Table 33-2).64,67–69 Risk factors include age, atrial ibrillation
(odds ratio 2), history of a prior stroke or TIA (odds ratio at least
1.6), recent myocardial infarction, COPD or current smoking,
acute renal dysfunction or chronic dialysis, the type of surgery
and a variety of comorbid diseases including diabetes and renal or
cardiovascular disease.67–71 A particularly interesting risk factor,
at least for cardiac surgery patients, is an elevated arterial pulse
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pressure.72 This inding supports the concept that age-related
changes can inluence perioperative risk just as it appears to inluence morbidity in the general population. The POISE study raised
the issue of perioperative beta-blockade increasing the risk of
stroke, but when chronic, less intense beta-blockade is used such
that risk is not present.73,74 Strokes typically occur well after surgery, on average 7 days later, although upward of half occur within
24 hours.67,69 Most perioperative strokes are ischemic and presumably from thromboembolism originating in the heart or arteries.
The contribution of hypotension to focal stroke is questionable.69
Mortality after a perioperative stroke is approximately twice that
of a stroke in the general population, and overall mortality from
perioperative stroke is at least 20%.67,71 The continued use of aspirin throughout the perioperative period has been advocated.
Postoperative delirium is an acute confusional state manifested by an acute onset (hours to days) and vacillating levels
of attention and cognitive skill.75–77 Disorientation, perceptual
disturbances (from situational misinterpretation to overt hallucinations), disorganized thinking, and problems with memory
may be manifested. Emergence delirium alone does not qualify
as postoperative delirium, but may be a risk factor.78 Although
most often short-lived (24 hours), delirium can be persistent and
extend beyond hospital discharge.75
Delirium is most often diagnosed using Confusion Assessment Method, at least in research studies.75,79 The mini-mental
state examination can also be helpful, but its utility is higher for
the identiication of patients with pre-existing dementia. The risk
of postoperative delirium after major surgery in older patients is
approximately 10%; however, the risk varies with the surgical procedure.76 Highest risk is emergent hip surgery, with an incidence of
some 35%. The etiology of delirium is multifactorial. Risk factors
include age, baseline low cognitive function (including dementia),
depression, overall frailty, and general debility including dehydration or visual/auditory impairment.75,77,80,81 The more risk factors
present, the less perioperative stress seems to be required to push
the patient over the edge to delirium.76 That additional stress can
include virtually any drug with central nervous system effects may
contribute, including narcotics (especially meperidine), benzodiazepines (especially lorazepam), and drugs that possess anticholinergic properties (except perhaps glycopyrrolate). Other factors
that likely contribute to delirium include sleep deprivation, being
in an unfamiliar environment, and perioperative blood loss.
Narcotic administration represents a ine line between too
much and too little, as inadequate pain control is also associated
with delirium.82 Analgesia with meperidine should be avoided,
except perhaps in small doses for shivering, as it is clearly a risk
factor for delirium, but there appears to be no superior choice
among fentanyl, hydromorphone, and morphine.83 Nevertheless,
multimodal analgesia to reduce opiate use is considered a rational approach. Disappointingly, the selection of epidural analgesia
over IV opioid analgesia does not appear to reduce the incidence
of delirium.83 Similarly, the use of regional instead of general
anesthesia does not seem to reduce delirium, but this result may
be due to the use of inappropriate drugs and/or heavy sedation
in conjunction with the regional technique. Controlled sedation
along with regional anesthesia does appear to reduce the incidence of delirium.76,84 This is an important concept, as patients
with diminished cognitive function have lower drug requirements for the same level of sedation.85 Dexmedetomidine may be
a better choice than benzodiazepines for ICU sedation.75,86
Delirium often goes undiagnosed in the elderly patient as it is
typically hypoactive. The patient does not demonstrate behavior
that draws attention. This characteristic is unfortunate because
delirium is associated with an increased duration of hospitalization
and its attendant costs, poorer long-term functional recovery, and

increased mortality.75,76,87 Outcomes are worst when the delirium is
persistent. Once detected, management focuses on reversible risk
factors such as current medications, pain management, and a better sleep environment. Special care programs designed to limit the
reversible risk factors appear to reduce the incidence of delirium by
up to 50%.62,88 In the event the delirium is agitated, haloperidol in
doses no greater than 1.5 mg can be helpful.75 Haloperidol may be
useful prophylactically in high risk surgeries as it appears to reduce
the severity and duration of delirium but not its incidence.89
POCD is characterized by a long-term decrease in mental abilities after surgery. Other than the rare patient who suffers obvious
impairment, POCD is inherently more dificult to diagnose than
delirium because it usually requires sophisticated neuropsychological testing, including baseline tests prior to surgery. Selection
of tests, their timing, and what deicits are required to qualify as
cognitive decline have proven problematic in the literature.77
The seminal work not only examined surgical patients before
and after surgery, but included control subjects who were tested
over time as well. At 3 months after surgery, a 10% incidence of
POCD was observed, in comparison to a 3% incidence in the
nonsurgical control group.90 Risk factors for POCD at 3 months
after surgery include age, lower levels of education, prior history
of stroke even in the absence of residual deicit, and POCD at
hospital discharge.91 Increased mortality at 1 year is associated
with patients who demonstrate cognitive decline at both hospital
discharge and at 3 months postoperatively.91 Interestingly, postoperative delirium has not been found to be a risk factor for cognitive dysfunction at 3 months.80
Animal studies provide the most evidence for anesthetic CNS
toxicity. Many studies of animals (typically mice) exposed to volatile anesthesia demonstrate impaired memory and diminished
learning ability that persists for at least months after exposure.92
Volatile anesthesia increases brain production of b-amyloid and
abnormal tau protein (leads to neuroibrillatory tangles), both of
which are associated with Alzheimer’s disease, and also cell apoptosis.92,93 However, other studies found that memory impairment
and CNS chemical change only occurred in animals that had surgery plus anesthesia. Anesthesia without surgery was no different
than control animals.92 Curiously, the anesthetic in these latter
studies was fentanyl, droperidol, and chloral hydrate, thereby
raising the possibility that not all anesthesia agents yield similar
results. In addition to the potential neurodegenerative mechanism
described above, cognitive decline could also result from a neuroinlammatory stress response to surgery and/or anesthesia.94
In humans, the situation is anything but clear, especially
the longer the time after the anesthetic one looks for cognitive
decline. For up to the irst few days after surgery, a few observations have been made that are neither surprising nor particularly
worrisome. First of all, there is a similar degree of cognitive deicit
in all age groups, not just the elderly.95 Secondly, greater cognitive
impairment can be observed with general anesthesia than with
regional anesthesia.96 Lastly, for the irst few days the choice of
general anesthesia makes a difference with propofol < deslurane
< sevolurane in degree of cognitive decline.97,98
By 3 months, however, the presence of POCD is almost exclusively a problem in older patients.95 Furthermore, no differences
can be detected between general and regional, or among the general anesthetic options.96–98 By 1 year, even the best controlled
studies suggest little or no demonstrable cognitive decline.77,99
A longitudinal analysis of an Alzheimer’s disease database of
patients who started with none to mild dementia showed the
same overall rate of cognitive decline whether or not they had
surgery or suffered a major illness.100 Using before and after neuropsychological testing, the incidence of POCD was compared for
patients who underwent either coronary angiography, total hip
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THE FUTURE
I will never be an old man. To me, old age is always 15 years older
than I am.
—Francis Bacon
Improvements in surgical and anesthetic techniques that reduce
the overall stress to the patient are permitting more surgeries to be
performed on older and sicker patients than ever before. Nevertheless, the older patient will continue to experience the majority
of perioperative adverse outcomes. Much remains to be accomplished in the quest to ind ways to decrease the incidence and
severity of those adverse outcomes.66 The most pressing issues
are arguably the prevention of postoperative delirium, cognitive
decline, pneumonia, respiratory failure, and cardiovascular complications. Improved pain-control techniques that also diminish
side effects, especially to the brain and bowels, would be welcome.
However, other realms of care are just in their infancy, most notably whether the functional status of frail patients can be improved
prior to surgery. For example, can short courses of better nutrition, exercise regimens, or even medications reduce complications or speed recovery and improve functional recovery? When
caring for the elderly, especially the frail elderly, the overriding
goal should be to produce as little stress to the patient as possible during both surgery and the subsequent hospitalization and
recovery. Complete care will be multidisciplinary of necessity. No
single specialty possesses the total perspective, and the anesthesiologist’s expertise is an important component of that care.
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arthroplasty or coronary artery bypass grafting.101 At 1 week postoperatively, POCD was documented in 43% of the bypass graft
patients and 17% for the hip replacement patients (angiography
patients not tested at 1 week). At 3 months postprocedure, the
incidence of POCD was 16% for both surgical groups and 21%
for the angiography group (differences not signiicant). These
two studies suggest there is no overall long-term adverse cognitive impact on patients, and that it is not the anesthetic which is
to blame for whatever changes do occur.
So what do we tell our patients about stroke, delirium, and
POCD? This is not an easy question to answer, especially for cognitive decline, but my experience has been that patients are satisied to know the facts and are willing to accept the unknown,
including the fact that there does not seem to be any clear evidence that basic anesthetic techniques differ in their impact on
outcome.
Nevertheless, there are a few speciic points about the conduct
of anesthesia that can be made. Besides the obvious caveats (“avoid
hypotension and hypoxia”), the basic approach to an anesthetic
for an elderly patient can be described as cautious. Since stroke
is likely a thromboembolic phenomenon, there may be little that
can be done beyond standard, good anesthetic care. However, it
is not clear that antiplatelet therapy needs to be discontinued for
surgery as much as currently occurs. Perhaps it should be initiated in some patients if not already in use. The eficacy of statins
has also not been adequately assessed. As previously discussed,
drug choices and dose have a potentially major impact on delirium. Pain control with multimodal therapy to reduce opioid consumption is probably a good thing, but poor pain control may
be almost as bad as too much opioid. Finally, it is not clear what
the relationship is between anesthesia and cognitive decline, if
there is one at all. Given that unsatisfactory statement, it seems
reasonable to choose the anesthetic technique based on the other
factors germane to the patient and surgery.
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