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Geriatric Anesthesia
MILES BERGER, LEAH ACKER, and STACIE DEINER

KEY POINTS

!□! The

proportion of adults over age 70 has increased throughout the world with a corresponding
increase in older surgical patients.
!□! Normal aging is associated with changes in physiology and an increase in many pathologic
conditions.
!□! The number and impact of normal and pathologic conditions varies significantly across elderly
individuals.
!□! Preoperative screening recommendations and guidelines for older patients can provide a useful
starting point to evaluate and optimize care.
!□! Some important geriatric specific areas that are amenable to screening include: cognition,
frailty, depression, and polypharmacy.
!□! Best intraoperative practices follow from an understanding of geriatric physiology and awareness of medications which are contraindicated in the older population.
!□! Postoperative care tailored to the needs of high-risk adults may benefit the highest risk patients
such as palliative care consultation and delirium prevention units.

America is growing old. The number of Americans over age
70 has increased from approximately 15 million in 1975
to over 30 million in 2015, with a corresponding increase
in both the percentage of Americans over age 70 and the
median American population age (Fig. 65.1A-C). Similarly,
worldwide, the number of people over age 70 has increased
from approximately 130 million in 1975 to over 400 million in 2015, accompanied by similar increases in the percentage of people over age 70 and the median population
age (see Fig 65.1B,C).
The age-related population shifts have translated to
similar changes in the population of patients undergoing
anesthesia and surgery. In the United States alone, more
than 16 million patients over age 60 underwent surgery
in 2006. These profound shifts in the American population and the American surgical population have significant
implications for anesthesiologists. First, most (though not
all) diseases increase in frequency with age. Second, there
are age-dependent physiologic changes in virtually every
human organ system. These age-dependent physiologic
changes typically result in a decrease in the physiologic
and functional reserve capacity of each organ system.
However, there is considerable variability in the extent of
age-dependent changes across organ systems in individual
patients, and considerable variability across older patients
in the extent of these age-related changes. Indeed, a general principle of geriatric medicine is that as the population
ages, the variance of virtually every physiologic measurement increases. Thus while older patients as a whole present additional challenges for perioperative management as
a result of increases in comorbid disease and decreases in
physiologic reserve, it is important to avoid overapplying
these generalizations to individual older patients.
One potential reason that these generalizations apply
to varying degrees among older patients is that aging

itself involves a plethora of biological pathways (Fig.
65.2) which proceed at varying rates across patients. For
example, two 80-year-old patients may show very different telomere lengths, genetic mutation accumulation,
and cumulative oxidative stress. Differences in these types
of biologic pathways involved in aging have led many to
refer separately to chronological age (reflecting the number of years of life) versus biologic age (reflecting the actual
accumulation of changes in biologic processes involved in
aging).
In this chapter, we discuss common age-dependent
physiologic and pathophysiologic changes, and their implications for the preoperative assessment, intraoperative
management, and postoperative care of older adults. The
significant increases in the age of the American population suggest that the perioperative management of older
adults will likely become an increasingly large focus for
anesthesiologists. Further, the significant increases in biomedical research expenditures focused on aging and older
adults provide reason to hope that this research will lead
to improved postoperative outcomes for older adults in the
future.

Organ-Specific Age-Related
Physiologic and Pathologic
Changes
Except for those who exclusively treat pediatric or obstetric
patients, most anesthesiologists are geriatric anesthesiologists at least some of the time. Therefore understanding the
numerous physiologic changes of aging is critical for caring
for the elderly population. Here we discuss these changes by
organ system.
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CARDIOVASCULAR SYSTEM
In the cardiovascular system, normal aging manifests as
changes in vascular and sympathetic tone, the myocardium, the cardiac conduction system, the cardiac valves,
and the baroreceptor system.

Vascular Changes With Age
With age, arterial stiffening results in increased afterload,
which increases myocardial oxygen consumption and wall
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stress. Comorbid pathology such as atherosclerosis and
decreased β-2 adrenergic vasodilation may compound this
effect.
Partially because of age-related vascular changes, the
incidence of venous thromboembolism (VTE) increases
exponentially with age, affecting up to 600 people over the
age of 80 years per 100,000 annually.1 All three parts of
Virchow’s classic triad (venous stasis, hypercoagulability,
and aberrant blood flow) affect older populations and contribute to this increased risk of VTE. For example, venous
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Fig. 65.1 (A) Population age trends in the United States. (B) Worldwide trends in population age over time. (C) Population percentage age >70 by decade.
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Fig. 65.2 Molecular, cellular, and organ-level mechanisms of aging. (Redrawn from López-Otín C, Blasco MA, Partridge L, et al. The hallmarks of aging.
Cell. 2013;153[6]:1194–1217.)

stasis may result from decreased vascular compliance, a
low-flow state such as congestive heart failure, immobility, varicose veins, postmenopausal estrogen replacement
therapy, and smoking.2!

Myocardium
In the absence of pathology, systolic function typically
remains well preserved throughout life; however, diastolic
dysfunction becomes more common. Age-related myocyte death and reciprocal increases in myocyte size lead to
myocardial thickening and decreased elasticity.3 Chronic

hypertension can further exacerbate cardiac hypertrophy.
Ventricular thickening and stiffening, in turn, impair early
diastolic filling, which falls to 50% of its peak by the age of
80 years.4 In order to maintain cardiac output, geriatric
patients are increasingly dependent on preload and atrial
kick. Conversely, small decreases in circulating blood volume can lead to inadequate cardiac filling, which can significantly decrease cardiac output.
Cardiac output is also limited by a lower maximal heart
rate relative to younger adults3; maximal heart rate can be
estimated as: HR (bpm) = 220 − age (years). In the absence
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of arrhythmia, aging of the cardiac conduction system and
autonomic system leads to decreased heart rate variability
and an increased incidence of ectopic beats.4 Arrhythmia
can dramatically decrease cardiac output in older adults.
Atrial fibrillation is the most common arrhythmia, affecting
1 in 10 patients 80 years of age or older.5 Atrial fibrillation
eliminates the atrial kick that decreases left ventricular filling and results in decreased cardiac output.!

Cardiac Valves
Normal aging results in a thickened and calcified aortic
valve. In addition, the pathologic condition of aortic stenosis is more common with aging and is present in 12.4% of
those aged 75 years or older.5 Patients with aortic stenosis
depend on good diastolic volume and normal sinus rhythm
to maintain myocardial perfusion. Further, patients with
aortic stenosis have increased left ventricular diastolic pressure, which means that they are susceptible to decreased
coronary perfusion pressure. To avoid myocardial ischemia in patients with aortic stenosis, it is important to avoid
hypotension and tachycardia (which reduces the length
of diastole and further impairs coronary perfusion). Even
minor left ventricular dilation or a relatively small decrease
in left ventricular systolic function can increase the likelihood of intraoperative decompensation.6!
Sympathetic and Autonomic System
The ability of the sympathetic and autonomic systems to
respond to physiologic derangement decreases with age.
Decreased β-adrenergic sensitivity leads to a lower maximal
heart rate, decreased cardiac output, and limited responsiveness to beta agonists (e.g., dobutamine).4 Baroreceptor
impairment increases the incidence of orthostatic hypotension.2 For this reason, older patients may be more sensitive
to prolonged fasting times and may benefit from drinking
clear liquids up to 2 hours before surgery.!

RESPIRATORY SYSTEM
As the respiratory system ages, the lungs become less compliant and the muscles involved in respiration weaken.
Central responses to hypercapnia and hypoxia are blunted,
which puts patients at increased risk for pharmacologicinduced respiratory depression. The incidence of both
restrictive and obstructive lung disease and sleep apnea
increase with age.
With the aging process, the diaphragm weakens and
the chest wall stiffens because of calcification of intercostal cartilage. There are also arthritic changes in the costovertebral joints, weakening and atrophy of the intercostal
muscles, and height loss due to osteoporosis and/or kyphosis.3 Lung compliance increases as elastic recoil decreases
despite increased elastin production. Therefore while total
lung capacity remains unchanged, functional residual volume increases 5% to 10% per decade, leading to an overall
decrease in vital capacity.7 Aging is also associated with
alveolar airspace increases similar to those seen in emphysema, decreased gas exchange, and increased ventilationperfusion (V-Q) mismatch.3,7 Mechanical changes include
decreased vital capacity, decreased pulmonary reserve,
increased work of breathing, and increased residual volume, all of which predispose older adults to atelectasis.7
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Closing capacity, the point at which small airways close,
increases with age. Functional residual capacity (FRC) is
reduced relative to closing capacity, which may result in
atelectasis, pulmonary shunting, and hypoxemia. Certain common intraoperative conditions, such as increased
intraabdominal pressure due to carbon dioxide insufflation
or Trendelenburg positioning, reduce the FRC and lung
compliance. Strategies to minimize atelectasis in the postoperative period include early mobilization/ambulation after
surgery, chest physiotherapy, and incentive spirometry.2
Compared to younger patients, older patients also
have weaker pharyngeal muscles, decreased clearance of
secretions, decreased mucociliary transport, less efficient
coughing, decreased esophageal motility, and less effective
protective upper airway reflexes.7 Together, these factors
place the older population at increased risk for aspiration
and postoperative pneumonia. Anesthesiologists can implement four specific strategies to reduce the risk of aspiration
and other pulmonary complications. First, using neuraxial or regional anesthesia with minimal sedation in lieu
of general anesthesia (when possible) can reduce the risk
of aspiration by reducing anesthetic-induced interference
with the cough reflex. Second, avoiding intermediate and
long-acting neuromuscular blocking agents, and ensuring adequate reversal of neuromuscular blockade, can
also help reduce aspiration and postoperative pneumonia
risk.2 Residual neuromuscular blockade is a particular concern in older patients with reduced pulmonary function.7
Third, respiratory depressants such as opioids can lead to
hypoventilation and respiratory acidosis, which further
potentiates the effects of neuromuscular blocking agents.7
When appropriate, opioid-sparing analgesic strategies
can be helpful in older patients.8 Fourth, neutralization of
stomach acid with nonparticulate antacids (such as sodium
citrate) can be helpful in preventing chemical pneumonitis
and pulmonary injury in case aspiration does occur.
In addition to mechanical changes, older adults have
an approximate 50% decrease in the respiratory response
to hypoxia and hypercarbia, which is even more pronounced during sleep.9 Some geriatric patients may not
awaken from rapid eye movement sleep until oxygen saturation decreases significantly (e.g., to 70% or lower).7 The
most common sleep-related respiratory derangements in
older adults is sleep apnea, which may affect 50% to 75%
of patients over age 65.7,10 Older patients tend to have
decreased hypopharyngeal and genioglossal muscle tone,
which predisposes them to upper airway obstruction, particularly during sleep.7 Patients can be screened preoperatively for obstructive sleep apnea (OSA) using one of several
screening questionnaires such as the STOP-Bang, Berlin,
or American Society of Anesthesiologists (ASA) questionnaires.11 Patients with OSA should be recognized as having
a potentially difficult mask airway and postoperatively may
benefit from continuous positive airway pressure11 and opioid-sparing management.12!

RENAL SYSTEM
After 50 years of age, average kidney weight decreases from
approximately 250 g to 180 g, mostly as a result of cortical atrophy from glomerulosclerosis. Along with this loss of
renal cortex, the glomerular filtration rate (GFR) decreases
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by about 1 mL/min/m2 per year starting at 40 years of age.3
Chronic diseases frequently found in the older population
(e.g., hypertension, diabetes mellitus, and atherosclerosis)
can exacerbate this normal age-related decline in renal
function. Although elderly patients typically have normal
serum creatinine levels, they also tend to have decreased
lean muscle mass and lower creatinine overall. Therefore
a “normal” serum creatinine in an older patient may belie
a reduced glomerular filtration reserve and obscure the
resulting renal sensitivity to ischemic and nephrotoxic injuries. Specifically, in the setting of reduced GFR, medications
that are excreted through the kidney may accumulate if the
dose is not appropriately adjusted.
In addition to reduced GFR, blunted responses to aldosterone, vasopressin, and renin also reduce the older patient’s
ability to adjust volume status and may result in electrolyte
and acid-base derangements. In particular, older adults are
susceptible to dysnatremias; hyponatremia affects 11% of
the geriatric ambulatory community and 5.3% of hospitalized geriatric patients. Hypernatremia affects 1% of hospitalized patients age 60 and older.13 Further, because older
adults often have inappropriate sodium excretion, they are
particularly prone to hypotension and acute kidney injury
in the setting of hypovolemia.13
The incidence of urologic disease (i.e., bladder and
prostate) also increases with age. The incidence of postoperative urinary retention increases in older men and
women.14 This is an important point to recognize because
discomfort due to urinary retention can be a common
cause of postoperative agitation. Urinary tract infections
(UTI) also increase in incidence in older men and women.2
Elderly women may have skin breakdown in the genital
area because of vaginal atrophy from decreased estrogen,15
which increases the risk of UTI.16 In addition, the incidence
of pelvic prolapse in women increases with age and also
increases the risk of UTI.!

GASTROINTESTINAL AND HEPATIC SYSTEMS
The size and function of the liver decrease with age, which
affects hepatic drug metabolism. After age 50, the liver
decreases from 2.5% of total body mass to 1.5% in part due
to fewer hepatocytes and decreased blood flow.3 Despite
having fewer hepatocytes, healthy older adults typically
have normal liver synthetic function, though they have
reduced reserve under stress.3 Similarly, hepatic blood flow
decreases with age such that the average 65 year old has
40% less hepatic blood flow than the average 25 year old.17
Older populations may more slowly metabolize drugs that
are cleared by phase-1 pathways (e.g., oxidation, reduction, and hydrolysis through the cytochrome P450 system) because of decreased hepatic blood flow,18 but phase
II metabolism (e.g., acetylation and conjugation) does not
seem to be affected by age.17 Anesthesiologists should be
aware that older adults are slower at clearing high extraction drugs whose clearance depends directly on hepatic
blood flow (e.g., ketamine, flumazenil, morphine, fentanyl,
sufentanil, and lidocaine).17
The incidence of postoperative nausea and vomiting
decreases with age, which is fortunate because many antiemetics act through anticholinergic and/or antihistaminergic mechanisms, which can cause altered mental status

and delirium. The Beers criteria recommend against most of
these medications as they increase the risk of delirium.2 Specifically, the Beers criteria recommend avoiding prochlorperazine, promethazine, metoclopramide (except in the
setting of gastroparesis), and corticosteroid prophylaxis.2,19
The 5-HT3 receptor antagonists (e.g., ondansetron), are a
better choice for older adults, although the 5-HT3 antagonists contribute to QTc interval prolongation.2
The incidence of some hepatic and gastrointestinal pathologies increases with age. For example, the incidence of
nonalcoholic fatty liver disease (NAFLD) increases with age,
affecting nearly half of geriatric patients; however, in contrast to younger populations, it is unclear whether NAFLD is
associated with metabolic syndrome, cardiovascular disease,
or cirrhosis when it is first diagnosed at an advanced age.20
That said, as the obese diabetic patients with NAFLD age
and become geriatric patients, they have an increased risk
of complications, such as severe hepatic fibrosis, hepatocellular carcinoma, and cryptogenic cirrhosis.20 Whereas hepatic
pathology certainly impacts anesthetic management, other
common gastrointestinal disorders of older adults, such as
diverticulosis and cholelithiasis, typically do not.!

MUSCULOSKELETAL SYSTEM
As with other organ systems, the aging musculoskeletal system undergoes changes relevant to anesthesiologists. Among
the well-functioning older adult, lean muscle mass declines
by roughly 1% annually while muscle strength declines by
roughly 3% annually, meaning muscle function and quality decreases faster with age than muscle quantity does.21
Maintaining strength in the perioperative period is critical
in older people. Declining muscle strength is associated with
increased mortality risk,22 and older adults lose muscle mass
much faster than their younger counterparts. For example,
healthy older adults who were placed on bedrest for 10
days experienced greater loss of muscle mass than healthy
younger adults who were placed on bed rest for 28 days.23
Decreased lean muscle mass can prove misleading among
older patients, whose weight may remain stable, while their
total body fat increases and their subcutaneous (insulating)
fat reserves decrease. A 10-year longitudinal study of older
adults showed a 23% per decade decline in subcutaneous
fat with a concurrent average 11% per decade increase in
total body fat.24 Diminished subcutaneous fat thickness and
age-related dysregulation of cutaneous circulation help to
explain why older patients are much more prone to temperature dysregulation intraoperatively even though the
basal core temperature of the elderly (aged 65-95) is only
about 0.4°C (0.7°F) lower than that of other adults (aged
25-64).25 Age-related dysregulation of the cutaneous
microcirculation also contributes to impaired wound healing. Anesthesiologists can optimize surgical healing in this
population by maintaining adequate hydration, normothermia, and good tissue oxygenation.26
Along with age-related changes in the muscles and skin,
aging affects the skeletal system as well. Osteoarthritis
affects about half of those aged 75 and older and can lead
to limited joint mobility in older patients. Anesthesiologists
should be aware of this and inquire about this with older
patients to avoid exacerbating preexisting joint issues while
positioning the patient in the operating room.27!
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CENTRAL NERVOUS SYSTEM
Changes in the aging central nervous system can give rise
to a host of age-related concerns, such as cognitive decline,
memory loss, sleep derangements, dementia, movement
disorders, depression, and an increased risk of delirium.
Although the number of neurons in the brain does not
decrease in normal aging, older brains have fewer dendrites
and synapses, which contributes to decreased brain volume
and to decreased neuronal connectivity, particularly in the
hippocampus, frontal/prefrontal cortex, and the temporal
lobe.28 Specifically, magnetic resonance imaging studies
have shown that cortical gray matter thins at a rate of 0.5%
to 1% per year in the geriatric brain.29 Further, age-related
dysregulation of neuronal transmission, baseline neuronal
firing, calcium metabolism, and gene expression diminishes both connectivity and plasticity.30 Functionally, these
physiologic changes contribute to normal, age-related cognitive decline in many domains such as executive function,
cognitive processing speed, working and spatial memory,
and maintenance of circadian rhythm. Of particular relevance to anesthesiologists, these age-dependent decreases
in cognitive reserve may manifest as increased sensitivity
to anesthetic medications, an increased risk of postoperative cognitive dysfunction and delirium, and a decrease in
function.
Specifically, in dementia, the decline in memory and
cognition becomes severe enough to interfere with daily
activities whereas in mild cognitive impairment, cognitive
decline is measurable and noticeable, but does not interfere
with one’s ability to perform daily activities. Frank neuron
loss typically occurs in dementia, regardless of the dementia
subtype. In Alzheimer disease, a complex interplay between
abnormal tau and beta-amyloid proteins seems to precipitate global neuronal cell death while in vascular dementia,
neuronal cells die because of hemodynamic compromise,
leading to a step-wise decline in cognitive function. Finally,
in Lewy body dementia abnormal α-synuclein deposits give
rise to neuronal death. Overall, dementia increases dramatically in prevalence with advancing age in a step-wise manner (Fig. 65.3), affecting nearly two-thirds of patients over
the age of 90 years.31
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Dementia presents challenges for anesthesiologists,
particularly regarding pain management. For example,
patient-controlled analgesia may not be an option. Opioid
administration is often difficult to titrate in these patients,
and patients may not be able to cooperate with regional
anesthesia. Further, patients with dementia may also
develop concurrent delirium, which can be difficult to disambiguate from underlying dementia. Similarly, Parkinson
disease presents a particular challenge for the anesthesiologist. Patients with Parkinson disease are more prone to
developing immobility and thus deep venous thrombosis;
dysphagia and respiratory dysfunction and thus aspiration and pneumonia; urinary retention and thus UTI; and
psychiatric complications and thus delirium.32 Drug interactions can be a particular concern in patients with Parkinson disease. For example, many antiemetic drugs such as
metoclopramide and promethazine antagonize dopamine
and may worsen extrapyramidal symptoms. Inhibitors of
the enzyme monoamine oxidase (MAO)-B, which are frequently used in Parkinson disease, can predispose patients
to serotonin syndrome, particularly if used in conjunction with certain opiates such as tramadol.33 Propofol can
induce dyskinesia in this population,34 which can be managed with dexmedetomidine.33
Mood disorders, particularly depression, are often
underrecognized in older adults. Minor depression affects
approximately 7.7% of geriatric primary care patients,
approximately 14.4% of geriatric patients in hospital settings, and nearly 20% of those with minor cognitive impairment.35 Depression predisposes patients to postoperative
cognitive dysfunction (POCD), in-hospital delirium, major
adverse cardiac events, increased postoperative analgesic
use, and suboptimal postoperative outcomes.36-38 Discussion of mood symptoms prior to anesthesia can help to
inform perioperative management and the use of antidepressant medications. Typically, antidepressants are continued during the perioperative period because of the risks
of “discontinuation syndrome” and because of their benefits
for pain management39; however, MAO inhibitors can lead
to severe hypotension in the setting of sympathetic stimulation or in conjunction with sympathomimetic drugs. Even
selective serotonin reuptake inhibitors, the most commonly
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Fig. 65.3 Global prevalence of dementia by age. (Redrawn from Prince M, Bryce R, Albanese E, et al. The global prevalence of dementia: a systematic
review and metaanalysis. Alzheimers Dement. 2013;9:63–75.)

Downloaded for alex arman davidson (arman@amazingstudy.tk) at Florida International University from ClinicalKey.com by Elsevier on October 21, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.

2108

SECTION IV

Adult Subspecialty Management

used and “safest” antidepressants, have been associated
with a higher risk of in-hospital mortality, bleeding, and
readmission.40
Finally, delirium and POCD are two common postoperative complications in older patients. Each of these topics
have dedicated chapters in this text, so they are only briefly
reviewed here. Delirium, which affects about 10% of older
postoperative patients overall and 60% to 80% of intensive
care unit (ICU) patients, manifests as acute, fluctuating confusion with altered attention and awareness that cannot
be better explained by preexisting or developing dementia.
Common delirium screening tools include the Confusion
Assessment Method (CAM) and the CAM-ICU for ventilated
ICU patients. Few treatments for delirium have proven
efficacious; however, management of underlying medical
conditions (e.g., electrolyte imbalances, infections), modifying risk factors (e.g., reducing sleep deprivation, increasing mobility, giving patients their glasses and hearing aids,
ensuring good hydration), and avoiding or limiting medications known to trigger delirium (e.g., benzodiazepines,
dihydropyridines, antihistamines, opioids) may prove beneficial. In contrast to delirium, POCD is a syndrome defined
by worsening performance on neuropsychologic tests postoperatively compared to a perioperative baseline.41 Overall, this decline in cognitive performance across multiple
domains presents days to weeks after surgery and is associated more strongly with age than any other risk factor.42
By and large, POCD resolves within months of both cardiac
and noncardiac surgery; however, individual patients may
follow different trajectories with declines remaining up to 5
years or longer.41!

Preoperative Assessment
Preoperative assessment of the geriatric surgical patient follows the general principles of good medical care while adding
special attention to issues that may have greater incidence
or impact in older adults. In 2014, the American College
of Surgeons (ACS) convened an expert panel and published
a consensus statement with evidence-based recommendations.43 Good medical care–type recommendations include

the use of the American College of Cardiology and American Heart Association algorithm for patients undergoing
noncardiac surgery,44 ordering appropriate laboratory
tests based on comorbidity, and determination of the risk
for postoperative pulmonary complications. Geriatric-specific evaluation includes assessment of the patient’s cognitive ability, identifying the risk for postoperative delirium
(covered in detail in Chapter 82), documentation of functional/frailty/fall-risk status, monitoring for polypharmacy,
screening for depression and alcohol use, understanding
patient’s expectations, and advanced directives.

COGNITIVE ASSESSMENT AND DELIRIUM RISK
In the immediate perioperative period, occult preoperative
cognitive impairment in older adults is common; the incidence is more than 20% of patients over 65 years of age presenting for presurgical testing with the highest prevalence
in the oldest patients.45 However, talking with patients and
families about cognitive health before and after surgery is
a new challenge for anesthesiologists. In 2016, the ASA
launched the Brain Health Initiative, which is a “low barrier access program to minimize the impact of preexisting
cognitive deficits, and optimize the cognitive recovery and
perioperative experience for adults 65 and over….” The
basic principles of the program include screening for preoperative cognitive impairment and that anesthesiologists
lead discussions regarding the potential for postoperative
delirium and cognitive dysfunction.
The cognitive assessment of patients prior to surgery
can be challenging. In-depth neuropsychiatric testing is not practical for most pretesting centers since it
often involves an hour or more of tests administered by
a trained individual. More practical for the presurgical
arena is the use of brief screening tools that are meant to
identify patients who are likely to have cognitive impairment (Table 65.1). A recent large study suggests that
cognitive screening in a pretesting clinic is practical and
well accepted by patients and staff members.45 An obvious but difficult question for anesthesiologists is how
to proceed when a patient is identified as likely to have
cognitive impairment. Informing patients and offering

TABLE 65.1 Brief Cognitive Screening Tools
Tool/Test

Advantage

Disadvantage

Sensitivity (%)*

Specificity (%)*

Time to
Administer

Minicog45,49,75-77

Brief, minimal language,
education, race bias

Use of different word lists
may affect scoring

76-100 (54-100)

54-85.2 (43-88.4)

2-4 min

Montreal Cognitive Assessment (MoCA)78-81

Can identify mild cognitive
impairment, available in
multiple languages

Education bias, limited
published data

n/a

n/a

10-15 min

Mini-Mental State Examination (MMSE)77,82,83

Widely used and
studied

Subject to age and cultural
bias, ceiling effects

88.3 (81.3-92.9)

86.2 (81.8-89.7)

7-10 min

Clock-drawing Test77,84

Very brief

No standards for administration and scoring

67-97.9 (39-100)

69-94.2(54-97.1)

<2 min

Verbal Fluency Test77,85

Brief

Cut point not obvious

37-89.5 (19-100)

62-97 (48-99)

2-4 min

Cognitive Disorder
Examination (CODEX)86-88

Brief

Less well-studied

81-93

81-85

≤3 min

*Sensitivity and specificity values are for the detection of cognitive impairment or dementia—see references for more detail.
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them postsurgical follow-up with an expert in cognition is important. The same study showed that patients
believe that screening before surgery is important and
that they want to know their results. Baseline cognition
is also important for delirium-risk stratification; patients
with cognitive impairment are at higher risk and therefore may benefit the most from delirium prevention
programs. Additionally patients, caregivers, and the
perioperative team should have this information since
these patients are more likely to require a higher level of
care after surgery such as a skilled nursing facility.46 The
ACS guidelines strongly recommend performing cognitive assessment early in the patient evaluation because
impairment suggests that medication information and
functional status reporting may be unreliable, although
in the latter there is some evidence to the contrary.47
Although preoperative cognitive impairment is a risk
factor for the occurrence and severity of postoperative
delirium, it is not the only risk factor.48 There are several
delirium-risk prediction indices and examples of two delirium prediction tools are listed in Table 65.2. Whereas each
index is a bit different, most include age, cognitive status
before surgery, then some index of medical illness, and the
invasive nature of the surgery.49-51!

FUNCTIONAL/FRAILTY SCREENING
Frailty is a common and morbid condition found with a
higher prevalence in older adults before surgery (25%56%)52,53 than in community-dwelling elders (10%).54
Frailty has been conceptualized in two major ways: one
includes decreased reserve to physiologic stress and is characterized by decline across organ systems; and the other is
an accumulation of deficits, that is, the accumulation of
comorbid states that can result in overall physiologic vulnerability. Frailty has been shown to correlate with poor
postoperative outcomes (death, complications) in a wide
range of major surgeries.
Although frailty is a geriatric syndrome it does not need
to be measured by a geriatrician. The classic frailty phenotype measured by Linda Fried55 did require expertise;
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however, there are now several validated frailty screening
tools.56 It is not clear which of the screening tools best measures frailty and the answer may vary for different populations and settings.53,57 For instance, a frailty screen that
includes grip strength may not be best suited for a cervical
spine population that often has cervical myelopathy. The
preoperative testing facility may dictate the type of assessment possible; some preoperative clinic areas are not suitable for a 5-meter gait speed test. Table 65.3 has examples
of frailty assessment tools.58
Frail and/or prefrailty has been shown to correlate
strongly with complications and mortality in a wide range
of surgeries. Ideally frailty can inform procedure selection,
patient-doctor conversations, and discharge planning.
Prehabilitation including nutritional support and exercise may be considered, although exact protocols have not
been well vetted. Certainly, malnutrition is more common
in preoperative older surgical patients and is associated
with postoperative complications and increased length
of stay.59 Frailty is also a risk factor for delirium and frail
patients may benefit from multidisciplinary interventions
to support orientation, early mobilization, and maintenance of sleep-wake cycles. Preoperative identification of
frailty for the surgical team has been shown to increase
utilization of palliative care consults and improve patient
outcomes.60,61!

PALLIATIVE CARE
Palliative care focuses on relief of suffering and improvement of quality of life in patients with serious but not necessarily terminal illness. The use of palliative care expert
consultants to support patients undergoing surgical intervention is relatively new.62 Palliative care was recognized
as a medical specialty in 2006 and certified its first physicians in 2008. In 2012 there were fewer than 100 surgeons and anesthesiologists certified in palliative care,
and although the fellowship spots are increasing, there
is a relative shortage.62 This implies that most palliative
care for surgical patients is provided by nonsurgical subspecialty providers. Research regarding the use of surgery

TABLE 65.2 Validated Risk Models for Prediction of Postoperative Delirium in Cardiac and Noncardiac Surgery Patients
Authors

Patients and Surgery

Risk Factors

Rudolph and
colleagues96

Cardiac surgery (n = 122 for
derivation cohort, n = 109
for validation cohort)

!□! !

!□!

Marcantonio and
colleagues50

General, orthopedic, and
gynecologic surgery
(n = 876 for derivation
cohort, n = 465 for
validation cohort)

Previous stroke (1 point)
Geriatric Depression Scale >4 (1 point)
!Abnormal albumin (1 point)
!MMSE 24-27 (1 point) or MMSE <24
(2 points)

In the validation cohort, the cumulative incidence
of delirium for each point level was as follows:
0 points, 18%;
1 point, 43%;
2 points, 60%; and ≥3 points, 87%

Age >70 years
Alcohol abuse
!Poor cognitive status*
†
!Poor functional status
!Markedly abnormal sodium, potassium,
or glucose‡
!Noncardiac thoracic surgery
!Aortic aneurysm surgery

In the validation cohort, the cumulative incidence
of delirium for each point level was as follows:
0 points, <1%;
1 point, 8%;
2 points, 19%; and ≥3 points, 45%

!□! !
!□!

!□! !
!□! !
!□!
!□!
!□!

!□!
!□!

Results

*Defined as telephone interview for cognitive status <30.
†Specific Activity Scale = IV.
‡Defined as sodium <130 or >150 mmol/L, potassium <3.0 or >6.0 mmol/L, and glucose <60 or >300 mg/dL.
MMSE, Mini-Mental State Examination.
(From Brown C IV, Deiner S. Perioperative cognitive protection. Br J Anaesth. 2016;117(S3):iii52–iii63.)
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TABLE 65.3 Frailty Assessment Tools and Scoring Systems in Current Literature
Frailty Measure

Description

Clinical Outcome

Source

Frailty phenotype

Weight loss, grip strength, exhaustion, low physical
activity, and 15 feet walking speed

30 days postoperative complications,
institutionalization, and length of stay

Makary et al.52
Revenig et al.97

Frailty index/deficit
accumulation

30-70 measures of comorbidity, ADL, physical and
neurological exam

Mortality and institutionalization

Mitnitski et al.98
Rockwood et al.99

Modified frailty
index

History of diabetes, COPD or pneumonia; congestive
heart failure; myocardial infarction; angina/PCI;
hypertension requiring medication; peripheral
vascular disease; dementia; TIA or CVA; CVA with
neurological deficit; ADL

30-day, 1-year, and 2-year mortality, 30-day
major postoperative
complications

Adams et al.100
Farhat et al.101
Karam et al.102
Obeid et al.103
Patel et al.104
Tsiouris et al.105
Velanovich et al.106

Gait speed

5-m gait ≥6 s

Mortality, major postoperative complications,
institutionalization, and length of stay

Afilalo et al.107

Timed up and go

TUG ≤10 s; 11-14 s; ≥15 s

1-year mortality

Robinson et al.108

Falls

6-month hx of falls

30-day major postoperative complications,
institutionalization, and 30-day readmission

Jones et al.109

Robinson

Katz Score, Mini cognition, Charlson Index,
anemia <35%, albumin <3.4, hx of falls

30-day major postoperative complications,
length of stay, 30-day readmission,
6-month postoperative mortality

Robinson et al.110,111

ADL, Activities of daily living; Cog, cognition; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; PCI, percutaneous coronary intervention; TIA, transient ischemic attack; TUG, Timed Up and Go.
(From Amrock LG, Deiner S. The implication of frailty on preoperative risk assessment. Curr Opin Anaesthesiol. 2014;27[3]:330–335.)

and palliative care is relatively new; however one study
found that frailty screening in an elderly veterans’ hospital surgical cohort increased preoperative palliative care
consultation and was associated with a 33% reduction in
180-day mortality.61!

POLYPHARMACY
Preoperative assessment of medications is very important;
studies suggest that the incidence of discrepancies between
surgical and anesthesiology assessments are greater than
70%.63 The advent of computerized medical records can
be helpful or harmful as medications which are not deleted
from the record may continue to appear as current. Therefore medical reconciliation at admission and discharge is
required to assure up-to-date information. Best practice
may include working with pharmacists to review patient
medications for polypharmacy and potential drug interactions and contraindicated medications for older adults.
These include the American Geriatric Society’s Beers Criteria for Potentially Inappropriate Medication Use in Older
Adults.64 The list includes several medications commonly
seen in anesthesia order sets: meperidine, scopolamine,
benzodiazepines (Table 65.4).!

DEPRESSION AND ALCOHOL SCREENING
Depression and alcohol abuse each have approximately a
10% incidence in older adults, and each are associated with
a more difficult postoperative course. The former is associated with greater pain perception and increased need for
postoperative analgesics, and the latter postoperative complications such as pneumonia and sepsis.65 Depression can
be assessed using tools such as the Patient Health Questionnaire -266 which asks:

“In the past 12 months have you ever had a time when
you felt sad, blue, depressed or down for most of the time for
at least 2 weeks?”
“In the past 12 months have you ever had a time lasting
at least 2 weeks when you didn’t care about the things you
usually cared about or when you didn’t enjoy the things
that you usually enjoyed?”
“Yes” to either constitutes a positive screen which needs
further evaluation.
The classic screening tool for alcohol use is the modified CAGE questionnaire which has been validated for
use in older adults.67,68 The questionnaire consists of four
questions:
□
□
□
□

Have you ever felt you needed to cut down on your
drinking?
Have people annoyed you by criticizing your drinking?
Have you ever felt guilty about drinking?
Have you ever felt you needed a drink first thing in the
morning (Eye Opener) to steady your nerves or get rid of
a hangover?

“Yes” to any question triggers consideration for perioperative prophylaxis for withdrawal syndromes, supplementation of folic acid and thiamine, and consideration of the
need for a detoxification protocol supervised by an addiction specialist.43!

CAPACITY/ADVANCED DIRECTIVES/
EXPECTATIONS/SUPPORT
Capacity
In working with older adults, it is important to understand whether they retain the capacity for medical decision making. Cognition may overlap with capacity but
is not the same thing. Many patients with mild cognitive
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TABLE 65.4 Common Medications in the Perioperative
Period With Potential Neurological Side Effects That
Are Also on the 2012 Beers Criteria List for Potentially
Inappropriate Medication Use in Older Adults
Drug

Rationale

Diphenhydramine

Highly anticholinergic; may increase
confusion

Hydroxyzine

Highly anticholinergic; may increase
confusion

Scopolamine

Highly anticholinergic

Amitriptyline

Highly anticholinergic; sedating

Antipsychotics

Increased risk of stroke and mortality in
persons with dementia

Benzodiazepines

Older adults have increased sensitivity and
decreased metabolism; risk of cognitive
impairment, delirium, and falls

Metoclopramide

Extrapyramidal side-effects; risk may be
increased in older adults

Pethidine

Not effective analgesic; may cause
neurotoxicity

Pentazocine

May cause central nervous system adverse
events, including confusion and
hallucinations

Neuromuscular
blocking drugs

Poorly tolerated by older adults, with
anticholinergic adverse effects

From Brown C IV, Deiner S. Perioperative cognitive protection. Br J Anaesth.
2016;117(S3):iii52–iii-63.

impairment may retain capacity. The legal definition of
capacity includes69:
□
□
□
□

Ability to communicate treatment choice.
Comprehension of the information given by the physicians.
Able to voice understanding of their medical condition,
options for therapy, and outcomes.
The ability to conduct a rational discussion regarding
their treatment options.

Patients may retain capacity for some decisions and
not others, or not have capacity for medical decision making entirely. In the case where an older patient does not
have capacity for medical decision making it is important
to understand whether there is someone who has power
of attorney. Working with the power of attorney and
with respect to the patient’s wishes, the older adult can be
included in the discussion as appropriate.!

Shared Decision Making/Expectations
Advanced directives are documents that provide information on patient wishes for healthcare decisions in the
event that they cannot participate in decision making (Fig.
65.4). Discussion of advanced directives is an important
part of understanding and respecting patient’s goals of
care. The ASA guidelines state that Do-Not-Resuscitate
orders should not be automatically suspended in the perioperative period. According to the patient’s wishes they
may choose to accept limited attempts at resuscitation in
the case of certain procedures or in certain contexts (e.g.,
quickly and easily reversible adverse events such as a drop

2111

in blood pressure or need for transfusion). As administration of anesthesia may involve procedures that overlap with resuscitation, the nuances of which procedures
are acceptable to the patient and/or surrogate should
be reviewed before the procedure. The anesthesiologist
should discuss and document any modification of the
directive, such as the patient’s wishes in the event of complications and plans for postoperative care. These should
be communicated to the surgeon before the procedure;
the case of conflict between providers may require institutional clarification.!

Intraoperative Management
Considerations for Older Adults
Once preoperative assessment and preprocedure consent have been completed, the anesthesiologist’s task is
to design an intraoperative anesthetic plan for each individual older patient that provides adequate intraoperative
and postoperative analgesia, effective sedation or amnesia,
hemodynamic stability, and optimal operating conditions
(i.e., surgical site immobility) for the surgical team. It is difficult to make general intraoperative recommendations for
older adults, partly because of the wide heterogeneity in
organ system reserve and overall functional status across
older patients. The anesthetic plan for each individual
older patient should be based on each patient’s comorbid
illnesses, organ system reserve, and overall functional
status.
Nonetheless, a large body of research has examined specific anesthetic techniques in older adults, and several general recommendations can be made (Box 65.1). Likely due
to decreased physiologic reserve, many older adults require
more careful intraoperative management than younger,
healthier patients with greater physiologic reserve. Thus
drug administration, “anesthetic depth,” and hemodynamic status should be titrated even more carefully in older
adults than in other patient groups. Increased monitoring,
such as electroencephalogram-based anesthetic titration,
may be helpful in this regard. Overall, no specific anesthetic
drug or technique (e.g., regional versus general anesthesia) has been consistently associated with an increased (or
decreased) incidence of postoperative neurocognitive disorders, such as delirium or postoperative cognitive dysfunction in older patients.!

Postoperative Concerns
Best practice guidelines from the ACS for the postoperative
period include adequate pain control and a geriatric-focused
prevention checklist that includes: delirium, pulmonary
complications, falls, postoperative UTIs or urinary retention, pressure ulcer prevention, and care transitions. There
are no specific recommendations for care of the older adult
in the recovery room. However, the physiology of aging and
common diseases suggests that these patients are at higher
risk for desaturation (because of decreased closing capacity and a tendency toward atelectasis) and aspiration (for
example, due to a less vigorous ability to cough). Maximizing the patient’s ability to take deep breaths by elevating the
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NOTICE OF
ADVANCE DIRECTIVE ACTIVATION
(a licensed physician or mental health professional must complete this form)
Patient Name: ____________________________________ Medical Record #:_______________
Date: ___________________________________________
Following appropriate evaluation and/or discussion with the above-named patient, the following has
been determined:
(initial only one)
________ This patient is now unable to adequately comprehend his/her medical condition
and/or is unable to provide informed consent for necessary treatment(s).
________ This patient is intermittently unable to comprehend his/her medical condition
and/or to provide informed consent for necessary treatment(s). An advance
directive agent/proxy is needed on an emergent/stand-by basis.
This patient has decisional capacity, but due to the burdens of illness and/or
________ informed consent criteria, he/she elects to defer decision-making to his/her
agent/proxy as named in a valid advance directive document on file at this
medical facility.

Reliance on an advance directive agent is expected to be:
(initial only one)
________ Temporary. The patient will be continuously reevaluated, and the agent/proxy will be
notified if the patient regains decision-making capacity and/or desires to resume a
decision-making role.
Permanent. The patient’s loss of decision-making capacity is expected to be
________
enduring. Reevaluation of decision-making capacity will take place only if the
patient’s cognitive condition substantially and unexpectedly changes.

An agent/proxy named in this patient’s advance directive has been notified of the above on this
date at the following time: _________. He/she has been advised of the patient’s overall medical
condition, and agrees to remain reasonably available for ongoing consultation and decision-making
participation. In the event he/she will not be available, he/she agrees to notify the facility staff and
any alternate agent/proxy in advance.

Signed: _____________________________________________________________________
(Attending physician or other health care provider)
Printed Name: ______________________________________ Date: ____________________
Address ___________________________________________ Phone ___________________

Copyright 2007-2009: Lifecare Directives, LLC
5348 Vegas Dr, #11 – Las Vegas, NV. 89108.
Rev. 4-14-09

Fig. 65.4 Example of a Notice of Advance Directive Activation Form. (Modified from http://www.lifecaredirectives.com/assets/Brochures/AD%20A
CTIVATION%2009.pdf.)

head of the bed and providing adequate but not excessive
pain management may combat these issues.
The issue of pain perception and tolerance has been a
controversial area of study. A recent meta-analysis suggests
that aging has no strong effect on pain tolerance although
there may be some decreased sensitivity for low-intensity
pain, most specifically to heat.70 Therefore it is important to
aggressively monitor and treat older adults for pain and regularly reassess their condition to avoid oversedation. In the
case of patients with dementia, and/or nonverbal patients,

it may be important to employ tools that can help identify
pain behaviors, such as the Pain Assessment in Impaired
Cognition tool. Measures for adequate pain control include
the judicious use of multimodal therapy and regional anesthesia. Care must be taken to avoid use of Beers list medications, which include gabapentin and long-acting opioids.
Delirium prevention is covered in Chapters 23, 52, and
80. Some general strategies are listed in Table 65.5. In
brief, multidisciplinary nonpharmacologic programs have
been the most successful efforts to reduce delirium. The
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BOX 65.1 Delirium Prevention Strategies
!□!
!□!
!
!
!
!
!
!
!
!
!
!
!
!

Education targeted to healthcare professionals about delirium
Multicomponent, multidisciplinary nonpharmacologic interventions that may include:
□! !Daily physical activity
□! !Cognitive reorientation
□! !Bedside presence of a family member whenever possible
□! !Sleep enhancement (e.g., nonpharmacologic sleep protocol
and sleep hygiene)
□! !Early mobility and/or physical rehabilitation
□! !Adaptations for visual and hearing impairment
□! !Nutrition and fluid repletion
□! !Pain management
□! !Appropriate medication usage
□! !Adequate oxygenation
□! !Prevention of constipation
□! !Minimization of patient tethers whenever possible (e.g.,
Foley catheters, periodic removal of sequential compression
devices, electrocardiogram cords)
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program most commonly used is the Hospital Elder Life
Program (HELP), which includes reorientation, mobilization, and promotion of regular sleep-wake cycles. HELP has
been shown to reduce delirium, cognitive and functional
decline, and to be cost effective.71,72 Antipsychotic medication should only be used to treat agitated delirium in the
patient who may be a danger to self or staff and never used
as prophylaxis.64 Benzodiazepines are contraindicated for
this situation and may worsen a delirium episode.!

Outcomes
As previous editions noted, the goal of surgery for the older
adult includes preserving independence and function
while treating the presenting condition. Large administrative datasets are just beginning to collect enough in-depth
information to help practitioners understand outcomes
in greater depth than 30-day mortality. The National
Surgical Quality Improvement Database launched a

TABLE 65.5 Recommended Intraoperative Practices for Older Adults (By Systems)
Practice Suggestion

Rationale

GENERAL PHARMACOLOGIC POINTS
Careful drug titration

Age-related changes in the volume of distribution for many drugs,
albumin concentration, and other changes cause changes in the
pharmacokinetics and pharmacodynamics of many anesthetic
drugs95

Consider using EEG-based anesthetic
dosage titration
Consider titrating intraoperative hemodynamics
and transfusion management in response to
cerebral oximetry
Reduce MAC fraction

Reduces postoperative delirium rates89-93; may reduce postoperative
cognitive dysfunction rates89,91
May reduce postoperative delirium rates91,92

NERVOUS SYSTEM

Reduce opioid administration
Minimize dosage of neuromuscular blocking agents,
and/or ensure that they are fully
reversed (i.e., Train-of-four ratio >90%) prior
to extubation
Avoid use of drugs on Beers list (see Table 65.4)

MAC and MAC-awake decline by 6% per decade after age 30;
increased MAC fraction is associated with increased rates of
PONV, POCD, delirium92,94
Opioid sensitivity increases with age; reducing opioid dosage may
reduce postoperative respiratory depression
Reduces postoperative pulmonary complications

Reduces rates of postoperative delirium, altered mental status

CARDIOVASCULAR
Avoid hypotension
Avoid hypertension

Helps reduce rates of acute kidney injury; helps ensure adequate
coronary perfusion
Helps reduce myocardial ischemia by avoiding excessive afterload
and resultant increases in myocardial oxygen consumption
(i.e., myocardial workload)

Pad skin carefully

Helps avoid pressure ulcers

Pad joints and exposed nerves (e.g., ulnar nerve)

Helps minimize the increased risk of intraoperative nerve injury, which
is increased in elderly due to loss of soft tissue/padding

SKIN
MUSCULOSKELETAL

POCD, Postoperative cognitive decline; PONV, postoperative nausea and vomiting.
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geriatric-specific data collection in January 2014. This
enhanced collection included risk factors and outcomes in
areas such as cognition, decision making, function, and
mobility. An early report demonstrated that among general vascular and orthopedic surgery, functional decline
occurred in 42.9% percent of patients.73 Factors associated with an increased risk of functional decline included
cognitive impairment, need for surrogate consent, use
of mobility aids, and a history of falls.74 While some of
these factors are currently part of a preoperative evaluation, others (cognitive screening) are not often evaluated.
More work is needed to employ geriatric screening and to
understand how preexisting states impact postoperative
outcomes. While many conditions may not be amenable
to change, it is clear that understanding risk is an important part of informed consent, impacts surgical decision
making, and postoperative support.
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