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T he aging of the baby-boom population and the
decreases in adult mortality seen in the last few
decades will dramatically increase the age of

Americans between 2010 and 2030. During that time,
the population older than age 65 yr is expected to
grow by 75%, whereas between 1995 and 2050, the
cumulative growth of the population older than 85 yr
is expected to exceed 400% (1). Furthermore, it has
been reported that the increased demand for surgery
in this population may exceed the rate of population
growth (2).

The implications of an aging population for the
practice of anesthesiology are profound. Age-related
changes in physiology and pharmacology can affect
every aspect of perioperative care. The changes in
surgical demographics will compel the anesthesiolo-
gist to become familiar with the physiology and clin-
ical care of the aged. This review will serve as an
introduction. First, some of the physiologic changes
that occur with aging will be presented. Second, the
preoperative assessment of the older surgical patient
will be discussed. Third, some of the research related
to intraoperative management of the geriatric surgical
patient will be described. In the fourth section, we will
discuss some geriatric-specific issues related to post-
operative management.

Physiologic Changes Relevant to
Perioperative Care
The most important generalization from physiologic
studies of aging is that the basal function of the vari-
ous organ systems is relatively uncompromised by the
aging process per se. However, functional reserve and

the ability to compensate for physiologic stress are
reduced (Fig. 1).

Cardiovascular Changes

Cardiovascular changes with aging have implications
for anesthetic care. Changes in the vascular system
and hemodynamics can affect every organ bed. The
Framingham Heart Study documented a nearly linear
increase in systolic blood pressure from age 30 to 84 yr
(3). Age-related hypertension is attributable to a 50%–
75% increase in arterial stiffness and a 25% increase in
systemic vascular resistance (3,4). Increased sympa-
thetic nervous system activity and decreased periph-
eral �-adrenergic responsiveness further contribute to
the hypertension of aging (5).

Ventricular hypertrophy develops in response to
increased afterload, increasing wall stress, myocardial
oxygen demand, and increasing susceptibility to is-
chemia. Although intrinsic contractility and resting
cardiac output are unaltered with aging, ventricular
hypertrophy and stiffening limit the ability of the
heart to adjust stroke volume (6) and impair passive
ventricular filling. In the elderly, changes in ventricu-
lar end-diastolic volume in response to either positive
or negative changes in central venous pressure are
typically half those seen in young or middle-aged
subjects (7). At the same time, fatty infiltration and
fibrosis of the heart increases the incidence of sinus,
atrioventricular, and ventricular conduction defects
(8). With aging there is also decreased myocardial
responsiveness to catecholamines and a diminished
heart rate response (6). These processes compromise
the heart’s ability to buffer changes in circulatory vol-
ume, resulting in a disposition to either congestive
heart failure or hypotension.

From the standpoint of perioperative hemodynamic
stability, age-related changes in the autonomic control
of heart rate, cardiac output, peripheral vascular re-
sistance, and the baroreceptor response (7,9,10) are as
important as the changes in the myocardium and vas-
culature. Age-related changes in the cardiovascular
system involve alterations in both mechanics and con-
trol mechanisms; the same can be said of the pulmo-
nary system.
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Pulmonary System

Age-related changes in the pulmonary system parallel
changes in the heart. With time, the thorax becomes
stiffer, increasing the work of breathing and reducing
maximal minute ventilation (11,12). Loss of thoracic
skeletal muscle mass aggravates this process. Residual
volume and functional residual capacity (FRC) both
increase with age—5%–10% and 1%–3% per decade,
respectively—whereas the forced expiratory volume
in 1 s is reduced approximately 6% to 8% per decade
(Fig. 2) (11,13). Because of reduced elastic recoil, the
closing volume increases such that it exceeds FRC by
age 65 (14). In the supine position, closing capacity
may reach FRC by 44 yr of age (11). Inspiratory and
expiratory functional reserve decrease with aging, and
the normal matching of ventilation and perfusion de-
creases (15). The respiratory response to hypoxia also
diminishes with aging (16); there is a decrease in cili-
ary function, and cough is reduced (11). Finally, pha-
ryngeal sensation and the motor function required for
swallowing are diminished in the elderly (17,18).

Neurologic Changes with Aging

Cardiopulmonary complications account for most
morbidity and mortality in older surgical patients;
however, neurologic morbidity affects a large number
of patients, and age-related degenerative changes in
the central and peripheral nervous systems contribute
to a variety of other morbidities.

Both the central and peripheral nervous systems are
affected by aging (19). There is a decrease in cortical
gray matter through middle age, resulting in cerebral
atrophy (20). The ratio of gray to white matter de-
creases from 1.28 at 20 yr to a low of 1.13 at 50 yr,
followed by an increase of this ratio to 1.55 at 100 yr of
age. The latter increase appears to reflect a dispropor-
tionate loss of white matter in the latest decades (20).
For the cortical gray matter, a decrease in neuronal
volume appears more important than neuronal loss
(21,22). There is also a reduction in the complexity of
neuronal connections, a decrease in the synthesis of
neurotransmitters, and an increase in the enzymes
responsible for their postsynaptic degradation (20).
Although cerebral metabolism, blood flow, and auto-
regulation generally remain intact (20), dendritic re-
gression and the deficiency of neurotransmitters limit
the ability of the older brain to integrate multiple
neural inputs. Neuronal loss and demyelinization also
occur in the spinal cord (23). Functionally, there are
changes in spinal cord reflexes and reductions in pro-
prioception. There are also important decreases in hy-
poxic and hypercarbic drive (11,24). Declines in visual
and auditory function further complicate the ability of
the nervous system to acquire and process informa-
tion. This combination of changes can limit the ability
of the older patient to understand and process infor-
mation in the perioperative period. These changes are
probably important contributors to postoperative de-
lirium, drug toxicity, and falls.

Aging is also associated with neuronal loss in the
autonomic nervous system. Sympathetic and para-
sympathetic ganglia lose neurons, and there is fibrosis
of peripheral sympathetic neurons. This peripheral
neuronal adrenergic loss is associated with impair-
ment of cardiovascular reflexes. At the same time,

Figure 1. Schematic representation of the relationship between max-
imal (broken line) and basal (solid line) physiologic function. Func-
tional reserve is the difference between maximal and basal function.
Aging inevitably reduces functional reserve even in individuals
who are physiologically “young.” The configuration of the curve for
basal function is adapted from longitudinal measurements of total
(not weight-specific) basal metabolic rate. Reprinted with permis-
sion: Muravchick S. Geroanesthesia: principles for management of
the elderly patient. St. Louis: Mosby, 1996 (Figures 1–3).

Figure 2. Mean forced expiratory volume in 1 s (FEV1) versus age
for men of differing ethnic groups. Reprinted with permission: Am J
Respir Crit Care Med 1999;159:179–87 (Figure 1).
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decreases in adrenoceptor responsiveness result in in-
creased adrenomedullary output and plasma catechol-
amine concentrations (9,10,23). Circulating norepi-
nephrine levels have been reported to increase
approximately 60% (230 to 380 pg/mL) between age
20 and age 70 (10).

Skeletal muscle innervation decreases, translating
into a loss of motor units and a decrease in strength,
coordination, and fine motor control (25). Joint posi-
tion and vibration sense may be compromised, and
the literature suggests some diminution in the pro-
cessing of painful stimuli (26,27). However, this effect,
if it exists, appears to be modest at best and does not
affect all nerve types equally (27–29). Furthermore,
given huge interpatient variability in nervous system
function and in the experience of pain, alterations in
subtypes of pain perception do not translate into a
decreased need for analgesia in the elderly (29–32).

Renal

Aging is accompanied by a progressive decrease in
renal blood flow (approximately 10% per decade after
age 50) and loss of renal parenchyma (33). Further-
more, by the eighth decade, 10%–30% of remaining
nephrons are sclerotic, reducing the functional capac-
ity of the reduced nephronal number (34). Together
these processes result in a progressive decrease in
glomerular capillary surface area and glomerular fil-
tration rate. However, because of loss of muscle mass,
aging is not associated with an increase in serum
creatinine. This physiologic, and often occult, aspect of
senescence has practical implications in the perioper-
ative period.

The old kidney has difficulty in maintaining circu-
lating blood volume and sodium homeostasis periop-
eratively (9,35). Fluid homeostasis is further compli-
cated by alterations in thirst mechanisms and
antidiuretic hormone release that frequently result in
dehydration (35). Perioperatively, metabolic acidosis
is also relatively common in elderly patients who are
less efficient in the renal excretion of acid.

Reductions in basal renal blood flow and a dimin-
ished response to vasodilatory stimuli (33,36) render
the elderly kidney particularly susceptible to the del-
eterious effects of low cardiac output, hypotension,
hypovolemia, and hemorrhage. Anesthetics, surgical
stress, pain, sympathetic stimulation, and renal vaso-
constrictive drugs may all compound subclinical renal
insufficiency.

Aging: Pharmacokinetics and
Pharmacodynamics

Our knowledge of the pharmacology of aging is limited
by the fact that elderly patients are often systematically
excluded from drug trials (37). This is a travesty because
elderly patients are the largest users of prescription

drugs. That said, certain predictions can be made about
pharmacology in the elderly. With aging there is de-
creased lean body mass and total body water and an
increased proportion of body fat; these alter the volume
of distribution and redistribution of drugs and alter their
rates of clearance and elimination. In a study of popula-
tion pharmacokinetics for propofol, elimination clear-
ance of the anesthetic was found to decrease linearly
with age �60 yr, even correcting for changes in body
weight (38). Furthermore, even though age-related
changes in plasma proteins make generalizations about
the pharmacokinetics complex, decreased protein bind-
ing and increased free fraction have the potential to
increase the pharmacologic effect of drugs used periop-
eratively (39). Furthermore, alterations in cardiac output
and renal or hepatic clearance may change drug plasma
concentrations and their duration of action (40). Neuro-
nal loss and decreased levels of neurotransmitters may
increase sensitivity to anesthetics. The changes in phar-
macokinetics that occur with aging make it difficult to
identify an independent effect of aging on pharmacody-
namics (41). However, age-related changes in the central
nervous system appear to increase the sensitivity to a
variety of anesthetics (42,43). This is probably best de-
scribed for propofol, where elderly patients are approx-
imately 30%–50% more sensitive than younger patients
(44); this sensitivity is independent of the decreased
clearance of the drug.

Pharmacokinetic and pharmacodynamic changes,
together with drug interactions and polypharmacy,
conspire to make the elderly prone to adverse drug
effects. There is an almost linear increase in adverse
drug reactions with age (45,46), and the likelihood of
adverse drug reactions increases with the number of
drugs administered. The addition of several drugs,
even short-acting ones, in the perioperative period
makes adverse reactions likely.

Implications

What is clear from a review of the physiologic changes
with aging is that even the fit elderly patient’s ability
to compensate for perioperative stress is compro-
mised. The cardiac, pulmonary, neurologic, and neu-
roendocrine changes that occur with aging make hy-
potension, low cardiac output, hypoxia, hypercarbia,
and disordered fluid regulation more commonplace in
the perioperative period. Furthermore, because base-
line cardiac, pulmonary, renal, and neurologic func-
tion is typically adequate in the absence of acute chal-
lenges, it can be very difficult to predict the effect of
perioperative stress on the older patient.

Preoperative Assessment of the Elderly

Historically, preoperative assessment has served to
alert the surgical care providers to physiologic condi-
tions that may alter perioperative management and to
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determine whether medical intervention is indicated
before proceeding. Two more contemporary uses of
the preoperative assessment are to provide an index of
risk and therefore contribute to decisions about the
most appropriate intervention and to provide baseline
data on which the success of a surgical intervention
might be judged.

Despite physiologic changes with aging and mul-
tiple comorbidities, even extreme age is not a con-
traindication to surgery (47– 49). What is less clear is
how to identify which patients will do well and
which will do poorly. No area of perioperative an-
esthetic care and management requires more inves-
tigation. The preoperative assessment of the patient
is composed of four interrelated functions: risk
stratification, as defined by population-based stud-
ies; history and physical examination, including
functional assessment of the individual patient; pre-
operative testing; and, in some cases, preoperative
optimization.

Population Studies. Because age itself adds little ad-
ditional risk in the absence of comorbid disease (50),
most risk factor identification and risk predictive in-
dices have been disease oriented (51–55). These inves-
tigations have typically studied a broad age range of
patients and in multivariate analyses identified the
relative contribution of age, ASA status, specific sur-
gical factors, intraoperative management, and comor-
bid conditions to surgical morbidity and mortality
(52,53,56–60).

The applicability of many existing risk indices to the
geriatric population is unclear. Because of the preva-
lence of comorbid conditions, it is difficult to stratify
the older patient population into smaller subsets with
better-defined risk. The scarcity of population studies
of perioperative risk and outcomes specifically in ge-
riatric populations can make it difficult to provide
good information or to choose the most suitable
course of care. Furthermore, elderly patients have rel-
atively unique risks. In addition to death, myocardial
infarction, or congestive heart failure, older patients
are unusually prone to postoperative delirium, aspi-
ration, urosepsis, adverse drug reactions, malnutri-
tion, falls, and failure to return to ambulation or to
home. Therefore, preoperative assessment tools and
the variables evaluated in outcomes trials require ex-
pansion for application to the geriatric surgical popu-
lation. Once completed, epidemiologic studies that
better stratify older patients would help to define the
appropriate preoperative assessment.

Functional Assessments. Functional evaluation of
elderly surgical patients requires greater attention.
This is important for several reasons. First, the evalu-
ation of the “resting” patient does not indicate how
the patient will respond to perioperative physiologic
demands. Second, because of patient heterogeneity,
functional assessments may be indicated to better

characterize patient differences, whether it is for ac-
tivities of daily living, cognitive and emotional status,
or urologic function. Although these metrics have
been applied successfully in orthopedic and thoracic
surgery (61–63) and can have predictive value for
longer-term outcomes (64–68), multidimensional as-
sessment and perioperative functional assessment are
largely lacking in the surgical literature. Preoperative
functional assessment is important because the surgi-
cal goal should be to return the patient to at least the
preoperative activity level. Tools such as the Short-
Form Health Survey 36, with subscales for variables
such as physical and emotional health, pain and health
perception, and social functioning, can be used to
measure health-related quality of life before and after
surgery (Fig. 3). These types of multidimensional as-
sessments have the potential to help redefine stan-
dards for the success of surgery and reset therapeutic
priorities (61,62,69–71).

Preoperative cognitive and psychological evalua-
tion of the elderly surgical patient deserves special
comment. Although frank delirium or dementia at
admission is very evident and is known to predict
poorer acute and long-term outcome (72,73), subtle
forms of cognitive impairment are much more com-
mon. Subtle forms of cognitive impairment can pre-
dict subsequent delirium (74) and worsened cognitive
outcome in cardiac, orthopedic, and abdominal sur-
gery patients (75–78). As such, a preoperative mental
status examination (79) should be considered in all
geriatric surgical patients. Preoperative depression
and alcohol abuse are also relatively frequent and can
affect outcomes (72,80,81); as with mental status bat-
teries, a variety of assessment tools for depression are
available. The effect of screening for mental status,
depression, and alcohol abuse on perioperative man-
agement of elderly patients is a huge potential area of
investigation.

Preoperative Testing. The third area contributing to
the preoperative preparation of the elderly surgical
patient is preoperative testing. Although work in this
area has been performed for large populations of
mixed age groups, it is not clear whether preoperative
screening tests have a different yield in the elderly or
whether specific testing is indicated for elderly patient
populations undergoing certain types of surgical
procedures.

In the general population, the bulk of routine tests
are not indicated. Unfortunately, age-specific data are
uncommon, and some small studies in elderly popu-
lations suggest a larger yield for specific tests. For the
elderly surgical population, chest radiograph, electro-
cardiogram, and urinalysis may have a larger yield in
patients undergoing certain types of procedures, even
if these tests are not directly predictive of postopera-
tive complications (82,83).
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In a small study of acutely ill elderly medical pa-
tients, the value of screening tests was evaluated (84).
The most important finding in the screening battery
was unknown urinary tract infections (16 of 50 pa-
tients; 32%). A different retrospective analysis (85) of
86 hip arthroplasty patients also determined that rou-
tine urine analysis was cost-effective in reducing hip
infections in the elderly.

Nutritional assessment can also be useful in sub-
populations. The 44-center Veteran’s Administration
(VA) study found that albumin concentration was a
predictor of surgical outcomes (86). However, because
of wide confidence limits, laboratory assessments of
nutritional status may make their application to indi-
vidual patients less useful than to populations (87). As
such, it may prove useful to combine laboratory tests
with anthropomorphic measurements, such as body
mass index, limb circumference, and weight loss (88–
90). These instruments are simple and inexpensive,
but their clinical yield has not been determined.

From these investigations and from work in
younger subjects, three themes become evident. First,
routine, undirected screening in a general population
of elderly patients does not add significantly to infor-
mation obtained in the clinical history. Second, in a
general population, the positive predictive value of
abnormal findings on routine screening is limited.
Third, with only a few exceptions, screening tests have
relatively little effect on the course of patient care.
Despite those observations, further research is re-
quired to better define the circumstances under which
certain tests should be ordered.

Although the yield for routine screening is very
small, it may be clinically valuable and cost-effective
to develop guidelines for preoperative testing that are

based on the type of surgery. Differing types of sur-
gery impose different types and degrees of physio-
logic stress. As such, the results of a cataract trial (91)
are inapplicable to patients undergoing vascular sur-
gery. Preoperative tests such as echocardiography and
thallium scanning can have predictive value and alter
the course of care if applied to specific populations at
increased risk (51,92,93). Similarly, nutritional assess-
ment might be very useful before abdominal or major
orthopedic surgery, but it would have a much smaller
effect for carotid endarterectomy. Screening for uri-
nary tract infection before orthopedic surgery or pul-
monary function testing before thoracic surgery might
be representative of surgery-specific laboratory test-
ing. Because it is the interaction of the patient and the
surgical stress that determines outcome, specific test-
ing might be equally indicated in a very physiologi-
cally debilitated older patient undergoing minimally
stressful surgery and in the mildly compromised older
patient undergoing surgery that imposes severe phys-
iologic stress. Future studies in older patients will
need to stratify patients as to severity of their preex-
isting risk factors (low, intermediate, or high) and
specifically examine their interaction with the specific
surgical challenges most common in the elderly.

Preoperative Optimization. In addition to providing
1) an assessment of risk based on population studies,
2) functional data to help define surgical success, and
3) specific information to guide perioperative manage-
ment, the fourth purpose of preoperative evaluation is
to determine whether medical intervention is indi-
cated before proceeding. Preoperative optimization is
an area in which relatively little geriatric research has
been performed. In specific populations undergoing

Figure 3. Deviation from age- and gender-adjusted population-based Short-Form Health Survey 36 scores (subgroup scores by surgical
procedure). � � thoracic surgery for lung cancer; F � total hip arthroplasty; � � abdominal aortic aneurysm; dotted line � age- and
sex-adjusted population-based value. Modified with permission from Blackwell Publishing: J Gen Intern Med 1997;12:686–97 (Figure 2).
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high-risk surgery, the value of preoperative optimiza-
tion of cardiac and pulmonary status can be demon-
strated (92–98). Improvement in nutritional status,
preoperative hydration, or renal function has the po-
tential to alter outcomes but has not been investigated.
Preoperative management of antibiotic therapy, anti-
coagulation, antiplatelet therapy, and anemia are
other obvious areas to examine. There are also sugges-
tions that preoperative interventions might facilitate
pain management and rehabilitation (99,100) and re-
duce delirium (101) after some types of surgery. Typ-
ically, where success has been shown in these areas, a
multidisciplinary approach (92,98–100), sometimes
with a specific geriatric care team (101), was used.

Intraoperative Management

Because anesthetic care is episodic, the criteria for
success are typically short-term and are not related to
mortality and major morbidity. Investigation of drugs
and techniques often address variables such as extu-
bation and recovery room time. Much of the recent
work specific to the elderly has been devoted to eval-
uation of ultra-short-acting anesthetics.

Although some of these studies have identified age-
related alterations in the pharmacokinetics, induction,
awakening, or recovery room stay, perspective is
needed. Whereas a drug may shorten recovery room
time by 30 min, the clinical effect of these changes on
patient outcomes is probably minimal. There is a role
for this type of research in geriatrics, but primary
research efforts should probably be directed else-
where. In addition to the numerous studies on the
pharmacology and short-term recovery in aged, sur-
gical patients, a second major area of research effort
has been to compare regional and general anesthesia.

Regional Versus General Anesthesia. Anesthesiolo-
gists caring for elderly orthopedic patients have been
the de facto leaders in research in geriatric anesthesia.
Research comparing regional and general anesthesia
in elderly orthopedic patients has broad implications
for determining research directions. These studies
have examined intraoperative cardiovascular stability
in the elderly, cardiopulmonary and thrombotic com-
plications, pain control, and cognitive outcomes.
Much of this literature was reviewed by Roy (102).

Although a few early studies reported that regional
anesthesia for orthopedic surgery was associated with
better outcomes (103,104), subsequent investigations
have not confirmed this across broad populations of
patients (105–108). Because most investigations have
been underpowered for rare events, metaanalysis has
been useful.

Sorenson and Pace (105) examined 13 randomized
controlled trials that reported follow-up to at least 1
mo. The authors were unable to identify any differ-
ence in mortality or blood loss by regional or general

anesthetic technique, although there was a clearly re-
duced incidence of deep vein thrombosis (DVT) in
regional anesthesia groups. Much of the data in So-
renson and Pace’s study were more recently reana-
lyzed with the addition of additional trials (106). Like
Sorenson and Pace, Urwin et al. (106) described re-
duced DVT and 1-mo mortality in 2162 hip fracture
patients receiving regional anesthesia, although no
other outcome measure reached statistical signifi-
cance. The reduction in mortality was no longer evi-
dent at 3, 6, or 12 mo. Subsequent large single-center
observational studies (109–111) have also not identi-
fied meaningful differences in cardiopulmonary mor-
bidity or mortality by anesthetic choice in hip surgery
patients. A similar conclusion was reached in the 2002
Cochrane Library review (112).

The review by Rodgers et al. (113) examined the
effects of regional anesthesia in 141 randomized trials
that included 9559 patients. A reduction in 30-day
mortality and DVT was observed in the regional
group, with no effect on mortality beyond 1 mo. Re-
ductions in pulmonary embolism, transfusion, respi-
ratory depression, myocardial infarction, and renal
failure were also described with regional anesthesia.
However, the reporting of many of these outcomes
was incomplete, so the analysis was based on small
subsets of patients. Additionally, studies were not
rated for quality, and data were used that were not
reported in the published trial. Furthermore, studies
for general, obstetrical and gynecologic, urologic, or-
thopedic, and “other” surgeries were combined, and
no information about age was provided. Finally, it is
impossible to base a practice on the results of the
review of Rodgers et al. because the following groups
of patients were combined into the regional anesthesia
group: those receiving 1) spinal anesthesia alone, 2)
epidural anesthesia alone, 3) general anesthesia fol-
lowed by postoperative regional anesthesia, 4) general
anesthesia combined with intraoperative spinal anes-
thesia, and 5) general anesthesia combined with intra-
operative epidural anesthesia. From this it is difficult
to determine whether the effects described in the re-
view are real and, if so, what their origin is or to what
patients they would apply.

In addition to the more typical outcomes measures,
several studies in orthopedic patients have examined
the effect of anesthetic technique on cognitive or func-
tional outcome, often following patients for �3 mo.
Although each of the prospective studies is small, only
one study (104) identified any difference in cognitive
outcome in elderly patients undergoing regional ver-
sus general anesthesia for orthopedic surgery. The
bulk of investigations could identify no difference
(80,114–117).

Although not all studies are in agreement (118,119),
similar conclusions must be drawn for transurethral
prostatectomy and peripheral vascular surgery
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(117,120–122). In carotid surgery, there is a suggestion
of a better outcome with a regional technique; how-
ever, most investigations are retrospective or nonran-
domized, so the effect of patient selection cannot be
eliminated. Additionally, the multicenter North
American Symptomatic Carotid Endarterectomy Trial
(123) could not identify an independent effect of an-
esthetic technique on outcome.

The difficulty in identifying a meaningful difference
between regional and general anesthesia has tremen-
dous implications for the conduct of research in geri-
atric anesthesia. First, because the most substantive
difference in the choice of anesthetic is whether the
patient undergoes a regional or a general anesthetic, if
little or no difference in outcome can be identified,
then the yield for similar outcome studies on differing
anesthetics is likely to be small. Second, it follows that
studies on anesthetic management and outcome will
need to be directed to specific complications in higher-
risk patients to provide clinical yield.

Physiologic Management. Although numerous stud-
ies have examined the relationship between intraop-
erative physiologic management and outcome, out-
side of catastrophic events, it appears that physiologic
management plays a modulatory rather than a pri-
mary role in outcome. The best example is in cardiac
surgery, in which the acute physiologic changes ex-
ceed those seen with any other type of surgery. De-
spite that, it has been difficult to demonstrate a direct
relationship between physiologic management and
outcome. Rather, it appears that technical issues dur-
ing surgery and the risk factors that the patient brings
to the operating room primarily determine how well
the patient does.

These conclusions are not an indictment on anes-
thetic practice or the role of the anesthesiologist in the
operating room. The opposite is true. Over the last
three decades, anesthesiology has made tremendous
strides that have made the intraoperative period ex-
tremely safe. Those advances will continue to expand
what is possible surgically. At the same time, it is
because the advances in intraoperative care have been
so great that the greatest needs for research in geriat-
rics probably lie in the preoperative assessment and
the postoperative management of patients.

In perspective, the lack of an independent effect of
anesthetic choice or physiologic management on ma-
jor outcomes is not surprising. In very large studies of
perioperative morbidity and mortality, the anesthetic
episode per se appears to have little or no effect on
30-day outcomes (60,124). Whereas certain pathophys-
iologic processes may be initiated during the intraop-
erative period, with few exceptions, major morbidity
and mortality in the operating room are rare.

Although choice of anesthetic should not be our
research priority in perioperative geriatrics, when
these studies are conducted, they must focus on the

elderly population, who will continue to constitute a
growing segment of the surgical population. Outside
of anesthetic choice or physiologic management, there
are other broad areas related to intraoperative care in
which research in the elderly might be productive.
Anesthetics and alterations in autonomic function
make it more difficult for older patients to maintain
their body temperature, and because postoperative
hypothermia increases the risk of adverse outcomes
(125,126), temperature control in elderly surgical pa-
tients will continue to require attention. Other areas of
intraoperative care outside of anesthetic choice are the
appropriate role for prophylactic antiplatelet drugs
and histamine-2 blockers in elderly surgical patients.
Other potentially fruitful areas might be the immuno-
suppressive effects of blood transfusion, musculoskel-
etal and nerve injury, and perioperative thrombotic
complications. Similarly, fluid intake and hydration
status and their relationship to renal insufficiency,
hypovolemia, and aspiration risk in the elderly would
be an area of research with a large potential effect on
practice.

Postoperative Management

Most surgical morbidity and mortality occurs after
surgery. In 7306 adult patients undergoing noncardiac
and nonthoracic surgery, Pedersen et al. (57) found
that mortality in the first 24 postoperative hours was
twice as frequent as that seen under anesthesia and
that the mortality over the next six postoperative days
was 10-fold more than seen during surgery. The same
was true of morbidity.

Postoperative Respiratory Complications. Respiratory
complications are the most common morbidity after
noncardiac surgery. Although smokers are probably
overrepresented in Veteran’s Administration (VA)
studies, 17% of the 84,000 patients in the 1995 VA
study of noncardiac surgical patients had complica-
tions. Of those who had complications, pneumonia
occurred in 3.6%, ventilatory failure in 3.2%, and un-
planned intubation in 2.4% (59). In a study of 288 older
general surgical patients, Seymour and Vaz (127) re-
ported that 17% of patients developed atelectasis, 12%
acute bronchitis, and 10% pneumonia.

Because the age-related changes in respiratory me-
chanics and control are accentuated by pain, anesthet-
ics, neuromuscular blockers, atelectasis, fluid shifts,
and other postoperative physiologic changes, the el-
derly have a disproportionate number of respiratory
complications. Despite this, clear guidelines for respi-
ratory monitoring in the elderly have not been devel-
oped. This issue is of pressing importance as contin-
ued efforts are made to abbreviate the time to
discharge and as more patients, most of them elderly,
undergo conscious sedation outside the operating
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room, where the risk of death related to sedation is
increased (128).

Age-related alterations in pharyngeal function and
diminished cough are aggravated by anesthetics, mus-
cle relaxants, pharyngeal instrumentation, and upper
abdominal or neck surgery (18,129–133). As such, ef-
forts to reduce postoperative aspiration in the elderly
are also indicated. Although the incidence of intraop-
erative aspiration is small and is uncommonly associ-
ated with clinically important pneumonitis (134), the
greater risk for aspiration extends after surgery. Re-
search focusing on appropriate reversal of neuromus-
cular blocking drugs, use of nasogastric tubes, resto-
ration of pharyngeal and tracheal reflexes and
gastrointestinal motility, and advancement of feeding
after surgery in the elderly is called for.

Acute Pain and Adverse Outcomes. The same ques-
tions that dominate research in pain management in
the general population apply to the elderly. However,
in many ways, the questions are more pressing in the
elderly because the elderly might receive the most
potential harm as well as the greatest potential benefit
from the treatment of postoperative pain. Because of
ischemic heart disease, diminished pulmonary capac-
ity, altered drug clearance, or increased drug sensitiv-
ity, the elderly patient is probably more vulnerable to
the physiologic consequences of inadequate analgesia,
as well as to the side effects related to analgesic use.

The perioperative period results in stress and in-
flammatory responses that peak after surgery when
morbidity occurs. Therefore, efforts have been made
to link the adequacy of analgesia with the magnitude
of the stress response and cardiopulmonary complica-
tions. Both negative and positive conclusions have
been reached.

In their review, Liu et al. (135) concluded that in-
tensive analgesia with regional techniques had a lim-
ited effect on cardiopulmonary outcomes or the stress
response and that pain and the stress response were
not directly coupled (135). That said, studies in the
highest-risk groups suggest that improvement can be
seen in cardiovascular, respiratory, or neurologic out-
come with intense analgesia by using regional tech-
niques (108,118,136). As such, intensive pain manage-
ment strategies might be indicated in high-risk elderly
patients or in low-risk elderly patients undergoing
high-risk surgery. The potential value of this approach
is evident in the multicenter VA study of epidural
analgesia (107). That large randomized investigation
showed specific advantages to perioperative epidural
analgesia in the aortic aneurysm subgroup of elderly
abdominal surgery patients but showed no such ad-
vantages across the entire population of abdominal
surgery patients. Because most investigations on post-
operative analgesia have not been conducted in an
elderly population, defining the circumstances under

which epidural analgesia or any other pain manage-
ment strategy can improve outcomes is a promising
area for research in geriatric anesthesia.

In addition to the stress response typically associ-
ated with the sympathetic-adrenal axis, many types of
surgery initiate a catabolic state. Although an inhibi-
tory effect of analgesia on protein wasting has been
suggested (137–139), a broader area for investigation
might be postsurgical catabolism in the elderly. Better
understanding of the relationship between preopera-
tive nutritional status and postoperative catabolism,
and interventions that might attenuate catabolism or
facilitate the transition back to anabolism, would be of
particular value for the elderly surgical patient.

Although the adequacy of postoperative analgesia
does not appear to be an independent determinant of
major outcomes in the general population of surgical
patients, other postoperative analgesia issues require
attention in the elderly. The relative benefit of patient-
controlled analgesia (PCA) (140) versus an as-needed
or scheduled analgesic administration may be of
greater importance in the elderly surgical patient. Be-
cause of heterogeneity in the geriatric population, it is
unlikely that fixed age-specific formulas for drug dos-
ing will be identified. These considerations potentially
make PCA analgesia an excellent choice. However, the
side effect profile for PCA analgesics in the elderly has
not been well established, and it has also been sug-
gested that elderly patients may struggle with the
technology. Similarly, the application of PCA for pa-
tients with altered mental status is problematic.
Geriatric-relevant outcomes with PCA in the elderly
must be further compared with fixed and as-needed
dosing techniques, as well as with postoperative pain
control by regional blockade.

The same might be true regarding the route of
administration for analgesics. There are not suffi-
cient data to identify a clear advantage or disadvan-
tage to the use of the IV, epidural, or intrathecal
routes for analgesic administration in the elderly.
The elderly are unusually susceptible to drug inter-
actions and have an increased incidence of respira-
tory depression, urinary retention, ileus, constipa-
tion, and postoperative falls. These are influenced
by choices in postoperative analgesia and may differ
by route of administration (141–143). As such, in-
vestigations into analgesic strategies for elderly sur-
gical patients will need to not only determine the
quality of analgesia, but also comprehensively ex-
amine the risks and benefits specific to that popu-
lation. This approach is well illustrated in the study
by Liu et al. (144), who compared analgesic drugs
and route of administration to try to identify the
analgesic program that achieved the best balance
between analgesia, side effects, gastrointestinal re-
covery, and fulfillment of discharge criteria in co-
lonic surgery patients. Although the study was
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small and included a wide patient age range, it is an
excellent model for the types of studies needed in
geriatric patients.

In addition to further assessment of analgesics and
mode of delivery, the use of analgesic adjuncts in
postoperative pain management requires further in-
vestigation in elderly surgical patients. Drugs such as
ketorolac, clonidine, gabapentin, dexmedetomidine,
and cyclooxygenase-2 inhibitors have the potential to
achieve adequate analgesia with smaller doses of opi-
oids, potentially reducing side effects in the elderly.

A final reason why studies of acute pain manage-
ment in the elderly are required is the influence that
acute pain management may bear on rehabilitation
and subsequently on functional status on discharge
(145). This has been demonstrated with integrated
analgesic programs after knee replacement (145–147)
and colonic surgery (148). Research is required after
other types of surgical procedures to determine
whether facilitation of rehabilitation by acute pain
management can improve other functional outcomes.

Another opportunity for research in postoperative
care is related to polypharmacy and adverse drug
events in the elderly. Elderly patients accumulate pre-
scriptions over time, and there is a clear relationship
between the number of drugs taken and the incidence
of adverse drug-related events. This problem is com-
pounded perioperatively.

The study by Cullen et al. (149) prospectively exam-
ined adverse drug events in hospitalized patients and
found that the rate of preventable and potential ad-
verse drug events was related to the number of drugs
administered. A similar report of 4031 adult hospital
admissions identified the incidence of adverse drug
events, their preventability, and the classes of drugs
that caused the most events. Analgesics were associ-
ated with the most adverse drug events (150) and
were also the leading class of drug with preventable
adverse drug events (Table 1). These results have par-
ticular bearing for the perioperative care of the el-
derly. The intersection of pain management and the
incidence of preventable adverse events related to an-
algesics and sedatives places anesthesiologists
squarely in a leadership role in this critical area.

Additionally, there is also a window of opportunity
during hospitalization to review patient medications
and look for combinations that may increase the risk
of complications such as respiratory depression, aspi-
ration, confusion, postural hypotension, urinary reten-
tion, and falls. The development of pharmacy and
electronic drug databases to achieve this goal are ru-
dimentary and will be more within the resources of
hospitals than of community practitioners.

Delirium and Cognitive Decline. Postoperative delir-
ium and/or cognitive decline affect 5%–50% of elderly
patients (76,151–153). The onset of delirium, a fluctu-
ating level of consciousness, typically presents on the

first to third postoperative day, may be sustained for
more than a week, and is associated with other med-
ical complications, prolonged hospitalization, and de-
creased functional status on discharge (78,151,154–
157). Much of the research has centered on the effect of
regional versus general anesthesia in orthopedic sur-
gery (80,81,114–117,158). Cognitive dysfunction, a de-
terioration of psychomotor capacities such as memory,
central processing time, and acquisition of new infor-
mation, is also common after surgery and has been
well described in both cardiac and noncardiac surgical
patients (159–162).

The effect of anesthetics on postoperative delirium
has been studied (81,114,117,163–165), and a leading
hypothesis has been that offending drugs aggravate
an age-associated central cholinergic insufficiency.
However, review of the literature indicates that delir-
ium is a syndrome that can be triggered by many
different perioperative events, so no single cause is
identifiable and no single intervention is likely to be
successful.

In addition to being linked to narcotics, sedatives,
and anticholinergics, delirium has been associated
with urinary tract infection, pneumonia, hypoxia or
hypercarbia, fever, blood loss, and electrolyte distur-
bances (151,152,154,166–168). Chronic patient factors
such as preexisting frank or subclinical dementia,
other organic brain disease, and vision and hearing
loss are also predictors of postoperative delirium and
cognitive decline (67,76,78,151,152,169,170). Finally, in
the elderly patient it has been suggested that hospi-
talization, pain, sleep deprivation, sensory depriva-
tion, and an unfamiliar environment may contribute
to delirium (77,151,152,171,172).

Most of the research in the anesthesia literature has
focused on the effect of anesthetics and analgesics only
to find that anesthetic technique has little if any effect
on the prevention of delirium. In contrast, studies
such as those conducted by Inouye et al. (68) might

Table 1. Adverse Events by Class of Druga

Drug class

Adverse
drug events,

No. (%)
(n � 247)

Preventable
adverse

drug events,
No. (%)
(n � 70)

Analgesic 73 (30) 20 (29)
Antibiotic 59 (24) 6 (9)
Sedative 20 (8) 7 (10)
Antineoplastic 18 (7) 3 (4)
Cardiovascular 9 (4) 3 (4)
Anticoagulant 8 (3) 3 (4)
Antipsychotic 6 (2) 5 (7)
Diabete 5 (2) 4 (6)
Electrolyte 3 (1) 3 (4)
Other 46 (19) 16 (23)

a Modified with permission, JAMA 1995;274:29–34. Copyrighted 1995,
American Medical Association.

ANESTH ANALG REVIEW ARTICLE COOK AND ROOKE 1831
2003;96:1823–36 PRIORITIES IN PERIOPERATIVE GERIATRICS



serve as a model for research in anesthesia (74,168–
170,173–175). In elderly medical patients, Inouye et al.
describe a multifactorial model for delirium that in-
volves the interrelationship between a vulnerable pa-
tient and acute insults (168,173). Multivariate model-
ing identified four risk factors for developing
hospitalization delirium: vision impairment, severe ill-
ness, preexisting cognitive impairment, and a blood
urea nitrogen/creatinine ratio of �18 (173,176). Pa-
tients were then divided into low-, intermediate-, and
high-risk groups depending on the number of risk
factors, and the rates of delirium in these groups were
3%, 16%, and 32%, respectively (173) (Table 2). In low-,
medium-, and high-risk groups, the rate of death or
nursing home placement was 3%, 14%, and 26%, re-
spectively (176).

Subsequently, Inouye et al. (174) determined the
effect of interventions based on their predictive model.
Four-hundred-twenty-six elderly medical patients in
an intervention group were matched to an equal num-
ber in a “usual care” group. In the intervention group,
risk factors for delirium were targeted for interven-
tion. The treatment group had a 9.9% incidence of
delirium, versus 15% in the usual care group (a 34%
decline). Subdivision of patients into intermediate- or
high-risk groups demonstrated that intervention re-
duced delirium in the intermediate-risk patients, but
the reduction in delirium in the high-risk group was
not statistically significant (174).

These studies also indicate that preoperative cogni-
tive deficit is a strong predictor of the likelihood of
delirium during the hospitalization (173). The same
effect has been identified in surgical patients (76–
78,177). This brings us back to the recurring observa-
tion that subclinical decrements in functional status
may become evident during the perioperative period.
These findings are extended by the observation that
postoperative delirium or cognitive decline may be a
harbinger of a potentially long-term cognitive dys-
function (159,178).

These types of data provide a compelling rationale
to investigate the use of a simple, short mental status
examination as part of the preoperative interview.
After that, the incidence of preoperative cognitive im-
pairment and its severity could be identified in pop-
ulations of elderly patients undergoing different types
of procedures. Research into the effectiveness of dif-
fering prevention strategies could follow. Those inves-
tigations could also examine whether reductions in
delirium translate into reduced medical complications
or improved functional status on discharge.

Summary and Conclusions
Perioperative care of the geriatric patient is complex.
Older patients are at increased risk for a host of com-
plications, and it is probably easier to precipitate these

complications than to prevent them. This precarious
state is a function of decreased functional reserve,
variable response to stress, and the number of
comorbidities.

Nevertheless, we have learned a great deal that can
guide future research. Rather than focus attention on
the choice of anesthetic technique or on short-term
outcomes, improvement in patient outcomes will be
better served by studies that yield better risk stratifi-
cation in the elderly. Pertinent patient risk factors will,
to some extent, probably be surgery specific. Subse-
quently, it can be determined whether identified risk
factors are amenable to therapy and whether such
intervention improves the outcome. An essential ele-
ment of both types of investigations will be a focus on
preoperative functional status and on outcomes ap-
propriate to the geriatric population rather than just
major cardiopulmonary morbidity and mortality.

Outcome is determined by the interaction of patient
factors and the challenges introduced by surgery. Sur-
gical impact varies widely by type, so development of
comprehensive care strategies for specific types of
surgery common in the elderly is indicated. This focus
is more likely to generate positive results and practical
guidelines than pooling elderly patients undergoing
differing types of surgery. Developing comprehensive
clinical pathways specific to the care of the elderly
patient undergoing specific types of surgeries is indi-
cated. It is likely that these approaches would be de-
fined and initiated by multidisciplinary care teams so
that preoperative, intraoperative, and postoperative
management could be integrated. This approach could
serve as a foundation for developing comprehensive
evidence-based geriatric perioperative care and might
have particular value in including prevention of de-
lirium and pneumonia, in pain management, and in
improving functional status on discharge. In these
investigations, the anesthesiologist has a unique role,
because we contribute significantly to preoperative
assessment and intraoperative and postoperative
management for every patient undergoing every type
of surgery.

Table 2. Incidence of Delirium by Risk Index

Risk group
No.

Factors
Delirium rate,
by person (%) RR

Low 0 5/125 (4)* 1.0
Intermediate 1–2 31/156 (20)* 5.0
High �3 11/31 (35)* 8.9

Each patient’s risk group was determined by adding one point for each
precipitating factor present: use of restraints, urinary catheter, more than
three medications added, any iatrogenic evernt, and malnutrition.

RR � relative risk.
Performance of the predictive model in for delirium in medical patients in

the validation cohort. Modified with permission: JAMA 1996;275:852–7 (Table
4).

* Chi-square overall � 24.8; P �0.001; �2 trend � 24.8; P �0.001.

1832 REVIEW ARTICLE COOK AND ROOKE ANESTH ANALG
PRIORITIES IN PERIOPERATIVE GERIATRICS 2003;96:1823–36



References
1. Siegel J. Aging into the 21st century. Washington, DC: US

Department of Health and Human Services, 1996.
2. Klopfenstein CE, Herrmann FR, Michel JP, et al. The influence

of an aging surgical population on the anesthesia workload: a
ten-year survey. Anesth Analg 1998;86:1165–70.

3. Franklin SS, Gustin WT, Wong ND, et al. Hemodynamic pat-
terns of age-related changes in blood pressure: the Framing-
ham Heart Study. Circulation 1997;96:308–15.

4. Landahl S, Bengtsson C, Sigurdsson JA, et al. Age-related
changes in blood pressure. Hypertension 1986;8:1044–9.

5. Pan HY, Hoffman BB, Pershe RA, Blaschke TF. Decline in beta
adrenergic receptor-mediated vascular relaxation with aging
in man. J Pharmacol Exp Ther 1986;239:802–7.

6. Folkow B, Svanborg A. Physiology of cardiovascular aging.
Physiol Rev 1993;73:725–64.

7. Cleroux J, Giannattasio C, Bolla G, et al. Decreased cardiopul-
monary reflexes with aging in normotensive humans. Am J
Physiol 1989;257:H961–8.

8. Falk RH. Etiology and complications of atrial fibrillation: in-
sights from pathology studies. Am J Cardiol 1998;82:10N–7N.

9. Phillips PA, Hodsman GP, Johnston CI. Neuroendocrine mech-
anisms and cardiovascular homeostasis in the elderly. Cardio-
vasc Drugs Ther 1991;4(Suppl 6):1209–13.

10. Rowe JW, Troen BR. Sympathetic nervous system and aging in
man. Endocr Rev 1980;1:167–79.

11. Zaugg M, Lucchinetti E. Respiratory function in the elderly.
Anesthesiol Clin North Am 2000;18:47–58.

12. Fowler RW. Ageing and lung function. Age Ageing 1985;14:
209–15.

13. Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference
values from a sample of the general U.S. population. Am J
Respir Crit Care Med 1999;159:179–87.

14. Pontoppidan H, Geffin B, Lowenstein E. Acute respiratory
failure in the adult. I. N Engl J Med 1972;287:690–8.

15. Lynne-Davies P. Influence of age on the respiratory system.
Geriatrics 1977;32:57–60.

16. Kronenberg RS, Drage CW. Attenuation of the ventilatory and
heart rate responses to hypoxia and hypercapnia with aging in
normal men. J Clin Invest 1973;52:1812–9.

17. Aviv JE. Effects of aging on sensitivity of the pharyngeal and
supraglottic areas. Am J Med 1997;103:74S–76S.

18. Marik PE. Aspiration pneumonitis and aspiration pneumonia.
N Engl J Med 2001;344:665–71.

19. Morris JC, McManus DQ. The neurology of aging: normal
versus pathologic change. Geriatrics 1991;46:47–8, 51–4.

20. Creasey H, Rapoport SI. The aging human brain. Ann Neurol
1985;17:2–10.

21. Terry RD, DeTeresa R, Hansen LA. Neocortical cell counts in
normal human adult aging. Ann Neurol 1987;21:530–9.

22. Morrison JH, Hof PR. Life and death of neurons in the aging
brain. Science 1997;278:412–9.

23. Muravchick S. Central nervous system. In: Craven L, ed.
Geroanesthesia: principles for management of the elderly pa-
tient. St. Louis: Mosby, 1997:78–113.

24. Peterson DD, Pack AI, Silage DA, Fishman AP. Effects of aging
on ventilatory and occlusion pressure responses to hypoxia
and hypercapnia. Am Rev Respir Dis 1981;124:387–91.

25. Muravchick S. Peripheral and autonomic nervous system. In:
Craven L, ed. Geroanesthesia: principles for management of
the elderly patient. St. Louis: Mosby, 1997:114–48.

26. Gibson SJ, Helme RD. Age differences in pain perception and
report: a review of physiological, psychological, laboratory and
clinical studies. Pain Rev 1995;2:111–37.

27. Chakour MC, Gibson SJ, Bradbeer M, Helme RD. The effect of
age on A delta- and C-fibre thermal pain perception. Pain
1996;64:143–52.

28. Helme RD, Gibson SJ. Pain in the elderly. In: Jensen TS, Turner
JA, Wiesenfeld-Hallin Z, eds. 8th World Congress on Pain.
Parkville, Australia: IASP Press, 1997:919–44.

29. Harkins SW, Davis MD, Bush FM, Kasberger J. Suppression of
first pain and slow temporal summation of second pain in
relation to age. J Gerontol A Biol Sci Med Sci 1996;51:M260–5.

30. Ferrell BA. Pain management in elderly people. J Am Geriatr
Soc 1991;39:64–73.

31. Harkins SW. Geriatric pain: pain perceptions in the old. Clin
Geriatr Med 1996;12:435–59.

32. The management of chronic pain in older persons: AGS Panel
on Chronic Pain in Older Persons—American Geriatrics Soci-
ety. J Am Geriatr Soc 1998;46:635–51.

33. Epstein M. Aging and the kidney. J Am Soc Nephrol 1996;7:
1106–22.

34. Anderson S, Brenner BM. The aging kidney: structure, func-
tion, mechanisms, and therapeutic implications. J Am Geriatr
Soc 1987;35:590–3.

35. Miller M. Fluid and electrolyte balance in the elderly. Geriat-
rics 1987;42:65–76.

36. Fuiano G, Sund S, Mazza G, et al. Renal hemodynamic re-
sponse to maximal vasodilating stimulus in healthy older sub-
jects. Kidney Int 2001;59:1052–8.

37. Cheitlin MD, Gerstenblith G, Hazzard WR, et al. Database
Conference January 27–30, 2000, Washington D.C.: do existing
databases answer clinical questions about geriatric cardiovas-
cular disease and stroke? Am J Geriatr Cardiol 2001;10:207–23.

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

39. Lamy PP, Wiser TH. Geriatric anesthesia. In: Katlic MR, ed.
Pharmacotherapeutic considerations in the elderly surgical pa-
tient. Baltimore: Urban & Schwarzenberg Inc, 1990:209–39.

40. Silverstein JH, Bloom HG, Cassel CK. New challenges in
anesthesia: new practice opportunities. Anesthesiol Clin North
Am 1999;17:453–65.

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

42. Dundee JW, Robinson FP, McCollum JS, Patterson CC. Sensi-
tivity to propofol in the elderly. Anaesthesia 1986;41:482–5.

43. Homer TD, Stanski DR. The effect of increasing age on thio-
pental disposition and anesthetic requirement. Anesthesiology
1985;62:714–24.

44. Schnider TW, Minto CF, Shafer SL, et al. The influence of age
on propofol pharmacodynamics. Anesthesiology 1999;90:
1502–16.

45. Patterson C. Iatrogenic disease in late life. Clin Geriatr Med
1986;2:121–36.

46. Williamson J, Chopin JM. Adverse reactions to prescribed
drugs in the elderly: a multicentre investigation. Age Ageing
1980;9:73–80.

47. Schneider JR, Droste JS, Schindler N, Golan JF. Carotid endar-
terectomy in octogenarians: comparison with patient charac-
teristics and outcomes in younger patients. J Vasc Surg 2000;
31:927–35.

48. Warner MA, Saletel RA, Schroeder DR, et al. Outcomes of
anesthesia and surgery in people 100 years of age and older.
J Am Geriatr Soc 1998;46:988–93.

49. Laskin RS. Total knee replacement in patients older than 85
years. Clin Orthop 1999;367:43–9.

50. Tiret L, Desmonts JM, Hatton F, Vourc’h G. Complications
associated with anaesthesia: a prospective survey in France.
Can Anaesth Soc J 1986;33:336–44.

51. Eagle KA, Brundage BH, Chaitman BR, et al. Guidelines for
perioperative cardiovascular evaluation for noncardiac
surgery: report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines
Committee on Perioperative Cardiovascular Evaluation for
Noncardiac Surgery. Circulation 1996;93:1278–317.

52. Goldman L. Cardiac risks and complications of noncardiac
surgery. Ann Intern Med 1983;98:504–13.

53. Liu LL, Leung JM. Predicting adverse postoperative outcomes
in patients aged 80 years or older. J Am Geriatr Soc 2000;48:
405–12.

ANESTH ANALG REVIEW ARTICLE COOK AND ROOKE 1833
2003;96:1823–36 PRIORITIES IN PERIOPERATIVE GERIATRICS



54. Arvidsson S, Ouchterlony J, Sjostedt L, Svardsudd K. Predict-
ing postoperative adverse events: clinical efficiency of four
general classification systems—the project perioperative risk.
Acta Anaesthesiol Scand 1996;40:783–91.

55. Detsky AS, Abrams HB, Forbath N, et al. Cardiac assessment
for patients undergoing noncardiac surgery: a multifactorial
clinical risk index. Arch Intern Med 1986;146:2131–4.

56. Pedersen T, Eliasen K, Henriksen E. A prospective study of risk
factors and cardiopulmonary complications associated with
anaesthesia and surgery: risk indicators of cardiopulmonary
morbidity. Acta Anaesthesiol Scand 1990;34:144–55.

57. Pedersen T, Eliasen K, Henriksen E. A prospective study of
mortality associated with anaesthesia and surgery: risk indica-
tors of mortality in hospital. Acta Anaesthesiol Scand 1990;34:
176–82.

58. Browner WS, Li J, Mangano DT. In-hospital and long-term
mortality in male veterans following noncardiac surgery: the
Study of Perioperative Ischemia Research Group. JAMA 1992;
268:228–32.

59. Khuri SF, Daley J, Henderson W, et al. The National Veterans
Administration Surgical Risk Study: risk adjustment for the
comparative assessment of the quality of surgical care. J Am
Coll Surg 1995;180:519–31.

60. Arvidsson S, Ouchterlony J, Nilsson S, et al. The Gothenburg
study of perioperative risk. I. Preoperative findings, postoper-
ative complications. Acta Anaesthesiol Scand 1994;38:679–90.

61. Moy ML, Ingenito EP, Mentzer SJ, et al. Health-related quality
of life improves following pulmonary rehabilitation and lung
volume reduction surgery. Chest 1999;115:383–9.

62. Mangione CM, Goldman L, Orav EJ, et al. Health-related qual-
ity of life after elective surgery: measurement of longitudinal
changes. J Gen Intern Med 1997;12:686–97.

63. Hannan EL, Magaziner J, Wang JJ, et al. Mortality and loco-
motion 6 months after hospitalization for hip fracture: risk
factors and risk-adjusted hospital outcomes. JAMA 2001;285:
2736–42.

64. Tammela T, Kontturi M, Lukkarinen O. Postoperative urinary
retention. I. Incidence and predisposing factors. Scand J Urol
Nephrol 1986;20:197–201.

65. Duits AA, Boeke S, Taams MA, et al. Prediction of quality of
life after coronary artery bypass graft surgery: a review and
evaluation of multiple, recent studies. Psychosom Med 1997;
59:257–68.

66. Keene JS, Anderson CA. Hip fractures in the elderly: discharge
predictions with a functional rating scale. JAMA 1982;248:
564–7.

67. McCartney JR, Palmateer LM. Assessment of cognitive deficit
in geriatric patients: a study of physician behavior. J Am Geri-
atr Soc 1985;33:467–71.

68. Inouye SK, Peduzzi PN, Robison JT, et al. Importance of func-
tional measures in predicting mortality among older hospital-
ized patients. JAMA 1998;279:1187–93.

69. Bradley EH, Bogardus ST Jr, van Doorn C, et al. Goals in
geriatric assessment: are we measuring the right outcomes?
Gerontologist 2000;40:191–6.

70. Heijmeriks JA, Pourrier S, Dassen P, et al. Comparison of
quality of life after coronary and/or valvular cardiac surgery
in patients � or �75 years of age with younger patients. Am J
Cardiol 1999;83:1129–32, A9.

71. Katz S. Assessing self-maintenance: activities of daily living,
mobility, and instrumental activities of daily living. J Am
Geriatr Soc 1983;31:721–7.

72. Holmes J, House A. Psychiatric illness predicts poor outcome
after surgery for hip fracture: a prospective cohort study. Psy-
chol Med 2000;30:921–9.

73. Dolan MM, Hawkes WG, Zimmerman SI, et al. Delirium on
hospital admission in aged hip fracture patients: prediction of
mortality and 2-year functional outcomes. J Gerontol A Biol Sci
Med Sci 2000;55:M527–34.

74. Inouye SK, Schlesinger MJ, Lydon TJ. Delirium: a symptom of
how hospital care is failing older persons and a window to
improve quality of hospital care. Am J Med 1999;106:565–73.

75. Millar K, Asbury AJ, Murray GD. Pre-existing cognitive im-
pairment as a factor influencing outcome after cardiac surgery.
Br J Anaesth 2001;86:63–7.

76. Dyer CB, Ashton CM, Teasdale TA. Postoperative delirium: a
review of 80 primary data-collection studies. Arch Intern Med
1995;155:461–5.

77. Kaneko T, Takahashi S, Naka T, et al. Postoperative delirium
following gastrointestinal surgery in elderly patients. Surg To-
day 1997;27:107–11.

78. Gustafson Y, Berggren D, Brannstrom B, et al. Acute confu-
sional states in elderly patients treated for femoral neck frac-
ture. J Am Geriatr Soc 1988;36:525–30.

79. McDowell I, Kristjansson B, Hill GB, Hebert R. Community
screening for dementia: the Mini Mental State Exam (MMSE)
and Modified Mini-Mental State Exam (3MS) compared. J Clin
Epidemiol 1997;50:377–83.

80. Berggren D, Gustafson Y, Eriksson B, et al. Postoperative con-
fusion after anesthesia in elderly patients with femoral neck
fractures. Anesth Analg 1987;66:497–504.

81. Williams-Russo P, Urquhart BL, Sharrock NE, Charlson ME.
Post-operative delirium: predictors and prognosis in elderly
orthopedic patients. J Am Geriatr Soc 1992;40:759–67.

82. Seymour DG, Pringle R, Shaw JW. The role of the routine
pre-operative chest X-ray in the elderly general surgical pa-
tient. Postgrad Med J 1982;58:741–5.

83. Seymour DG, Pringle R, MacLennan WJ. The role of the rou-
tine pre-operative electrocardiogram in the elderly surgical
patient. Age Ageing 1983;12:97–104.

84. Sewell JM, Spooner LL, Dixon AK, Rubenstein D. Screening
investigations in the elderly. Age Ageing 1981;10:165–8.

85. Sanders DP, McKinney FW, Harris WH. Clinical evaluation
and cost effectiveness of preoperative laboratory assessment
on patients undergoing total hip arthroplasty. Orthopedics
1989;12:1449–53.

86. Gibbs J, Cull W, Henderson W, et al. Preoperative serum
albumin level as a predictor of operative mortality and
morbidity: results from the National VA Surgical Risk Study.
Arch Surg 1999;134:36–42.

87. Baker JP, Detsky AS, Wesson DE, et al. Nutritional assessment:
a comparison of clinical judgement and objective measure-
ments. N Engl J Med 1982;306:969–72.

88. Mazolewski P, Turner JF, Baker M, et al. The impact of nutri-
tional status on the outcome of lung volume reduction surgery:
a prospective study. Chest 1999;116:693–6.

89. Cohendy R, Gros T, Arnaud-Battandier F, et al. Preoperative
nutritional evaluation of elderly patients: the Mini Nutritional
Assessment as a practical tool. Clin Nutr 1999;18:345–8.

90. Moore AA, Siu AL. Screening for common problems in ambu-
latory elderly: clinical confirmation of a screening instrument.
Am J Med 1996;100:438–43.

91. Schein OD, Katz J, Bass EB, et al. The value of routine preop-
erative medical testing before cataract surgery: Study of Med-
ical Testing for Cataract Surgery. N Engl J Med 2000;342:
168–75.

92. Berlauk JF, Abrams JH, Gilmour IJ, et al. Preoperative optimi-
zation of cardiovascular hemodynamics improves outcome in
peripheral vascular surgery: a prospective, randomized clinical
trial. Ann Surg 1991;214:289–97; discussion 98–9.

93. Leppo JA. Preoperative cardiac risk assessment for noncardiac
surgery. Am J Cardiol 1995;75:42D–51D.

94. Del Guercio LR, Cohn JD. Monitoring operative risk in the
elderly. JAMA 1980;243:1350–5.

95. Smith MS, Muir H, Hall R. Perioperative management of drug
therapy, clinical considerations. Drugs 1996;51:238–59.

96. Zaugg M, Tagliente T, Lucchinetti E, et al. Beneficial effects
from beta-adrenergic blockade in elderly patients undergoing
noncardiac surgery. Anesthesiology 1999;91:1674–86.

97. Yeager RA, Moneta GL, Edwards JM, et al. Reducing periop-
erative myocardial infarction following vascular surgery: the
potential role of beta-blockade. Arch Surg 1995;130:869–73.

1834 REVIEW ARTICLE COOK AND ROOKE ANESTH ANALG
PRIORITIES IN PERIOPERATIVE GERIATRICS 2003;96:1823–36



98. Bisson A, Stern M, Caubarrere I. Preparation of high-risk pa-
tients for major thoracic surgery. Chest Surg Clin N Am 1998;
8:541–55.

99. Debigare R, Maltais F, Whittom F, et al. Feasibility and efficacy
of home exercise training before lung volume reduction. J Car-
diopulm Rehabil 1999;19:235–41.

100. Arthur HM, Daniels C, McKelvie R, et al. Effect of a preoper-
ative intervention on preoperative and postoperative outcomes
in low-risk patients awaiting elective coronary artery bypass
graft surgery: a randomized, controlled trial. Ann Intern Med
2000;133:253–62.

101. Marcantonio ER, Flacker JM, Wright RJ, Resnick NM. Reduc-
ing delirium after hip fracture: a randomized trial. J Am Geri-
atr Soc 2001;49:516–22.

102. Roy RC. Choosing general versus regional anesthesia for the
elderly. Anesthesiol Clin North Am 2000;18:91–104.

103. McLaren AD, Stockwell MC, Reid VT. Anaesthetic techniques
for surgical correction of fractured neck of femur: a compara-
tive study of spinal and general anaesthesia in the elderly.
Anaesthesia 1978;33:10–4.

104. Hole A, Terjesen T, Breivik H. Epidural versus general anaes-
thesia for total hip arthroplasty in elderly patients. Acta An-
aesthesiol Scand 1980;24:279–87.

105. Sorenson RM, Pace NL. Anesthetic techniques during surgical
repair of femoral neck fractures: a meta-analysis. Anesthesiol-
ogy 1992;77:1095–104.

106. Urwin SC, Parker MJ, Griffiths R. General versus regional
anaesthesia for hip fracture surgery: a meta- analysis of ran-
domized trials. Br J Anaesth 2000;84:450–5.

107. Park WY, Thompson JS, Lee KK. Effect of epidural anesthesia
and analgesia on perioperative outcome: a randomized, con-
trolled Veterans Affairs cooperative study. Ann Surg 2001;234:
560–9; discussion 9–71.

108. Rigg JR, Jamrozik K, Myles PS, et al. Epidural anaesthesia and
analgesia and outcome of major surgery: a randomised trial.
Lancet 2002;359:1276–82.

109. Gilbert TB, Hawkes WG, Hebel JR, et al. Spinal anesthesia
versus general anesthesia for hip fracture repair: a longitudinal
observation of 741 elderly patients during 2-year follow- up.
Am J Orthop 2000;29:25–35.

110. Sutcliffe AJ, Parker M. Mortality after spinal and general an-
aesthesia for surgical fixation of hip fractures. Anaesthesia
1994;49:237–40.

111. O’Hara DA, Duff A, Berlin JA, et al. The effect of anesthetic
technique on postoperative outcomes in hip fracture repair.
Anesthesiology 2000;92:947–57.

112. Lien CA. Regional versus general anesthesia for hip surgery in
older patients: does the choice affect patient outcome? J Am
Geriatr Soc 2002;50:191–4.

113. Rodgers A, Walker N, Schug S, et al. Reduction of postopera-
tive mortality and morbidity with epidural or spinal
anaesthesia: results from overview of randomised trials. BMJ
2000;321:1493.

114. Nielson WR, Gelb AW, Casey JE, et al. Long-term cognitive
and social sequelae of general versus regional anesthesia dur-
ing arthroplasty in the elderly. Anesthesiology 1990;73:1103–9.

115. Riis J, Lomholt B, Haxholdt O, et al. Immediate and long-term
mental recovery from general versus epidural anesthesia in
elderly patients. Acta Anaesthesiol Scand 1983;27:44–9.

116. Bigler D, Adelhoj B, Petring OU, et al. Mental function and
morbidity after acute hip surgery during spinal and general
anaesthesia. Anaesthesia 1985;40:672–6.

117. Ghoneim MM, Hinrichs JV, O’Hara MW, et al. Comparison of
psychologic and cognitive functions after general or regional
anesthesia. Anesthesiology 1988;69:507–15.

118. Yeager MP, Glass DD, Neff RK, Brinck-Johnsen T. Epidural
anesthesia and analgesia in high-risk surgical patients. Anes-
thesiology 1987;66:729–36.

119. Chung F, Meier R, Lautenschlager E, et al. General or spinal
anesthesia: which is better in the elderly? Anesthesiology 1987;
67:422–7.

120. Edwards ND, Callaghan LC, White T, Reilly CS. Perioperative
myocardial ischaemia in patients undergoing transurethral
surgery: a pilot study comparing general with spinal anaesthe-
sia. Br J Anaesth 1995;74:368–72.

121. Bode RH, Lewis KP, Zarich SW, et al. Cardiac outcome after
peripheral vascular surgery: comparison of general and re-
gional anesthesia. Anesthesiology 1996;84:3–13.

122. Christopherson R, Beattie C, Frank SM, et al. Perioperative
morbidity in patients randomized to epidural or general anes-
thesia for lower extremity vascular surgery: Perioperative Is-
chemia Randomized Anesthesia Trial Study Group. Anesthe-
siology 1993;79:422–34.

123. Ferguson GG, Eliasziw M, Barr HW, et al. The North American
Symptomatic Carotid Endarterectomy Trial: surgical results in
1415 patients. Stroke 1999;30:1751–8.

124. Cohen MM, Duncan PG, Pope WD, et al. The Canadian four-
centre study of anaesthetic outcomes. II. Can outcomes be used
to assess the quality of anaesthesia care? Can J Anaesth 1992;
39:430–9.

125. Frank SM, Fleisher LA, Breslow MJ, et al. Perioperative main-
tenance of normothermia reduces the incidence of morbid
cardiac events: a randomized clinical trial. JAMA 1997;277:
1127–34.

126. Frank SM, Fleisher LA, Olson KF, et al. Multivariate determi-
nants of early postoperative oxygen consumption in elderly
patients: effects of shivering, body temperature, and gender.
Anesthesiology 1995;83:241–9.

127. Seymour DG, Vaz FG. A prospective study of elderly general
surgical patients. II. Post-operative complications. Age Ageing
1989;18:316–26.

128. Bailey PL, Pace NL, Ashburn MA, et al. Frequent hypoxemia
and apnea after sedation with midazolam and fentanyl. Anes-
thesiology 1990;73:826–30.

129. de Larminat V, Montravers P, Dureuil B, Desmonts JM. Alter-
ation in swallowing reflex after extubation in intensive care
unit patients. Crit Care Med 1995;23:486–90.

130. Hogue CW Jr, Lappas GD, Creswell LL, et al. Swallowing
dysfunction after cardiac operations: associated adverse out-
comes and risk factors including intraoperative transesopha-
geal echocardiography. J Thorac Cardiovasc Surg 1995;110:
517–22.

131. Mitchell CK, Smoger SH, Pfeifer MP, et al. Multivariate anal-
ysis of factors associated with postoperative pulmonary com-
plications following general elective surgery. Arch Surg 1998;
133:194–8.

132. Sundman E, Witt H, Olsson R, et al. The incidence and mech-
anisms of pharyngeal and upper esophageal dysfunction in
partially paralyzed humans: pharyngeal videoradiography
and simultaneous manometry after atracurium. Anesthesiol-
ogy 2000;92:977–84.

133. Berg H, Roed J, Viby-Mogensen J, et al. Residual neuromuscu-
lar block is a risk factor for postoperative pulmonary
complications: a prospective, randomised, and blinded study
of postoperative pulmonary complications after atracurium,
vecuronium and pancuronium. Acta Anaesthesiol Scand 1997;
41:1095–103.

134. Warner MA, Warner ME, Weber JG. Clinical significance of
pulmonary aspiration during the perioperative period. Anes-
thesiology 1993;78:56–62.

135. Liu S, Carpenter RL, Neal JM. Epidural anesthesia and
analgesia: their role in postoperative outcome. Anesthesiology
1995;82:1474–506.

136. Tuman KJ, McCarthy RJ, March RJ, et al. Effects of epidural
anesthesia and analgesia on coagulation and outcome after
major vascular surgery. Anesth Analg 1991;73:696–704.

137. Giesecke K, Klingstedt C, Ljungqvist O, Hagenfeldt L. The
modifying influence of anaesthesia on postoperative protein
catabolism. Br J Anaesth 1994;72:697–9.

138. Heindorff H, Schulze S, Mogensen T, et al. Hormonal and
neural blockade prevents the postoperative increase in amino
acid clearance and urea synthesis. Surgery 1992;111:543–50.

ANESTH ANALG REVIEW ARTICLE COOK AND ROOKE 1835
2003;96:1823–36 PRIORITIES IN PERIOPERATIVE GERIATRICS



139. Carli F, Halliday D. Continuous epidural blockade arrests the
postoperative decrease in muscle protein fractional synthetic
rate in surgical patients. Anesthesiology 1997;86:1033–40.

140. Wasylak TJ, Abbott FV, English MJ, Jeans ME. Reduction of
postoperative morbidity following patient-controlled mor-
phine. Can J Anaesth 1990;37:726–31.

141. Carpenter RL, Abram SE, Bromage PR, Rauck RL. Consensus
statement on acute pain management. Reg Anesth 1996;21:
152–6.

142. Petros JG, Alameddine F, Testa E, et al. Patient-controlled
analgesia and postoperative urinary retention after hysterec-
tomy for benign disease. J Am Coll Surg 1994;179:663–7.

143. Carpenter RL. Gastrointestinal benefits of regional anesthesia/
analgesia. Reg Anesth 1996;21:13–7.

144. Liu SS, Carpenter RL, Mackey DC, et al. Effects of periopera-
tive analgesic technique on rate of recovery after colon surgery.
Anesthesiology 1995;83:757–65.

145. Capdevila X, Barthelet Y, Biboulet P, et al. Effects of perioper-
ative analgesic technique on the surgical outcome and duration
of rehabilitation after major knee surgery. Anesthesiology
1999;91:8–15.

146. Mahoney OM, Noble PC, Davidson J, Tullos HS. The effect of
continuous epidural analgesia on postoperative pain, rehabil-
itation, and duration of hospitalization in total knee arthro-
plasty. Clin Orthop 1990;260:30–7.

147. Williams-Russo P, Sharrock NE, Haas SB, et al. Randomized
trial of epidural versus general anesthesia: outcomes after pri-
mary total knee replacement. Clin Orthop 1996;331:199–208.

148. Carli F, Mayo N, Klubien K, et al. Epidural analgesia enhances
functional exercise capacity and health-related quality of life
after colonic surgery: results of a randomized trial. Anesthesi-
ology 2002;97:540–9.

149. Cullen DJ, Sweitzer BJ, Bates DW, et al. Preventable adverse
drug events in hospitalized patients: a comparative study of
intensive care and general care units. Crit Care Med 1997;25:
1289–97.

150. Bates DW, Cullen DJ, Laird N, et al. Incidence of adverse drug
events and potential adverse drug events: implications for
prevention—ADE Prevention Study Group. JAMA 1995;274:
29–34.

151. O’Keeffe ST, Ni Chonchubhair A. Postoperative delirium in the
elderly. Br J Anaesth 1994;73:673–87.

152. Parikh SS, Chung F. Postoperative delirium in the elderly.
Anesth Analg 1995;80:1223–32.

153. Grichnik KP, Ijsselmuiden AJ, D’Amico TA, et al. Cognitive
decline after major noncardiac operations: a preliminary pro-
spective study. Ann Thorac Surg 1999;68:1786–91.

154. Ritchie K, Polge C, de Roquefeuil G, et al. Impact of anesthesia
on the cognitive functioning of the elderly. Int Psychogeriatr
1997;9:309–26.

155. Goldstein MZ, Young BL, Fogel BS, Benedict RH. Occurrence
and predictors of short-term mental and functional changes in
older adults undergoing elective surgery under general anes-
thesia. Am J Geriatr Psychiatry 1998;6:42–52.

156. Rogers MP, Liang MH, Daltroy LH, et al. Delirium after elec-
tive orthopedic surgery: risk factors and natural history. Int
J Psychiatry Med 1989;19:109–21.

157. Roca R. Psychosocial aspects of surgical care in the elderly
patient. Surg Clin North Am 1994;74:223–43.

158. Williams-Russo P, Sharrock NE, Mattis S, et al. Cognitive
effects after epidural vs general anesthesia in older adults: a
randomized trial. JAMA 1995;274:44–50.

159. Moller JT, Cluitmans P, Rasmussen LS, et al. Long-term post-
operative cognitive dysfunction in the elderly ISPOCD1 study:
ISPOCD investigators—International Study of Post-Operative
Cognitive Dysfunction. Lancet 1998;351:857–61.

160. McKhann GM, Goldsborough MA, Borowicz LM Jr, et al.
Cognitive outcome after coronary artery bypass: a one-year
prospective study. Ann Thorac Surg 1997;63:510–5.

161. Newman MF, Kramer D, Croughwell ND, et al. Differential
age effects of mean arterial pressure and rewarming on cogni-
tive dysfunction after cardiac surgery. Anesth Analg 1995;81:
236–42.

162. Selnes OA, Goldsborough MA, Borowicz LM, et al. Determi-
nants of cognitive change after coronary artery bypass surgery:
a multifactorial problem. Ann Thorac Surg 1999;67:1669–76.

163. Chung FF, Chung A, Meier RH, et al. Comparison of periop-
erative mental function after general anaesthesia and spinal
anaesthesia with intravenous sedation. Can J Anaesth 1989;36:
382–7.

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

165. Herrick IA, Ganapathy S, Komar W, et al. Postoperative cog-
nitive impairment in the elderly: choice of patient-controlled
analgesia opioid. Anaesthesia 1996;51:356–60.

166. Marcantonio ER, Goldman L, Orav EJ, et al. The association of
intraoperative factors with the development of postoperative
delirium. Am J Med 1998;105:380–4.

167. Dodds C, Allison J. Postoperative cognitive deficit in the el-
derly surgical patient. Br J Anaesth 1998;81:449–62.

168. Inouye SK, Charpentier PA. Precipitating factors for delirium
in hospitalized elderly persons: predictive model and interre-
lationship with baseline vulnerability. JAMA 1996;275:852–7.

169. Inouye SK. Delirium in hospitalized older patients: recognition
and risk factors. J Geriatr Psychiatry Neurol 1998;11:118–25;
discussion 57–8.

170. Inouye SK. Delirium in hospitalized older patients. Clin Geri-
atr Med 1998;14:745–64.

171. Lynch EP, Lazor MA, Gellis JE, et al. The impact of postoper-
ative pain on the development of postoperative delirium.
Anesth Analg 1998;86:781–5.

172. Koenig HG, George LK, Stangl D, Tweed DL. Hospital stres-
sors experienced by elderly medical inpatients: developing a
Hospital Stress Index. Int J Psychiatry Med 1995;25:103–22.

173. Inouye SK. Predisposing and precipitating factors for delirium
in hospitalized older patients. Dement Geriatr Cogn Disord
1999;10:393–400.

174. Inouye SK, Bogardus ST Jr, Charpentier PA, et al. A multicom-
ponent intervention to prevent delirium in hospitalized older
patients. N Engl J Med 1999;340:669–76.

175. Inouye SK, Rushing JT, Foreman MD, et al. Does delirium
contribute to poor hospital outcomes? A three-site epidemio-
logic study. J Gen Intern Med 1998;13:234–42.

176. Inouye SK, Viscoli CM, Horwitz RI, et al. A predictive model
for delirium in hospitalized elderly medical patients based on
admission characteristics. Ann Intern Med 1993;119:474–81.

177. Ni Chonchubhair A, Valacio R, Kelly J, O’Keefe S. Use of the
abbreviated mental test to detect postoperative delirium in
elderly people. Br J Anaesth 1995;75:481–2.

178. Goldstein MZ. Cognitive change after elective surgery in
nondemented older adults. Am J Geriatr Psychiatry 1993;1:
118 –25.

1836 REVIEW ARTICLE COOK AND ROOKE ANESTH ANALG
PRIORITIES IN PERIOPERATIVE GERIATRICS 2003;96:1823–36


