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During the past decade, sur-
geons have become increas-
ingly aware of the “graying”
of the United States popula-

tion. Those 65 yrs and older represented
12.4% of the United States population at
the 2000 census, or approximately 35
million people (1). Of these, nearly half
were over age 75 yrs. By 2030, one in five
people in the United States will be over
age 65. The most rapidly growing seg-
ment of this population is those over age
85 yrs. Their number is projected to in-
crease six-fold, to nearly 20 million by
2050 (Fig. 1) (2).

Furthermore, the life expectancy of
the aged is longer than many clinicians
would estimate. The mean life expectancy
in the United States at age 65 yrs is 18.9
yrs; at age 75 yrs, it is approximately 11
yrs; and at age 85, it is nearly 7 yrs. It is
most important to note that these are
mean life expectancies. A significant por-
tion of older patients can be expected to
live even longer. For example, at least
10% of persons over age 90 yrs can expect
to live until 99 yrs (3).

This shift in demographics has sub-
stantial implications for the delivery of
critical care. Even though the elderly
constitute roughly one eighth of the pop-

ulation, they consume more than one
fourth of trauma and critical care re-
sources (4). While inpatient discharges
have decreased for all other age groups,
the rate for patients over age 65 has in-
creased 23% during the past three de-
cades. In 1970, 20% of hospital dis-
charges and one third of hospital days
were used by the elderly. By 2000, these
numbers had risen to 40% of discharges
and one half of all hospital days (5).

Potential Critical Care Problems

To provide effective surgical care to
this aging population, surgeons must un-
derstand the impact of aging on the phys-
iologic performance of the individual pa-
tients. Because aging is associated with
declining physiologic reserves and an in-
creased susceptibility to disease, the el-
derly use physiologic “reserves” just to
maintain homeostasis. Therefore, when
reserves are needed to meet the increased
demands of acute illness or surgical
stress but are no longer present, organ
system failure may result. A brief review
of age-related changes in physiologic
function is warranted, because it will help
define these areas of potential problems.

Cardiac. Cardiovascular decline has
been perhaps the most studied of the
effects of aging. There is a progressive
decrease in the number of myocytes and
an increase in collagen content resulting
in an overall decline in ventricular com-
pliance. Autonomic tissue is replaced by
connective tissue and fat, while fibrosis

causes conduction abnormalities through
the intranodal tracts and the His bundle.
These changes contribute to the high in-
cidence of sick sinus syndrome, atrial ar-
rhythmias, and bundle branch blocks.
There is also a progressive stiffening of
the outflow tract, and the great vessels
resulting in increased systolic blood pres-
sure, increased resistance to ventricular
emptying, and compensatory ventricular
hypertrophy.

The functional implications of these
changes are difficult to separate from
age-related changes in body composition,
metabolic rate, and general state of fit-
ness, which also can affect cardiac perfor-
mance. Resting cardiac output and ejec-
tion fraction are maintained despite the
increase in afterload imposed by the stiff-
ening of the outflow tract (6). However,
maximal heart rate, maximal aerobic ca-
pacity, peak exercise cardiac output, and
peak ejection fraction decrease with in-
creasing age (7). The mechanism by
which cardiac output is maintained dur-
ing exercise is also different. In younger
persons, output is maintained by increas-
ing heart rate in response to �-adrenergic
stimulation. With aging there is a relative
“hyposympathetic state” in which the
heart becomes less responsive to this
stimulation, possibly secondary to declin-
ing receptor function. The aging heart,
therefore, maintains cardiac output not
by increasing rate but by increasing ven-
tricular filling (preload) and stroke vol-
ume (8). Because of the dependence on
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preload, even minor hypovolemia can re-
sult in significant compromise in cardiac
function.

Ventricular relaxation, which is more
energy dependent than ventricular con-
traction and therefore more oxygen de-
pendent, is also affected by aging. When
even mild hypoxemia is superimposed on
the declining partial pressure of oxygen
that accompanies aging, prolonged relax-
ation, higher diastolic pressures, pulmo-
nary congestion, and subsequent dia-
stolic dysfunction can result. Because
early diastolic filling is also impaired in
the aged, maintenance of preload be-
comes more reliant on the atrial kick at
the end of diastole. Loss of this atrial
contribution to preload can further im-
pair cardiac function. Diastolic dysfunc-
tion is responsible for up to 50% of the
cases of heart failure in patients over age
80 yrs (9).

Cardiac disease is the most common
comorbid condition in the elderly. While
the functional impact of this disease may
be significant, the presentation is often
nonspecific and atypical. In the Framing-
ham Heart Study, for example, myocar-
dial infarction was unrecognized or silent
in �40% of persons aged 75–84 yrs com-
pared with �20% of those between the
ages of 45 and 54 yrs (10). Although chest
pain is still the most common symptom
of myocardial infarction in all age groups,
older patients frequently present with
other symptoms, such as shortness of
breath, syncope, acute confusion, or
stroke.

Respiratory. Declining respiratory
function is the result of changes of both
the chest wall and the lung. There is a

progressive decrease in chest wall com-
pliance caused by structural changes of
kyphosis and vertebral collapse. Contrac-
tures of the intercostal muscles and cal-
cification of the costal cartilage result in
a decline in rib mobility. Progressive de-
crease in the strength of the respiratory
muscles results in a decline in maximum
inspiratory and expiratory force by as
much as 50%.

In the lung, there is a loss of elasticity,
which leads to increased alveolar compli-
ance with collapse of the small airways
and subsequent uneven alveolar ventila-
tion with air trapping. Uneven alveolar
ventilation leads to ventilation-perfusion
mismatch, which in turn causes a decline
in arterial oxygen tension of approxi-
mately 0.3 or 0.4 mm Hg per year. The
partial pressure of CO2 remains un-
changed despite an increase in dead
space. This may be due, in part, to the
decline in the production of CO2 that ac-
companies the falling basal metabolic
rates.

Dynamic lung volumes and flow rates
are limited by the collapse of small air-
ways during forced expiration. Forced vi-
tal capacity decreases by 14–30 mL/yr
and 1-sec forced expiratory volume de-
creases by 23–32 mL/yr in males (11).
The overall effect of loss of elastic inward
recoil of the lung is balanced somewhat
by the decline in chest wall outward
force. Total lung capacity, therefore, re-
mains unchanged and there is only a mild
increase in resting lung volume or func-
tional residual capacity. Because total
lung capacity remains unchanged the in-
crease in residual volume results in a
decrease in vital capacity.

The control of ventilation is also af-
fected by aging. Ventilatory responses to
hypoxia and hypercapnia fall by 50% and
40%, respectively. The exact mechanism
of this decline has not been well defined
but may be the result of declining che-
moreceptor function either at the periph-
eral or central nervous system level (12).

In addition to these intrinsic changes,
pulmonary function is affected by alter-
ations in the ability of the respiratory
system to protect against environmental
injury and infection. There is a progres-
sive decrease in T-cell function (see be-
low), a decline in mucociliary clearance,
and a decrease in several components of
swallowing function. The loss of cough
reflex secondary to neurologic disorders,
combined with swallowing dysfunction
predispose to aspiration (13). The in-
creased frequency and severity of pneu-
monia in older persons has been attrib-
uted to these factors and to an increased
incidence of oropharyngeal colonization
with Gram-negative organisms. Poor
dentition and oral hygiene play a role in
the flora of the oral cavity. This coloniza-
tion correlates closely with comorbidity
and with the ability of older patients to
perform activities of daily living. This fact
lends support to the idea that functional
capacity is a crucial factor in assessing
the risk of pneumonia in older patients
(see below).

Renal. Between the ages of 25 and 85
yrs, approximately 40% of the nephrons
become sclerotic. The remaining func-
tional units hypertrophy in a compensa-
tory manner. Sclerosis of the glomeruli is
accompanied by atrophy of the afferent
and efferent arterioles and by a decrease
in renal tubular cell number. Renal blood
flow also falls by approximately 50%.

Functionally, there is a decline in glo-
merular filtration rate (GFR) of approxi-
mately 45% by age 80 yrs. This fall in
GFR is reflected in a decline in creatinine
clearance of 0.75 mL/min per year in
healthy older men. Serum creatinine,
however, remains unchanged because
there is a concomitant decrease in lean
body mass and, thus, a decreases in cre-
atinine production. Estimates of creati-
nine clearance in the healthy aged can be
made from the serum creatinine by using
the formula derived by Cockroft and
Gault (14):

�140 � age in yrs� � �weight in kg�

72 � �serum creatinine in mg/dL�

Figure 1. Actual and projected increase in persons over age 65 yrs in the United States. (From Day JC:
Population projections of the United States by age, sex, race and Hispanic origin: 1993–2050, Current
Population Reports: U.S. Department of Commerce Bureau of the Census, P25–1104, 1993.)
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Caution must be exercised when applying
this formula to critically ill patients or
those on medications that directly affect
renal function.

Renal tubular function also declines
with advancing age. The ability to con-
serve sodium and excrete hydrogen ion
falls, resulting in a diminished capacity to
regulate fluid and acid-base balance. De-
hydration becomes a particular problem
because the aging kidney does not com-
pensated for nonrenal losses of sodium
and water by the usual mechanisms of
increased renal sodium retention, in-
creased urinary concentration, and in-
creased thirst. The changes are thought
to be due to a decline in the activity of the
renin-angiotensin system and a decreased
end-organ responsiveness to antidiuretic
hormone. The marked decline in the sub-
jective feeling of thirst is also well docu-
mented but not well understood. Alter-
ations of osmoreceptor function in the
hypothalamus may be responsible for the
failure to recognize thirst, despite signif-
icant elevations in serum osmolality (15).
Volume overload can also occur because
of the decline in GFR and functional im-
pairment of the diluting segment of the
nephron. This is exacerbated by the usual
elevation in antidiuretic hormone seen in
the postoperative period.

Alterations in renal function also have
important implications for the type and
dosage of drugs used in older patients.
Although drugs are handled by the kidney
in several different ways, most changes in
renal drug processing parallel the decline
in GFR. Therefore, creatinine clearance
should be used to determine the appro-
priate clearance of most agents processed
by the kidney, and drug doses should be
adjusted accordingly.

The lower urinary tract also changes
with increasing age. In the bladder, in-
creased collagen content leads to limited
distensibility and impaired emptying.
Overactivity of the detrusor secondary to
neurologic disorders or idiopathic causes
has also been identified. In women, de-
creased circulating levels of estrogen and
decreased tissue responsiveness to this
hormone causes changes in the urethral
sphincter that predispose to urinary in-
continence. In males, prostatic hypertro-
phy impairs bladder emptying. Together,
these factors lead to urinary incontinence
in approximately 10% to 15% of elderly
persons living in the community and
50% of those in nursing homes.

There is also an increased prevalence
of asymptomatic bacteriuria with age,

which varies from 10% to 50%, depend-
ing on gender, level of activity, underly-
ing disorders, and place of residence. Uri-
nary tract infections alone are
responsible for 30% to 50% of all com-
munity-acquired bacteremia in older pa-
tients (16). Because of the lack of symp-
toms in elderly patients with bacteriuria,
preoperative urinalysis becomes increas-
ingly important.

Gastrointestinal. Although gastroin-
testinal complaints are very common in
old age, in general gastrointestinal func-
tion is well preserved with healthy aging.
Gastric acid secretion does not fall as a
result of healthy aging alone, but it is
affected by gastritis commonly caused by
Helicobacter pylori (17). Delayed gastric
emptying has been shown in some stud-
ies (18), but clinical relevance under nor-
mal conditions has been difficult to dem-
onstrate. However, delayed gastric
emptying, whether the result of normal
aging or of disease, can have significant
consequences in the immediate postoper-
ative period. Aspiration secondary to un-
recognized gastric atony is not uncom-
mon.

Although undernutrition and malnutri-
tion are common problems in the elderly,
small-bowel motility and the absorption of
most nutrients is unchanged with age.
Only calcium absorption falls significantly.
This is attributed to decreased renal pro-
duction of 1,25-hydroxycholecalciferol, as
well as to a decrease in the amount and/or
sensitivity of intestinal mucosal calcium-
binding proteins. Malabsorption secondary
to bacterial overgrowth is found in a large
percentage of older persons with malnutri-
tion unexplained by diet factors alone (19).
Intestinal permeability has been shown to
increase with bacterial overgrowth in the
small bowel, but this permeability is not an
age-related phenomenon.

Colonic motility is also not affected by
aging. This seems paradoxic because the
prevalence of constipation is from 9% to
34% in older people compared with 4% in
the young and 19% in the middle aged.
The etiology of constipation in the elderly
is multifactorial; sedentary life style, poor
diet, dehydration, anorectal and colonic
pathology, systemic illness, and medica-
tions may contribute to abnormal bowel
function.

Hepatobiliary. With age, there is a de-
crease in the number of hepatocytes and
the overall weight and size of the liver.
There is, however, a compensatory in-
crease in cell size and proliferation of bile
ducts. Functionally, hepatic blood flow

falls by approximately 1% per year to 40%
of earlier values after age 60 yrs.

The synthetic capacity of the liver, as
measured by the standard test of liver
function, remains unchanged. The me-
tabolism of and sensitivity to certain
kinds of drugs, however, is altered. Drugs
requiring microsomal oxidation (phase I
reactions) before conjugation (phase II
reactions) may be metabolized more
slowly, whereas those requiring only con-
jugation may be cleared at a normal rate.
Drugs that act directly on hepatocytes,
such as warfarin, may produce the de-
sired therapeutic effects at lower doses in
the elderly due to an increased sensitivity
of the cells to these agents (20).

The most important manifestation of
altered hepatobiliary function in old age
is the increased incidence of gallstones
and gallstone-related complications. The
prevalence of gallstones rises steadily
with age, varying somewhat with the pop-
ulation studied. Biliary stones have been
shown in up to 80% of nursing home
residents over age 90 yrs (21). Biliary
tract disease is the single most common
indication for abdominal surgery in the
elderly population.

Body Composition and Energy Use.
With age, there is an increase in body fat
and a decrease in lean muscle mass by up
to 40% at age 80 yrs. Accompanying this
decline in muscle mass is an even greater
decline in muscle strength caused by a
loss of selected muscle fibers. Changes in
growth hormone metabolism have been
implicated in the decline in muscle mass
as have alterations in androgen secretion
(22). Lean body mass, nitrogen retention,
and muscle strength have been increased
in the elderly with growth hormone or
insulin-like growth factor-1 treatment
(23). Changes also occur in the structure
of interstitial tissues, which predispose to
soft tissue injury and may affect the time
course for mobilization of extracellular
water.

Daily energy expenditure decreases
with age. Resting energy expenditure falls
by as much as 15%. This decrease is pri-
marily the result of the decrease in lean
body mass and less physical activity. After
acute illness or injury, resting energy ex-
penditure and oxygen consumption in-
crease to support cardiopulmonary work
and the processes of tissue repair and
host defense. In the elderly, the magni-
tude of this increase is smaller and the
hypermetabolic state is less pronounced.
Figure 2 demonstrates the differences in
oxygen consumption with age in a study
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of mechanically ventilated blunt trauma
victims (24). Maximum oxygen consump-
tion and maximum energy expenditure
also decrease.

In the face of stress from illness, in-
jury, infection, or even elective surgery,
the elderly patient may quickly develop
protein-energy malnutrition (25). This
metabolic response to the release of cy-
tokines and hormones is characterized by
the increased requirements for energy
and protein. The increased catabolism,
however, is not matched by an increased
intake because of anorexia or other limi-
tations to ingestion imposed by the dis-
ease process. When exogenous energy is
not provided, endogenous protein stores
are mobilized and depleted to meet the
metabolic demands. Serum albumin lev-
els fall and hepatic function declines, fur-
ther impairing adequate endogenous pro-
tein synthesis. Decreased muscle mass
results in decrease muscle strength, in-
cluding the respiratory muscles. Dys-
function in those tissues with high cell
turnover (the skin, the hematopoietic
and immune systems, and gastrointesti-
nal organs) leads to breakdown in barrier
function, increased susceptibility to in-
fection, and further impairment in ab-
sorption of essential nutrients. This cycle
of worsening nutrition is compounded by
dehydration, as the thirst drive declines
with advancing age as well.

In the elderly surgical patient with
protein-energy malnutrition, these

changes are further aggravated by the
increased energy requirements for wound
healing. Additional deficits in vitamins,
particularly vitamins A and C, and trace
minerals, such as zinc, can adversely af-
fect enzyme systems necessary for wound
healing. Furthermore, major tissue in-
jury and sepsis is associated with large
fluid shifts and sequestration of extracel-
lular water in the interstitial space. The
mobilization of this fluid has been shown
to be delayed following large volume re-
suscitation in septic elderly compared
with younger patient (26). It is postulated
that this prolonged sequestration is re-
lated to alterations in the structural ele-
ments of the interstitium with age that
are exacerbated when endogenous pro-
tein stores are depleted and protein syn-
thesis is impaired.

Protein-energy malnutrition, together
with immobility, leads to deconditioning.
Deconditioning is characterized by a con-
stellation of problems, which includes
changes in all major organ systems: or-
thostatic hypotension, decreased cardiac
output and maximum oxygen consump-
tion, aspiration, decrease sensitivity to in-
sulin with exaggerated glucose intoler-
ance, malabsorption, constipation,
incontinence, pressure ulcers, bone loss
and contractures, deep venous thrombo-
sis and pulmonary embolism, and deliri-
um/depression.

Central Nervous System. Central ner-
vous system processes regulate cognition

and behavior, sensory function, and ho-
meostatic mechanisms throughout the
body. The age-related physiologic
changes that affect central nervous sys-
tem function are complex and therefore
beyond this discussion. There are how-
ever, several factors worth noting.

Intellectual function peaks at age
20 –30 yrs, plateaus until the mid-
eighties, and then declines. However, the
prevalence of dementia rises steadily, ap-
proximately doubling every 5 yrs from
1.5% in those aged 65–70 yrs to nearly
25% in those over age 85 yrs. Dementia
at baseline is the greatest risk factor for
delirium in the postoperative period.
However, the stress of surgery or acute
illness and hospitalization can cause cog-
nitive decline and delirium in persons
over age 70 yrs even when baseline cog-
nitive function appears normal.

Sensory perception declines steadily
with aging. Visual changes occur in the
eye and the central visual pathways. Vi-
sual acuity and depth perception de-
crease. Anatomic and functional changes
occur in the auditory and vestibular ap-
paratus. There is a decreased sensitivity
to sound and altered frequency discrimi-
nation. Proprioception, balance, and pos-
tural control decline. Tactile sensation,
vibratory sensation, and two-point dis-
crimination likewise decline. Together
these changes result in the older individ-
ual being less able to adapt to changes in
his or her environment. Placed in unfa-
miliar surroundings such as the hospital,
then deprived of visual/hearing aids and
immobilized for even a short time, the
elderly person is more likely to become
confused and depressed and to suffer a
serious fall.

In addition, taste, smell, hunger, and
thirst are also affected by aging both at
the end-organ level and at the hypothal-
amus. There is an increased threshold for
certain tastes like saltiness and a decrease
in the perception and discrimination of
odors. The hypothalamic satiety center
becomes hypersensitive, leading to an-
orexia, and the hypothalamically medi-
ated thirst responses to hyperosmolarity
are reduced.

The hypothalamus also controls the
processes that regulate body tempera-
ture. Decline in hypothalamic function
combined with decreased basal metabolic
rates and changes in the threshold for
peripheral vasoconstriction and shivering
causes an overall decline in the ability to
generate and conserve heat. Changes in
body temperature during surgery are

Figure 2. Oxygen consumption in the first 24 hrs postinjury, as measured by continuous indirect
calorimetry, in mechanically ventilated patients with blunt injury and Injury Severity Scores �15.
Squares with dashed lines, age �30 yrs; diamonds, age 30–40 yrs; triangles, age 50–65 yrs; squares
with dotted lines, age �65 yrs; circles with solid lines, all ages. (Reprinted with permission from
Peerless JR, Epstein CD, Martin JE, et al: Oxygen consumption in the early postinjury period: Use of
continuous, online indirect calorimetry. Crit Care Med 2000; 28:395–401.)
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therefore more pronounced and more
prolonged. Systemic diseases, such as hy-
pothyroidism, diabetes, and malnutri-
tion, further exacerbate perioperative hy-
pothermia. In the postoperative or
postinjury period, febrile responses may
be blunted. Figure 3 demonstrates that a
significantly smaller percentage of older
patients generate a febrile response fol-
lowing injury than do younger patients
(27).

Pain, and the management of postop-
erative pain, is an important issue in the
care of the elderly. Chronic pain is more
prevalent in the elderly than in younger
adults, but the reporting of this pain is
less frequent in older people. The pres-
ence of chronic pain preoperatively leads
to impaired mobility and exacerbates
functional decline in the postoperative
period.

Changes in acute pain perception with
aging are difficult to define. There are
several clinical observations that suggest
pain perception is altered with increasing
age; the incidence of silent myocardial
infarction rises from �20% in patients
age 45–54 yrs to �40% in those aged
75– 84 yrs (see Framingham above);
�35% of elderly patients with duodenal
ulcer disease report no epigastric pain
compared with only 8% of younger pa-
tients (28). Experimental data are con-
flicting, but there does appear to be a
slight increase in pain thresholds with
increasing age (29).

However, the misconception that the
older patient is not feeling pain, more
likely because of lack of reporting or be-
cause of altered mental status, can lead to
undertreatment, which by itself causes a

significant additional stress and can pre-
cipitate acute confusion. Appropriate
pharmacologic management of postoper-
ative pain requires a thorough knowledge
of the changes in the pharmacokinetics
and side effects of the drugs with age. It
also requires careful attention to other
medications that may interact with, or
alter the effects of, the pain drugs.

Immune Function. Immunosenes-
cence, the decline in immune compe-
tence that accompanies aging, is charac-
terized by an increase susceptibility to
infections, an increase in autoantibodies
and monoclonal immunoglobulins, and
an increase in tumorigenesis. Also, as in
other physiologic systems, this decline
may not be apparent in the unchallenged
state. For example, there is no decline in
neutrophil count with age, but the ability
of the bone marrow to increase neutro-
phil production in response to infection
may be impaired (30). Elderly patients
with major infections frequently have
normal white blood cell counts, but the
differential count will show a profound
shift to the left, with a large proportion of
immature forms.

Changes in T-cell populations, prod-
ucts, and response to stimuli best de-
scribe the alterations in immune func-
tion that accompany aging. The number
of memory T cells increases, the number
of reactive T cells decreases, and the pat-
tern of interleukin-2 production changes
(31). Although other factors may be in-
volved, the decline in T-cell responsive-
ness to a variety of antigens is demon-
strated by the high incidence of anergy to
delayed hypersensitivity skin tests seen in
person over age 60 yrs.

Defects have been identified in B-cell
function, although deficits in antibody
production are probably related to altered
T-cell regulation rather than to intrinsic
B-cell changes (31). In vitro, there is an
increased helper T-cell activity for non-
specific antibody production, and there is
a decreased ability of suppressor T cells
from old mice to recognize and suppress
specific antigens from self. This is re-
flected in an increase in the prevalence of
autoantibodies to �10% by age 80 yrs.
The mix of immunoglobulins also chang-
es: immunoglobulin-M levels decrease,
while immunoglobulin-G and -A increase
slightly.

The clinical implications of these
changes are difficult to determine. These
changes, combined with the known im-
munosuppression caused by the stress of
surgery and perioperative malnutrition,

may result in immune compromise in the
postoperative period. Increased suscepti-
bility to many infectious agents is more
likely a result of a combination of physi-
ologic stress and comorbid disease rather
than physiologic decline alone. Immu-
nosenescence alone does not appear to be
responsible for the observation that older
patients are more likely to contract an
infectious illness and less able to eradi-
cate it quickly.

Hematopoietic System. Hematopoie-
sis is extremely sensitive to a large num-
ber of variables. It is therefore difficult in
aged humans to separate the affects of
environment, including disease, from the
affects of aging. In the steady state, it
appears that the number of both ery-
throid and myeloid/macrophage progeni-
tor cells and the number of differentiated
erythroid and myeloid precursors does
not change with healthy aging, nor does
distribution or stores of iron. Peripheral
blood concentrations of red cells, white
cells, platelets, and hemoglobin also re-
main the same (32).

Negative affects of aging are seen,
however, when there is an increase in
hematopoietic demand. In old animals,
the restoration hemoglobin levels in re-
sponse to acute blood loss (phlebotomy)
is slower than in younger animals, and
there is a smaller increase in hemoglobin
in response to decreased atmospheric
pressure. In humans, there is a progres-
sive decrease in hematopoietic reserves,
which results in an increased susceptibil-
ity to anemia in response to physiologic
stress. There is also a paradoxic decrease
in marrow cells in response to infection
and anemia. The reasons for altered red
cell responses to stress are not well de-
fined, but insufficient levels of erythro-
poietin and/or other growth factors or
decreased sensitivity to these factors may
contribute. Inflammatory cytokines have
also been implicated as the mediators of
this declining sensitivity (33).

Neutrophil function also declines with
age. Respiratory burst activity in re-
sponse to stimuli and the level of en-
zymes secreted during degranulation
both decrease. These affects of aging
alone are not clinically apparent, but
when combined, the neutrophil defects
seen in protein energy malnutrition clin-
ically relevant decrements in function
may occur in older postoperative patients
(34).

Figure 3. Febrile response in older compared
with younger patients after a traumatic injury.
(Reprinted with permission from Frankenfiled D,
Cooney RN, Smith JS, et al: Age-related differ-
ences in the metabolic response to injury.
Trauma 48:49–62, 2000.)
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Minimizing Potential Critical
Care Problems

To minimize the likelihood and sever-
ity of postoperative critical care-related
problems, pre-, intra-, and postoperative
planning should be directed at the pre-
dictable problems that can be expected
when an elderly patient is physiologically
and psychologically stressed.

Preoperative Assessment and
Planning

The preoperative evaluation of older
patients should be directed at identifying
physiologic deficits and comorbid condi-
tions that are likely to place the individ-
ual at increased risk for postoperative
complications. Pre- and postoperative
treatment plans can then be designed to
minimized these deficits when possible.
However, a complete detailed analysis of
every organ system in every older patient
before operation is neither practical nor
necessary. Assessment of the manifesta-
tion of these deficits and illnesses on the
overall state of health of the older patient
gives sufficient information to predict
outcome and to plan appropriately in
most cases. This is most effectively done
by evaluating functional, cognitive, and
nutritional status.

Before discussing these evaluations, it
is important to emphasize that one of the
greatest potential critical care problems
in the elderly is the decision about
whether to withhold or withdraw sup-
port. Although this decision is never easy,
having a thorough understanding of the
individual patient’s preferences will allow
the family and practitioners to reach this
decision more appropriately. For some
older persons, the fear of disability or
confinement to a skilled nursing facility
(SNF) may be of greater concern, even
than death. In a study designed to evalu-
ate the willingness of seriously ill hospi-
talized adults to live permanently in a
nursing home, 56% of patient were in
either the “very unwilling” or “rather die”
category (Table 1) (35). Older age was
independently associated with less will-
ingness to live permanently in a nursing
home. This study also evaluated the sur-
rogate’s and physician’s understanding of
the patient’s preference. Of the 121 pa-
tients in the “very willing” to live perma-
nently in a nursing home category, sur-
rogates believed 14% would “rather die.”
Of the 694 patients in the “rather die”
category, surrogates stated that 17%

would be “somewhat” or “very willing” to
live permanently in a nursing home. Sur-
rogates’ and patients’ preference con-
curred in 37% of cases. Of the 103 pa-
tients with physician responses who were
in the “very willing” category, physicians
stated that 40% would “rather die” or
were “very unwilling.” For patients in the
“rather die” category, physicians felt that
13% would be “somewhat” or “very will-
ing.” Physician and patient preference
concurred in 25% of cases. To treat older
persons in a manner consistent with their
own desires, it is especially important to
know their preferences before embarking
on a surgical procedure.

Functional Assessment. Assessment of
functional status, by a variety of methods, is
one of the most useful means for predicting
postoperative outcome. For decades, the
American Society of Anesthesiologist (ASA)
Physical Status Classification has been one
of the most reliable and accurate predictors
of surgical mortality. This simple classifica-
tion ranks patients from class I to V accord-
ing to the functional limitations imposed
by coexisting disease. Curves for mortality
vs. ASA class in older patients are superim-
posable on those of younger patients, thus
demonstrating that coexisting disease
rather than chronological age has the most
profound impact on surgical outcome (36).
Even in patients over age 80 yrs, ASA clas-
sification has been shown to accurately pre-
dict postoperative mortality (37).

Other standard measures of functional
status have also proven to be predictive of
postoperative outcome. The ability to
perform the activities of daily living or
the simple tasks of life (e.g., feeding, con-
tinence, transferring, toileting, dressing,
and bathing) has been correlated with
postoperative mortality and morbidity. In
one study, patients identified as inactive
were shown to have a higher incidence of

all major surgical complications (38). In-
activity was defined as the inability to
leave the home by ones own efforts at
least twice a week.

Even for patients with less obvious
limitations, functional capacity or exer-
cise tolerance is the single most impor-
tant predictor of cardiac and pulmonary
complications following noncardiac sur-
gery. In a study comparing several clini-
cal predictors and exercise, Gerson et al.
(39) demonstrated that the inability to
raise the heart rate to 99 beats/min while
doing 2 mins of supine bicycle exercise
was the most sensitive predictor of post-
operative cardiac and pulmonary compli-
cations and death.

The predictive value of exercise capac-
ity is further demonstrated by a study in
which patients exercised on a supine er-
gometer while connected by mouth piece
to a metabolic cart (40). An anaerobic
threshold, defined as the level of oxygen
consumption above which circulatory
supply could no longer meet metabolic
demand, was identified and correlated
with postoperative outcome. In patients
with anaerobic thresholds of 11 mL/kg/
min or more, the mortality was 0.8%
compared with 18% for those with
thresholds below this level. Even in pa-
tients who experienced ischemia at the
time of exercise testing, anaerobic
threshold levels were highly predictive of
postoperative mortality.

In most elderly persons, exercise test-
ing is not necessary to determine exercise
capacity. The metabolic requirements for
many routine activities have already been
determined and are quantitated as meta-
bolic equivalents. One metabolic equiva-
lents, defined as 3.5 mL/kg/min, repre-
sents the basal oxygen consumption of a
70 kg, 40-yr-old male at rest. The inabil-
ity to function above four metabolic
equivalents has been associated with in-
creased perioperative cardiac events and
long-term risk (41). By asking appropri-
ate questions about the level of activity,
functional capacity can be accurately de-
termined without the need for additional
testing.

Limited preoperative functional ca-
pacity may be associated with chronic
anemia. Anemia in older people, whether
of known etiology (80%) or undefined, is
a strong predictor of both death and dis-
ability in the community and in the hos-
pital (42). The prevalence of anemia rises
steadily after age 65 yrs and more sharply
after age 80 yrs. The World Health Orga-
nization defines anemia as hemoglobin

Table 1. Patient preferences for living perma-
nently in a nursing home

Preference n %

Very willing 237 7
Somewhat willing 634 19
Somewhat unwilling 359 11
Very unwilling 859 26
Rather die 980 30
Don’t know 193 6

Reprinted with permission from: Mattimore
TJ, Wenger NS, Desbiens NA, et al: Surrogate and
physician understanding of patient’s preferences
for living permanently in a nursing home. J Am
Geriatri Soc 1997; 45:818–824.
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�13 in men and �12 in women (33).
Studies of elderly disabled women show
women with hemoglobin levels of 13–14
have the best results on mobility tests
while those with hemoglobin levels �12
have the worst (43). If anemia is discov-
ered on preoperative evaluation, every ef-
fort should be made to define the cause of
the anemia and to correct it if possible.
Treatment with recombinant erythropoi-
etic has been effective in reversing some
forms of anemia in older patients.

If the functional assessment reveals
poor exercise tolerance and a nonsurgical
alternative to therapy is not available, the
family and the patient should be made
aware that further functional decline re-
sulting in placement in a rehabilitation
facility or SNF is possible. Improving ex-
ercise capacity preoperatively is not often
feasible. Many of the conditions that
cause inactivity such as arthritis, vascular
disease, and prior stroke are not amena-
ble to rapid correction, although correct-
ing anemia may improve exercise toler-
ance. However, a plan for aggressive
postoperative physical therapy to mini-
mize further decline should be made.
Early mobilization is essential to limit all
postoperative complications, including
deconditioning and further functional de-
cline.

Nutritional Assessment. The impor-
tance of poor nutrition as a risk factor for
pneumonia, poor wound healing, and
other postoperative complications has
long been appreciated. In addition, im-
paired nutritional status at admission has
been shown to also predict 6-month mor-
tality in older patients requiring ventila-
tory support in the intensive care unit
(ICU) (44). A variety of psychosocial is-
sues, cognitive and functional deficits,
and other comorbid conditions found
commonly in older persons place them at

high risk for nutritional deficits. Malnu-
trition, defined as a decrease in nutrient
reserves, occurs in approximately 9% to
15% of community-dwelling elderly per-
sons, 12% to 50% of older patients in
acute care hospitals, and 25% to 60% of
institutionalized elderly (45).

Risk factors for nutritional deficits in
the elderly are shown in Table 2 (46).
Factors associated with inadequate intake
and use of nutrients include the ability to
get food (e.g., financial constraints, avail-
ability of food, limited mobility, etc.), the
desire to eat food (e.g., living situation,
mental status, chronic illness, etc.), the
ability to eat and absorb food (e.g., poor
dentition, chronic gastrointestinal such
as gastroesophageal reflux disease or di-
arrhea), and medications that interfere
with appetite or nutrient metabolism.

The measurement of nutritional sta-
tus in the elderly, however, can be diffi-
cult. Standard anthropomorphic mea-
sures do not take into account the change
in body composition and structure that
accompanies aging. Immune measures of
nutrition are influenced by age-related
changes in the immune system in gen-
eral. Furthermore, criteria for the inter-
pretation of biochemical markers in this
age group have not been well established.

However, several simple measure-
ments can be useful in predicting out-
come related to nutritional deficits. The
simplest anthropomorphic measure is
body mass index, which is defined as the
weight in kilograms divided by the height
in meters, squared. In general, a body
mass index �20 is considered as an indi-
cator of malnutrition. Body mass index
�22 indicates undernutrition and has
been shown to predict mortality in com-
munity-dwelling elderly (47).

Serum albumin has been implicated
as a strong predictor of outcome. Recent

evidence demonstrates that low serum
albumin (levels �3.3 mg/dL) in elderly
patients correlates with increased length
of stay, increased rates of readmission,
unfavorable disposition, and increased
all-cause mortality (48).

In surgical patients, low albumin has
also been shown to strongly correlate
with postoperative morbidity and mortal-
ity. In a Veterans Affairs National Surgi-
cal Quality Improvement Program, low
preoperative serum albumin was the
most important predictive risk factor
(49). This suggests that low serum albu-
min is an important marker of outcome,
regardless of whether it is related to poor
nutritional status per se or to unidenti-
fied complex chronic illness.

Other more complicated markers of
malnutrition exist but are not necessary
in the routine surgical setting. Subjective
assessment by history and physical exam-
ination, in which risk factors and physical
evidence of malnutrition are assessed,
has been shown to be as effective as ob-
jective measures of nutritional status
(50). The Subjective Global Assessment is
one relatively simple, reproducible tool
for assessing nutritional status from the
history and physical examination (51).
Subjective Global Assessment ratings are
most strongly influenced by loss of sub-
cutaneous tissue, muscle wasting, and
weight loss.

If a nutritional deficit is identified pre-
operatively, some effort should be made
to reverse the deficit before elective sur-
gery. Although there is little actual data
on the benefit of enteral supplementation
before surgery in the elderly, enteral sup-
plements of vitamins and trace minerals
have been shown to improve immuno-
logic responses and to decrease infections
in other clinical settings (52). Limited
data suggest that enteral protein supple-
mentation preoperatively can reduce out-
come in malnourished patients (53), pro-
viding the clinical circumstance is not
compromised by additional delay (54).
Often this is not possible preoperatively.
Preoperative parenteral nutrition has
been shown to decrease the incidence of
nonseptic complications, but only in the
severely malnourished patients (55).

Also, effort should be made to avoid
long periods of nothing by mouth before
surgery. Fasting creates a metabolic en-
vironment that itself is an additional pre-
operative stress. Recent studies suggest
that patients treated with either oral or
intravenous carbohydrate preoperatively
have less dramatic increases in insulin

Table 2. Historical findings associated with an increased risk of nutritional deficiency

Recent weight loss
Restricted dietary intake (limited variety)

Limited variety, food avoidances
Psychosocial situation

Depression, cognitive impairment, isolation, economic difficulties
Problems with eating, chewing, swallowing
Previous surgery
Increased losses due to gastrointestinal disorders such as malabsorption and diarrhea
Systemic disease interfering with appetite or eating (chronic lung, liver, heart, and renal disease,

abdominal angina, cancer)
Excessive alcohol use
Medication that interfere with appetite and/or nutrient metabolism

Reprinted with permission from Rosenberg IH: Nutrition and aging. In: Principles of Geriatric
Medicine and Gerontology. Third Edition. Hazzard WR, Bierman EL, Blass JP, et al (Eds). New York,
McGraw Hill, 1994.
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resistance postoperatively compared with
the fasted patient (56). The importance of
limiting insulin resistant is demonstrated
by marked improvement in mortality and
morbidity seen in surgical ICU patients
placed on insulin protocols to maintain
tight glucose control. In one such study,
both mortality and morbidity were de-
creased by �40% in the tight glucose
group compared with controls (57). This
is particularly important in the elderly
patient because aging itself is associated
with a decline in glucose tolerance.

Cognitive Assessment. The periopera-
tive cognitive assessment tends to be un-
dervalued and underapplied as a predictor
of postoperative outcome. However, cog-
nitive dysfunction as either a presurgical
condition or postoperative complication
can interfere with surgical treatment and
postsurgical recovery. The lack of stan-
dard guidelines for effectively assessing
perioperative cognitive function under-
mines the importance of such observa-
tions to surgical outcome.

Dementia, a preexisting or baseline
cognitive impairment, must be distin-
guished from delirium, an acute confu-
sional state defined as a transient organic
mental syndrome characterized by a
global disorder of attention and cogni-
tion, reduced level of consciousness, ab-
normal levels of psychomotor activity,
and disturbed sleep-wake cycles (58).
Postoperative delirium has significant
impact on all other surgical outcomes.
Mortality, major morbidity, length of
stay, and discharge to long-term care or
rehabilitation facility are significantly in-
creased in patients who develop acute
postoperative confusion (59). Delirium in
the ICU is also associated with higher
mortality and prolonged length of stay
(60).

In surgical patients, postoperative
delirium may be the manifestation of
unrecognized preexisting disease or the
result of intra- or postoperative events.
Risk factors for delirium include age,
preoperative cognitive impairment,
poor functional status, alcohol use, and
the use of multiple medications termed
“polypharmacy.” Among these, baseline
dementia is the major risk factor for
delirium in the postoperative period.
The prevalence of baseline cognitive
deficits is 1.5% in persons aged 65–70
yrs and approximately doubles every 5
yrs thereafter, reaching 25% in those
over age 85 yrs. Therefore some form of
cognitive assessment should be routine
in all preoperative patients over age 70

yrs. There are several methods for eval-
uating baseline cognitive function in
the elderly. Among them, the Folstein
Mini Mental Status test has become
widely accepted for its ease of adminis-
tration and reliability (61). Although
the Mini-Mental State Examination is
extremely informative, it is time con-
suming and may not be practical in the
preoperative clinic. Simple clinical
strategies for assessing mental status
may suffice in screening for baseline
function. Of these, the ability to re-
member and recall three objects after a
short delay is easy to administer and is
most sensitive (62). If three-item recall
is abnormal, a more formal assessment
by the Mini-Mental State Examination
is indicated.

In the postoperative period, pain con-
trol mandates the use of medications that
may alter cognitive function. When used
together with many other medications, as
is often the case with older patients, the
likelihood of precipitating delirium is
high. However, avoiding these medica-
tions results in undertreated pain, which
by itself is a cause of delirium (63). The
ideal method of pain control in the el-
derly has not been determined. Epidural
catheters for postoperative pain control
are particularly effective in reducing
postoperative pain without sedation and
decreasing the rate of pulmonary compli-
cations (64).

Intraoperative factors that may precip-
itate delirium have also been studied. No
association has been found with the route
of anesthesia, epidural vs. general (65), or
the occurrence of intraoperative hemody-
namic complications (66). Intraoperative
blood loss, the need for blood transfusion,
and postoperative hematocrit �30%,
however, are associated with a signifi-
cantly increased risk of postoperative de-
lirium.

Cognitive dysfunction in the postoper-
ative period has been shown to persist for
as long as 3 months after surgery in a
significant percentage of elderly patients
(67). Following cardiac bypass surgery,
early cognitive deficits are common and
persist at 6 months (68). If a cognitive
deficit, or other risk factor for delirium, is
found on preoperative evaluation, effort
should be made to limit the likelihood of
delirium postoperatively (see below).

Intraoperative Management

Intraoperative management is di-
rected toward limiting the surgical stress

and avoiding events that stretch compro-
mised reserves. No specific anesthetic
technique is universally applicable to all
elderly patients, but several interventions
can improve outcome.

�-Adrenergic Blockade. The use of
preoperative �-adrenergic blockade has
been shown to decrease the incidence of
postoperative cardiac complications and
death in patients considered at increased
cardiac risk (69, 70). In fact, published
guidelines on perioperative cardiac risk
management now include the use of
�-blockers (41). In the 1996 study of
atenolol in noncardiac surgery by Man-
gano et al. (70), the criteria used to de-
termine cardiac risk include known car-
diac disease or at least two of the
following: age �65 yrs, hypertension,
current smoker, serum cholesterol �240
mg/dL, or diabetes mellitus. Hospital
mortality was the same in both groups,
but overall mortality was 55% less in the
atenolol group with the principal effect
occurring in the first 6–8 months and
lasting to 2 yrs. Present recommenda-
tions are that �-blockers should be
started preoperatively and continued
through the hospitalization. For patients
with known coronary artery disease who
were not receiving perioperative �-block-
ers and who have no contraindication to
them, perioperative �-blockade should
probably be continued indefinitely (71).

Because the current evidence does not
address all clinical situations, the ques-
tion of whether, or at what age, age alone
can be considered an indication for
�-blockade in the perioperative period is
not yet answered. Some studies show no
advantage in patients with no cardiac risk
factors; however, coronary artery disease
increases with increasing age and is often
not apparent. In patients with excellent
exercise tolerance, age alone is probably
not an indication.

Hypothermia. Surgery can cause hypo-
thermia in all patients because of environ-
mental factors and the anesthetic-induced
inhibition of normal thermoregulatory
mechanisms. Elderly patients are at an
even higher risk because of the changes in
central and peripheral mechanisms of body
temperature regulation that accompany ag-
ing and disease. Studies have shown that
intraoperative hypothermia in elderly pa-
tients with cardiac risk factors is an inde-
pendent predictor of postoperative cardiac
events (72). In a trial comparing usual care
with the active maintenance of normother-
mia, the incidence of all cardiac events was
significantly lower in the normothermic
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group (73). Intraoperative hypothermia can
also affect immune function. It has been
shown that even mild hypothermia (core
temperature decrease by 1°C) can cause
significant alteration to normal immune
responses (74). One study of patients un-
dergoing colorectal surgery demonstrated
an increased infection rate and longer hos-
pital stay in hypothermic patients (75).

Every effort should be made to prevent
heat losses. Preoperative skin warmers
should be used to prevent cooling before
induction. Room temperature should be
high while the patient is undraped. Upper
and lower forced air heating blankets
should be applied. Solutions should be
warmed, and heat and moisture exchang-
ing filters should be placed in the breath-
ing circuits.

Fluids. Maintaining appropriate intra-
vascular volume is essential. Both too
much or too little fluid can impair hemo-
dynamic stability. As a result of the in-
creased afterload caused by stiffening of
the outflow tract, the decreased inotropic
and chronotropic responses caused by de-
creased sensitivity to catecholamines,
and impaired vasoconstrictive responses,
the aging heart depends more on ade-
quate preload.

Dehydration from illness, hospitaliza-
tion, invasive testing, diuretics, and noth-
ing by mouth status, occurs easily in the
elderly and may be underappreciated be-
cause the thirst response is also damped.
Liberalizing oral intake to clear liquids
up to 2–3 hrs preoperatively (56), starting
maintenance intravenous fluids early,
and holding diuretics is helpful. Inade-
quate preload can lead to hypotension on
induction, worsen diastolic function, and
further decrease the already diminished
GFR.

Overhydration in a compromised
heart, however, must also be avoided as it
can lead to systolic failure and poor organ
perfusion by the usual mechanisms. In
addition, physiologic changes in the kid-
ney decrease the ability to excrete a large
volume load.

For these reasons, intraoperative
monitoring of intravascular volume by
central venous catheters to measure cen-
tral venous pressure or pulmonary artery
catheters to measure pulmonary artery
occlusion pressure is even more impor-
tant in older patients, particularly those
in whom large blood losses or large vol-
ume fluid shifts are expected. Because
cardiac output in the elderly is main-
tained by increased stroke volume rather
than increased heart rate, end-diastolic

volumes must be higher. Optimum per-
formance, therefore, occurs at a higher
point on the Starling curve. Central ve-
nous pressure in the 8–10 range and pul-
monary artery occlusion pressure in the
14–18 range or higher may be necessary
to maintain cardiac output.

Preexisting pulmonary disease and
manipulations in the abdomen and chest
may lead to inaccurate central venous
pressure and pulmonary artery occlusion
pressure readings. When pressures seem
adequate, but perfusion seems inade-
quate, direct observation of the filling of
the left ventricle by transesophageal
echocardiography (TEE) has been advo-
cated (76). TEE requires an anesthesiol-
ogist trained in its use, but it has been
widely applied to the cardiac surgery set-
ting and has been generally thought of as
a safe and extremely useful method to
assess cardiac performance. The use of
TEE, however, is not without conse-
quence (see below).

Transpharyngeal Tubes. Subtle naso-
pharyngeal dysfunction is frequently un-
recognized in the elderly but is known to
be a predisposing factor to aspiration
pneumonia. Alterations in deglutition
secondary to stroke and other central
nervous system disease, dementia, medi-
cations, and generalized decline predis-
pose to the aspiration of oral contents
(77). In the postoperative period, nausea
and vomiting from anesthetic medica-
tions combined with the decline in level
of consciousness further increase the risk
of aspiration. Most surgeons are aware
that the incidence of swallowing dysfunc-
tion following endotracheal extubation in
postoperative and critically ill patients
correlates with the length of endotra-
cheal intubation (78). It is less well ap-
preciated that other tubes that traverse
the oropharynx can alter swallowing
function as well. The benefits of TEE for
the management of volume status, for
example, may be partially offset by the
risks of aspiration. In a study of swallow-
ing dysfunction after cardiac surgery,
(79) the two independent predictors by
multivariate logistic regression analysis
were length of endotracheal intubation
and the use of TEE. Swallowing dysfunc-
tion in this study was documented in 4%
of patients, 90% of whom had docu-
mented aspiration. The incidence of
pneumonia, need for tracheostomy,
length of ICU stay, and length of hospital
stay were all significantly increased in the
TEE group. In another study of cardiac
surgery patients (80), the relative risk for

dysphagia in the postoperative period was
7.8 times greater for TEE than for non-
TEE patients.

Similar negative consequences of pha-
ryngeal intubation occur with nasogas-
tric tubes. In a meta-analysis of all pub-
lished trials comparing routine vs.
selective use of nasogastric tubes after
elective laparotomy (81), fever, atelecta-
sis, and pneumonia were significantly
less common in patients managed with-
out a nasogastric tube. There was, how-
ever, significantly more abdominal dis-
tention and vomiting in the group
managed without the nasogastric tubes,
but these episodes did not translate to a
higher incidence of aspiration pneumo-
nia. Caution should be exercised when
reviewing these data because the study
was for elective operation only and re-
sults are not reported as a function of
age. However, there are putative advan-
tages and disadvantages with either
method of management in this age
group. If gastric distention is unrecog-
nized in the sedated elderly patient, vom-
iting and aspiration is a serious risk. If a
nasogastric tube is functioning properly,
gastric decompression will prevent vom-
iting, but aspiration of oral secretions
may still occur. If the nasogastric tube is
functioning improperly, the risk of aspi-
ration is probably higher than without a
nasogastric tube because the normal pro-
tective mechanism of the lower esopha-
geal sphincter is disturbed by the pres-
ence of the tube. The use of any device
that traverses the pharynx and further
disrupts swallowing function should be
considered carefully in older patients,
particularly those with prior stroke.

Deep Vein Thrombosis Prophylaxis. In
the elderly surgical patient, the factors
favoring the development of deep vein
thrombosis and pulmonary embolism
abound, surgery-induced hypercoagula-
bility, stasis from postoperative immobil-
ity and decreased lower limb muscula-
ture, frequent operation for malignancy
or injury, and age-associated coagulation
changes, with hypercoagulable states par-
ticularly involving Factor Xa, decreased
vascular wall fibrinolysis and decreased
antithrombin levels (82).

The 2000 annual report from the Vet-
erans Affairs NSQIP database, showed the
overall incidence of deep vein thrombosis
is 0.3% and pulmonary embolism is 0.1%
in 1999–2000 (83). The incidence of pul-
monary embolism is twice as high in or-
thopedic procedures and five times as
high for patients over age 85 yrs. In cer-
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tain operations, such as total hip replace-
ment, the risk of thromboembolic com-
plications has been reported to be as high
as 20% to 50% (84).

Prophylaxis for deep vein thrombosis
and pulmonary embolism is now a stan-
dard part of perioperative care for a vari-
ety of moderate and high-risk proce-
dures. Regimens include adjusted dose
subcutaneous heparin, low molecular
weight heparin or warfarin, combined
with sequential compression devices. Be-
cause elderly patients are at increased
risk, prophylaxis should be used rou-
tinely, unless there is a specific contrain-
dication.

Postoperative Management. The goals
of management in the ICU are to main-
tain optimum tissue oxygen delivery, to
provide adequate substrate for wound
healing, and to control pain. As a result of
the physiologic changes described above,
the usual management strategies may
need to be adjusted.

Mechanical Ventilation. Data related
to the effect of age on the outcome of
mechanical ventilation in the elderly are
contradictory. Although many retrospec-
tive and a few prospective studies indicate
that age is an independent predictor of
outcome, several other studies indicate
otherwise. In a prospective review of el-
derly patients in medical and coronary
care units, adjusted for severity of illness,
ethnicity, and gender, authors were un-
able to demonstrate a difference in the
duration of mechanical ventilation, ICU
length of stay, hospital length of stay, or
mortality. In addition, they found that
hospital costs for the care were lower in
the older patients (85).

The success of weaning from mechani-
cal ventilation does not seem to be directly
correlated to age per se. However, age-
related changes clearly impact the respira-
tory fitness of a particular patient, which
may contribute to weaning failure (86).
Some of the more well-known physiologic
alterations include a decrease in lung elas-
ticity, reduction in forced vital capacity, de-
creased respiratory muscle function, and
increased resistance of the chest wall. Few
studies have specifically addressed the role
of weaning parameters in the elderly based
on these physiologic considerations or the
role of common alternative practices, such
as the timing of tracheostomy in the aged.
Those that do tend to be of limited power
and cannot suggest broad management
guidelines (87).

Some evidence does exist to suggest
that those older than age 70 yrs are es-

pecially susceptible to long-term ventila-
tor dependence (88). Prolonged mechan-
ical ventilation in itself has a substantial
mortality, measured by some investiga-
tors to be as high as 40% to 60% (89).
Elderly patients with chronic obstructive
pulmonary disease and subsequent respi-
ratory failure have poor outcomes; how-
ever, these outcomes are more a product
of the disease process than the patient’s
age (90).

Hemodynamics. Careful monitoring
of intravenous fluid administration
should continue in the ICU. When large-
volume resuscitation is necessary, as with
sepsis or trauma, subsequent mobiliza-
tion may not be as effective as it is in
younger patients. In one study that
looked at the time course of the mobili-
zation of extracellular water in critically
ill medical and surgical patients, the time
to restoration of baseline volume was
over four times as long in older patients
(Fig. 4) (26).

Underresuscitation must also be
avoided, because the aging heart depends
on adequate preload. Hypovolemia can
worsen diastolic dysfunction, decrease re-
nal and coronary perfusion, and impair
tissue oxygen delivery, leading to myo-
cardial ischemia and wound-healing fail-
ures. Tachycardia is less well tolerated in
the elderly. Loss of atrial component sec-
ondary to atrial fibrillation or shortened left
ventricular filling time from any tachyar-
rhythmia can decrease performance.

The decline in �-adrenergic function
with age results in decreased inotropic,
chronotropic, and vasodilatory responses
to �-agonists. There is a decrease in car-
diac contractile responses to isoprotere-
nol, which is more pronounced in men
than in women (91). Augmentation of
cardiac output and stroke volume in re-
sponse to dobutamine is less in elderly
patients with decompensated congestive
heart failure (92). �-Adrenergic re-
sponses are unchanged (93). Inotropic
support with nonadrenergic agents may
provide better responses. Because of the
stiffening of the outflow tract that con-
sistently accompanies aging, afterload re-
duction is particularly useful in older pa-
tients

Nutrition. Postoperative enteral sup-
plements have been shown to reduce
postoperative complications, to improve
clinical outcomes in elderly hip fracture
patients (94), and to improve nutritional
status, morbidity and quality of life in
malnourished gastrointestinal and vascu-
lar surgical patients aged 18–80 yrs (95),
among others (96). It is important to
start nutritional support early in the un-
dernourished and malnourished elderly.
One study demonstrated that length of
stay and hospital costs are reduced when
nutritional support is started within 48
hrs and is given in sufficient quantity
(�60% of protein and caloric goals) (97).
Postoperative parenteral nutrition has
been associated with increased complica-

Figure 4. Time course of mobilization of extracellular water in older (solid circles) and younger (open
circles) septic patients. *Significant difference from previous measurement. (Reprinted with permis-
sion from Cheng AT, Plank LD, Hill GL: Prolonged overexpansion of extracellular water in elderly
patients with sepsis. Arch Surg 1998; 133:745–751. Copyright © 1998 American Medical Association.)
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tions in adequately nourished patients
(98) and therefore should be used only for
those patients with severe deficits, in
whom the gastrointestinal tract is not
available.

Glycemic control in response to nutri-
tional support may be more difficult in
the elderly because the usual insulin re-
sistance of surgery is exacerbated by the
declining glucose tolerance associated
with aging. In a study looking at age-
related differences in metabolic responses
to injury, hyperglycemia was more pro-
nounced in the elderly than younger pa-
tients, even though the carbohydrate in-
take was similar (Fig. 5) (27). Alternate
calorie sources such as lipids should be
included, and tight glycemic control
should be maintained.

Caloric requirements are also lower in
the elderly as a result of the declining
energy expenditures associated with de-
creased lean muscle mass. Resting energy
expenditure is approximately 15% lower
at age 80 yrs than at age 40 yrs. Protein
requirements may need to be adjusted for
declining renal function, although basal
protein requirements may be slightly
higher rather than lower. Micronutrient
deficiencies are common, so supplemen-
tation should be routine.

Pain. Inadequately treated postopera-
tive pain can have serious deleterious ef-
fects on recovery in older patients. Pain
causes tachycardia, increases myocardial
oxygen consumption, and may lead to
myocardial ischemia. The anticipation
that moving will exacerbate pain leads to
splinting, with its sequelae, poor inspira-
tory effort, atelectasis and pneumonia,
and immobility. Immobility is associated
with all of the sequelae of deconditioning
mentioned above.

Pain assessment should be based on
the patient’s perception of pain, not on
the assumptions of the caregivers. Simple
tools such as a numerical rating for se-
verity of pain or a visual analog scale are
usually adequate to document the pa-
tient’s perceived level of pain. In the cog-
nitively impaired, acutely delirious, or in-
tubated patient, this assessment is much
more difficult. Patients with chronic de-
mentia can often respond to direct ques-
tioning about the presence and intensity
of pain, although concern about inducing
or exacerbating acute confusion with
pain medications may result in inade-
quate treatment of the pain. This under-
treatment itself may be a cause of wors-
ening agitation and confusion. When
coherent verbal communications are not
helpful, other verbal cues such as agita-
tion and nonverbal signs such as facial
expressions and body language can be
used to guide treatment.

Opioids are the ideal agents for treat-
ing the acute postoperative pain because
they have no ceiling to the analgesic ef-
fect (98). However, the side effects of con-
fusion and sedation are rate limiting in
the elderly patient. Of the opioids used
outside of the operating room, morphine
is the most commonly used and most
predictable. The previous enthusiasm for
meperidine is unfounded for the treat-
ment of pain in the elderly. It is associ-
ated with central nervous system excita-
tory effects, particularly in patients with
renal insufficiency, and its metabolites
can cause grand mal seizures.

Parenteral nonsteroidal antiinflamma-
tory drugs are useful alone or as a dose-
sparing adjunct to opioids because of
their excellent analgesic effects without
the sedation associated with opioids (99).
However, the incidence of gastrointesti-
nal bleeding and renal complications in
the elderly has greatly limited their use-
fulness in this population.

The route of administration of the an-
algesic agent is extremely important. For
elderly patients the epidural infusion of
opioids combined with local anesthetic
agents is an excellent intra- and postop-
erative method of pain control, providing
excellent analgesia with less sedation
(100). The local anesthetic agents also
provide sympathetic blockade, which
ameliorates some of the negative se-
quelae of sympathetic activation associ-
ated with general anesthetics. Local an-
esthetics, however, can cause orthostatic
hypotension, urinary retention, and mus-
cle weakness, whereas opioids cause uri-

nary retention and itching. Overall, how-
ever, the improved risk/benefit profile of
the epidural route more than justifies the
additional invasive procedure.

Patient-controlled analgesia (PCA) is
also an important improvement in the
way pain medications are now delivered.
PCA allows for a much more constant
level of analgesia without the peaks and
troughs associated with conventional in-
tramuscular injections. In a randomized
study comparing PCA with conventional
intramuscular injections in elderly men,
PCA gave better pain control with few
complications, less sedation, and better
patient satisfaction. The only caveat for
using the PCA is that the patient must be
able to understand the instructions and
must be encouraged to use the button
before the pain becomes intense to main-
tain the effective level of pain control.

Delirium. In nonsurgical hospitalized
elderly patients, independent precipitat-
ing factors for delirium include alter-
ations in the wake-sleep cycle, malnutri-
tion, the use of physical restraints, the
use of bladder catheters, the need for
more than three medications, and any
iatrogenic event during hospitalization
(101). Specialized programs have been
designed to try to limit delirium and
functional decline in medical patients
(102). Interventions include frequent vis-
its from family members or volunteers to
promote orientation, encourage mobility,
and assist with feeding. Clocks, calendars,
and sensory aids such as glasses and lis-
tening devices are also used to maintain
orientation. Disturbance in the wake-
sleep cycles are avoided by minimizing
ward noise at night, using nonpharmaco-
logic sleeping aids, and creating medica-
tion dosing schedules that do not awaken
patients. Iatrogenic devices such as Foley
catheters and restraints are avoided if at
all possible.

Geriatric consultant services have also
been shown to decrease the frequency
and severity of delirium in postoperative
hip fracture patients (103). No similar
interventions have yet been studied in the
ICU setting, although delirium is com-
mon in the ICU and has serious sequelae
(60).

Transfusion. Recent studies have
shown that attempting to maximize oxy-
gen delivery by applying high (hemoglo-
bin, �10–12 g/dL) transfusion triggers to
all patients may impair rather than im-
prove outcome. Hebert and colleagues
(104) demonstrated that restrictive trans-
fusion (transfusion only for hemoglobin

Figure 5. Glycemic response of older compared
with younger patients following traumatic injury.
Blood glucose is higher in the elderly at the same
carbohydrate intake. (Reprinted with permission
from Frankenfiled D, Cooney RN, Smith JS, et al:
Age-related differences in the metabolic response
to injury. Trauma 2000; 48:49–62.)
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�7 g/dL; maintain hemoglobin 7–9 g/dL)
was associated with lower ICU mortality
compared with those treated with a lib-
eral transfusion strategy (transfusion for
hemoglobin �10 g/dL, maintain hemo-
globin 10–12 g/dL), particularly in pa-
tients aged �55 yrs with less severe ill-
ness. This restrictive policy has now
become normal in many ICUs, even for
older and sicker patients. However, cau-
tion must be used when applying this to
older patients. First, chronic anemia is
common in older patients ranging from
15% to 50% depending on residential set-
ting. Patients with chronic anemias were
excluded in the Hebert trial. Second, sev-
eral pieces of evidence suggest that main-
taining very low thresholds for transfu-
sion may not be appropriate in the
elderly; transfusions for hematocrit �30
at admission in elderly patients with
acute myocardial infarction is associated
with a decrease in 30-day mortality, and
benefit may be seen up to hematocrit of
33% (105). Intraoperative hematocrit
�30% is the only intraoperative factor
that predicts delirium in the postopera-
tive period in older patients (59); data
from patients undergoing radical prosta-
tectomy (106) and vascular surgery (107)
show an increase in myocardial ischemia
when intra- or postoperative hematocrit
was �28%. In addition, anemia in the
elderly, even to hemoglobin of 12 g/dL, is
a strong predictor of functional decline
and poor mobility. Data regarding the
relationship between functional outcome
and postoperative transfusion or hemat-
ocrit in the elderly are minimal. How-
ever, because maintaining and promoting
mobility and function are among the
most important goals in the care of the
elderly, this question needs be addressed
by appropriate prospective clinical trials.

Transfusion thresholds in patients
with coronary artery disease are still be-
ing actively discussed. Although a fol-
low-up analysis by Hebert et al. (108)
supports a restrictive policy, even in pa-
tients with coronary artery disease, there
is still considerable variability in how
transfusion triggers are applied to pa-
tients with ischemic disease. Because
coronary ischemia is frequently silent in
the elderly, in both the pre- and postop-
erative period, care must be taken in
adopting a blanket transfusion trigger in
this age group.

Outcome

In general, age alone does not predict
a poor outcome for critical care in the
elderly (109). Although quality of life in
the physical domains has been shown to
be significantly different from that of the
general elderly population, the same is
true of younger patients. In fact, the el-
derly show less significant differences
than younger patients in several other
domains (pain, sleep, social isolation,
emotional reaction) (110).

However, as mentioned above, many
older patients would rather die than be
committed to a nursing home. In a re-
cent study of patients over age 85 yrs
receiving critical care services, a predic-
tive index was developed that would help
identify those patients who were at risk
for death or SNF placement, rather than
discharge to home (111). Factors contrib-
uting to the index were type of ICU (Table
3), age, gender, heart rate, independent
activities of daily living, dependent in ac-
tivities of daily living, number of ICU
interventions, and the number of organ
system failures. Formulas were then de-
rived to determine the probability of

death, SNF placement, or discharge to
home. The model was found to be valid in
the home institution.

Although models of this sort cannot
predict the outcome in an individual pa-
tient, they are helpful in providing pa-
tients and families with data they can use
to decide whether they are willing to un-
dergo the interventions. They are also
useful in helping the physician and the
family establish realistic expectations for
the outcome of the critical care experi-
ence (112).
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