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Mechanisms and management of stroke
in the elderly
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Objective: To highlight the mechanisms, common causes and management of stroke in
the elderly.
Data sources: MEDLINE was searched for articles published from 1967 to 1990. The
following key words were used: "stroke," "cerebrovascular disease," "elderly," "aging,"
"hypertension," "drug interactions," "etiology," "evaluation," "management" and
"recovery of function." Original articles with large series of patients were reviewed in
detail.
Study selection: Of about 750 original articles reviewed 116 were finally selected for
detailed analysis. Those that dealt with cause, pathophysiologic features and manage-
ment of stroke with emphasis on the elderly were chosen.
Data synthesis: With increasing age the incidence of stroke increases, cardiovascular
reserve decreases, catecholamine responsiveness diminishes and cardiac arrhythmias
become more common. Blood pressure, especially systolic, rises, and the benefits of its
treatment become both more difficult to assess and less certain. In the elderly
population embolic stroke, particularly that due to nonvalvular atrial fibrillation, is seen
with increasing frequency. Because of postural hypotension, cardiac arrhythmias and
overmedication, watershed infarction occurs more frequently with increasing age.
Amyloid angiopathy now represents the most common cause of spontaneous intracere-
bral hemorrhage.
Conclusions: Because of the altered drug metabolism and pharmacodynamics in the
elderly the therapeutic armamentarium is growing, and so are the risks of such
treatments. Stroke in the elderly poses unique problems that deserve distinctive
solutions. Further research is needed to study the effect of cerebral ischemia to
understand better how the older brain handles the stress of the ischemic insult.

Objectif: Souligner les mecanismes, les causes habituelles et le traitement de l'accident
cerebrovasculaire chez les personnes agees.
Sources de donnees: MEDLINE a fait l'objet d'une recherche sur des articles publies de
1967 a 1990 au moyen des mots cles suivants: <accident cerebrovasculaire>>, <<affection
vasculaire cdrdbraleo, opersonnes Ag6es>>, <<vieillissemento, <hypertension>>, <<interac-
tions mddicamenteuses>>, <<6tiologie>>, <<evaluationo, <<traitemento et <<retablissement de
fonctiono. Les articles originaux sur d'importantes series de malades ont ete examines
en detail.
Solection d'etudes: Sur environ 750 articles originaux examines, en definitive, on en a
choisi 1 16 pour une analyse detaillee. Ceux qui ont ete choisis traitaient de la cause, des
aspects physiopathologiques et du traitement de l'accident cerebrovasculaire, en
particulier chez les personnes Agees.
Synthese de donnees: En fonction du vieillissement, on observe une augmentation de
l'incidence de l'accident cerebrovasculaire, une diminution de la reserve cardiovasculai-
re, une baisse de la reactivite aux catecholamines et une plus grande frequence des
arythmies cardiaques. La tension arterielle augmente, en particulier la tension systoli-
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que, et les avantages du traitement deviennent plus difficiles a evaluer et moins certains.
Chez les personnes agees, on observe une frequence accrue de l'embolie, en particulier
celle qui est causee par une fibrillation auriculaire non ventriculaire. En raison de
l'hypotension posturale, des arythmies cardiaques et de la surconsommation de
medicaments, l'infarctus critique survient plus frequemment en fonction du vieillisse-
ment. L'angiopathie amyloide represente maintenant la cause la plus frequente
d'hemorragie intracerebrale spontanee.
Conclusions: En raison de l'alteration du metabolisme et de la pharmacodynamique des
medicaments chez les personnes agees, l'arsenal therapeutique est en train d'augmenter,
et il en va de meme des risques de tels traitements. L'accident cerebrovasculaire chez la
personne agee pose des problemes particuliers qui meritent des solutions distinctes. I1
faut poursuivre la recherche sur l'etude de l'effet de l'ischemie cerebrale pour mieux
comprendre comment le cerveau des personnes agees reagit au stress de l'acces
ischemique.

Stroke and coronary artery disease account for
over half the deaths in North America.' Age is
the most important risk factor. The incidence

of stroke is 30 per 100 000 population before 44
years of age and more than 1230 per 100 000 after
75 years.2 With increasing age the vascular response
to stress and injury changes, multiple organ dysfunc-
tion becomes a problem, and consumption of mul-
tiple medications is common. Combined, these prob-
lems magnify the insult from stroke, increase the
number of complications and may delay recovery.
Therefore, management of stroke in the elderly poses
special problems that need careful attention.

In this review we describe the pathophysiologic
features of the cardiovascular changes associated
with aging, highlight the effect of the metabolic
change and increased propensity for drug interac-
tions on management, identify certain types of
stroke that occur with increased frequency in the
elderly and outline an approach to evaluate and
manage acute stroke in this population. A detailed
description of the pathophysiologic changes is neces-
sary because cardioembolism and watershed infarc-
tion are significantly more common in the elderly
than in younger groups and are a result of cardiovas-
cular dysfunction. As well, cardiac disease is the
most common cause of death in patients with
cerebrovascular disease.3 Similarly, altered metabo-
lism and drug interactions may be directly responsi-
ble for major problems with patient evaluation,
management and recovery of function after acute
stroke.

We searched MEDLINE for relevant articles
published from 1967 to 1990 using the key words
"stroke," "cerebrovascular disease," "elderly,"
"aging," "hypertension," "drug interactions," "etiol-
ogy," "evaluation," "management" and "recovery of
function." We read the abstracts of over 750 articles
and selected about 250 papers for detailed review.
These dealt with aging, drug interactions in the
elderly, and stroke evaluation and management with
some degree of emphasis on elderly patients. Finally,
we reviewed several major monographs that dealt

with cerebrovascular disease. For the final selection
of the 116 articles cited in this review we restricted
ourselves to papers that either were directly relevant
to elderly stroke patients or had important bearing
on stroke in general.

Pathophysiologic changes

Cardiovascular changes

Cardiac muscle: In disease-free older people
aging has no or little effect on cardiac function.4 In
the West, however, over 50% of people over 50 years
of age who have died have shown evidence of
ischemic vascular disease.5 The presence of athero-
sclerosis in one region of the vasculature is associat-
ed with an increased prevalence of similar changes in
other organs. Also, most patients with stroke have
some degree of coronary atherosclerosis.5

In the absence of coronary artery disease the
cardiac muscle in the aging heart maintains its
ability to develop tension, but cardiac responses to
d-stimulation decrease strikingly with age. This de-
creased responsiveness is manifested by a reduced
inotropic response, arterial vasodilating response
and heart rate.4,6

In experimental models with animals the rate of
rise and the maximum contraction achieved by
cardiac muscles under isometric conditions remains
unchanged with aging.4 However, contraction and
relaxation of isolated cardiac muscle are consistently
prolonged in senescent animals.7 Noninvasive
studies involving humans have shown a similar
prolongation of the duration of contraction and a
delayed relaxation phase.8'9 Although these changes
are not of sufficient magnitude to affect the resting
cardiac muscles, it is believed that with added
ischemic heart disease the delayed relaxation may
compromise the subendocardial blood flow. Similar
changes could also occur with increased sympatho-
mimetic stimulation during an acute cerebral infarc-
tion.'0 The prolonged relaxation may also be respon-
sible for symptoms of arrhythmia (i.e., syncope) at a
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lower heart rate. The arrhythmia or syncope can
result in cerebral hypoperfusion and may be respon-
sible for the watershed infarction seen with increas-
ing frequency in the elderly.

Arrhythmia: There is a progressive loss of con-
duction tissue cells and pacemaker function with
aging."I This predisposes to sinus node dysfunction
and abnormal conduction in the atrioventricular
node and bundle-branch fibres. In addition, the
frequency of supraventricular arrhythmia has been
found to be increased among elderly people.'2 These
changes may be present without associated ischemic
heart disease.

The detection of cardiac arrhythmia has im-
proved with the increased availability of 24-hour
Holter monitoring.'3 A few studies have addressed
the effect of age on the frequency of cardiac arrhyth-
mia, but little evidence supports the view of this
association in the absence of cardiac disease. '3How-
ever, the frequency of cardiac arrhythmia is in-
creased among elderly patients with symptomatic
ischemic heart disease (which often coexists with
cerebrovascular disease).'4 Cardiac arrhythmia, espe-
cially atrial fibrillation, is a common cause of cardio-
embolic stroke.'5-'9 Also, elderly stroke patients with
atrial fibrillation have been found to have a poor
prognosis.20

Valvular heart dysfunction: The occurrence of
primary degenerative changes in the aortic valve
increases with age, and in the elderly such changes
lead to calcific aortic stenosis. This sometimes leads
to significant compromise within a short time.2' The
presence of left ventricular hypertrophy differenti-
ates calcific aortic stenosis from benign aortic sclero-
sis, both of which cause a systolic ejection murmur.
If aortic stenosis is suspected a Doppler flow study
should be performed to determine the extent of
stenosis and the flow gradient. Patients with aortic
stenosis are at risk of bacterial endocarditis.

The incidence of mitral valve disease is now less
common among elderly people and usually results
from ischemic heart disease or myxomatous degener-
ation. Patients with mitral valve disease are often
asymptomatic unless the condition develops sudden-
ly after myocardial infarction. The impact of these
valvular changes on cardioembolic stroke is not fully
understood but may contribute to its rising incidence
with age.

Hypertension

Like cardiac tissue peripheral vasculature be-
comes increasingly stiff with age and less responsive
to fl-stimulation.22 The resultant increase in blood
pressure, especially systolic, has been found to peak
among patients 75 to 84 years of age.22-24 In the
Framingham study 57% of the men and 65% of the

women with hypertension who were 66 to 89 years
of age had isolated systolic hypertension (systolic
pressure greater than 160 mm Hg and diastolic
pressure less than 90 to 95 mm Hg).22'24 Isolated
systolic hypertension has recently become recognized
as an important risk factor for both cardiovascular
and cerebrovascular disease.24-26

Control of hypertension has been an important
factor in the decreased incidence of various vascular
diseases in the last four to five decades.27-29 The
treatment of hypertension in elderly patients reduces
the incidence of death from cardiac and cerebrovas-
cular diseases.29 However, there is no consensus on
which agents are most appropriate for use in the
elderly or on the level of reduction of the blood
pressure required.

Overzealous or inappropriate treatment of hy-
pertension often leads to serious complications,30-34
and the protective effects of hypertension therapy
may not be as obvious in the elderly. Elderly people
may be more prone than younger patients to the side
effects, including hypotension. In a study by Carter3'
97 patients with hypertension and ischemic stroke
were randomly assigned to receive antihypertensive
therapy or placebo and were followed up for 5 years;
among those over 65 years of age there seemed to be
no benefit in the treatment group. Meissner, Whis-
nant and Garraway3s conducted a community-based
study involving 1680 patients with stroke (mean age
72 years), of whom 368 suffered a second stroke
during follow-up. The rate of recurrence was unaf-
fected by the presence of hypertension before the
stroke or the subsequent management of the hyper-
tension. Finally, in another study 200 stroke survi-
vors over the age of 60 years were randomly assigned
to receive therapy with either reserpine and triam-
terene-hydrochlorothiazide or else placebo and were
followed up for 3 years.36 The reduction in the
incidence of stroke did not differ significantly be-
tween the two groups.

Stroke as a complication of aggressive treatment
of hypertension has been reported and appears to be
an important problem among elderly patients admit-
ted with acute stroke. Jansen and associates,34
through a questionnaire sent to medical directors of
nursing units, identified 30 patients who had a
completed stroke within days after their hyperten-
sion medications had been changed. In a subsequent-
ly published prospective study involving 100 pa-
tients with stroke or transient ischemic attack they
paid particular attention to recent changes (within
the previous 3 weeks) in the hypertension medica-
tions.30 They found that such changes had been
made in seven cases and felt that they directly
contributed to the stroke in at least four of them. In
two other studies, one an uncontrolled trial by
Jackson and collaborators32 involving seven patients
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and the other a study by Graham33 involving two
patients, stroke developed within 1 week after the
start of antihypertensive therapy.

Rapid reduction of blood pressure in the elderly
therefore appears to be dangerous, perhaps in part
because of the vascular changes associated with
aging. In people under 66 years of age a reduction of
25% in the mean arterial pressure is required to
reach the lower limit of cerebral blood flow auto-
regulation, and a further reduction to 55% would
result in symptoms of cerebral hypoperfusion.37 In
elderly patients symptomatic hypoperfusion can de-
velop with a reduction of only 25%.38,39 This suggests
that cerebral ischemic damage is more likely to
develop in elderly people with the same degree of
reduction of blood pressure.

Although evidence is scant the blood pressure
should probably be reduced gradually several days
after the stroke. In many cases as the stress and
sympathetic activity settle down the blood pressure
may decrease without any intervention. Acute cere-
bral ischemic events are frequently associated with
blood pressure elevations that tend to settle with
time. In a study involving 334 consecutive stroke
patients 84% had hypertension (supine blood pres-
sure greater than 150/90 mm Hg) in the initial 24
hours after admission.40 Only half had a history of
hypertension. Within 1 week after admission the
blood pressure returned to normal without interven-
tion in two-thirds of the patients.

Pseudohypertension results from poor contrac-
tion of stiff atherosclerotic blood vessels and is
frequently seen in the elderly. It should be consid-
ered when the blood pressure differs significantly
between the two arms, there is no evidence of
end-organ damage despite a long history of "poorly
controlled" hypertension, multiple drugs are ineffec-
tive in controlling the blood pressure, and orthostat-
ic problems complicate treatment.4' It is important
to recognize pseudohypertension, because inappro-
priate treatment may result in dangerous reduction
of the cerebral perfusion pressure.

Carotid sinus hypersensitivity

Massage or compression of the carotid sinus in
healthy people is frequently associated with slowing
of the heart rate and a mild decrease in blood
pressure. In some people, especially the elderly, there
is marked slowing of the heart rate and severe
hypotension; this condition, known as carotid sinus
hypersensitivity, can lead to syncope. Diffuse athero-
sclerosis or other cardiac disease is also common in
such patients.42 The combination of acute slowing of
the heart rate and hypotension after stroke can
exacerbate the neurologic deficit. Severe cases that
do not respond to preventive measures may require

medical therapy (with sympathomimetic agents) or
pacemaker implantation. Before such aggressive
measures are taken a cardiologist should evaluate the
condition, because not all types of carotid sinus
syndromes respond to pacemakers.42 43

Baroreceptor function

One of the main afferent pathways for control of
circulatory dynamics originates in mechanoreceptors
in the aortic arch and the carotid sinus. As the
arterial pressure increases there is increased activa-
tion of the nerve fibres arising from these receptors;
this results in a decrease in the muscle tone of the
blood vessels and in the heart rate. The reverse
occurs if the blood pressure suddenly decreases.
With aging there is a progressive loss in function of
the mechanoreceptors, especially in the aortic arch.44
A similar decrease in sensitivity also occurs in
patients with hypertension.45

The mechanism for the lowered sensitivity is
not well understood. Some evidence suggests that the
decrease may be due to reduced distensibility of the
aortic vessel wall at the site of the baroreceptor.
There has been autopsy evidence of such decreased
distensibility of the carotid sinus.46 Physicians
should realize the clinical importance of the de-
creased baroreceptor sensitivity when they consider
lowering the blood pressure in elderly patients with
acute stroke.

Cerebral autoregulation

There is a gradual decrease in the cerebral blood
flow with increasing age. Davis and colleagues,47 in a
study of cerebral blood flow and carbon dioxide
reactivity involving 55 volunteers aged 18 to 88
years, found a definite decrease in the blood flow in
the cerebral grey matter with increasing age. Shaw
and coworkers48 suggested that this age-related de-
crease occurs more rapidly in people with risk
factors for stroke than in others. They found the
blood flow to be significantly decreased in people
with cerebrovascular risk factors.

Two mechanisms have been proposed to explain
this age-related decrease in blood flow: (a) a progres-
sive loss of neurons and (b) a loss of hemodynamic
reserve. Further decrease in cerebral blood flow in
patients with cerebrovascular disease may mean an
added loss of neurons. In addition, positron-emis-
sion tomography has shown that a small lesion in the
cortex (related to cerebral ischemia) can severely
decrease the blood flow.49

Failure of cerebral autoregulation can result in
symptomatic cerebrovascular ischemic disease. In a
study involving 11 elderly patients with postural
hypotension Wollner and associates50 found 7 with
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relatively minor hypotension who had symptoms of
cerebral ischemia. All seven had altered cerebral
autoregulation. In the other four patients the cere-
bral autoregulation was intact. Patients with acute
stroke have been found to have altered cerebral
blood flow:5' the cerebral blood vessels are maximal-
ly dilated, and any decrease in blood pressure may
then result in serious compromise.52 This should be
kept in mind when hypertensive patients with acute
stroke are given medication to lower their blood
pressure.

Altered metabolism and drug interactions

Drug pharmacokinetics

Most of the information on the efficacy and
adverse effects of medications comes from experi-
ments involving young volunteers.53 The assumption
that the drug will have similar effects in the elderly
can be potentially dangerous. Because gastric acidity,
gastric emptying, the intestinal absorptive surface,
liver size and blood flow are affected by aging,
absorption and elimination of commonly used medi-
cations can be particularly unpredictable in the
elderly.53 In addition, drug distribution can be simi-
larly affected, for a variety of reasons, including
decreased total body size and lean body mass,
increased body fat stores and declining renal func-
tion.53

With the decrease in the plasma albumin level
drugs such as warfarin that are strongly bound to
plasma proteins can become increasingly "free and
unbound" and cause "overanticoagulation" and po-
tentially serious bleeding. The anticoagulant effect of
warfarin has been found to be higher in the elderly
than in other age groups.54 Elderly patients with
cardioembolic stroke often receive warfarin and
therefore need careful monitoring.

Other commonly prescribed drugs whose metab-
olism may be significantly altered with aging include
certain antihypertensives (e.g., guanethidine), cardi-
ac glycosides, benzodiazepines, hypnotics (barbitu-
rates), major tranquillizers and tricyclic antidepres-
sants.53,55 Many such medications, including diaze-
pam,56 haloperidol57'58 and phenytoin,59 have been
shown to slow recovery of function after experimen-
tal brain injury. Early clinical data suggest that
similar effects may be seen after acute stroke.60

Altered pharmacodynamics

Pharmacodynamics involves the measurement
of the duration and intensity of a drug's effects at a
particular concentration.38 Several age-related
changes have been noted in homeostatic mecha-
nisms, including derangement in postural control,6'

thermoregulation,62 visceral muscle function and or-
thostatic circulatory responses.63 64 These changes are
believed to lead to a gradual reduction in homeostat-
ic reserve - in other words a diminished ability to
adapt to changing environmental stresses.38 In terms
of pharmacodynamics this means that there is a
general decrease in handling the effects of drugs at
their target organs.

There is an increase in the corrective responses
to standing up as a person grows older. The mecha-
nisms are not well understood but may be related to
striatal dysfunction with a reduction in D2 receptors
in the basal ganglion. This results in an increased
risk of postural instability and falls with the use of
sedatives. Epidemiologic data have shown an associ-
ation between the use of sedatives and an increased
incidence of falls in the elderly.38

Orthostatic circulatory responses are important
in maintaining normal blood pressure when a person
rises to an upright position. With increasing age such
reflexes slow, the result being a postural fall in blood
pressure of over 20 mm Hg in 17% of elderly people
and over 40 mm Hg in 5%.6364 These effects become
particularly important in those taking drugs to con-
trol hypertension.45 Other medications such as
phenothiazines, tricyclic antidepressants, antihista-
mines and barbiturates that are commonly used in
patients with acute stroke can similarly affect ortho-
static postural responses.38

Elderly people have an increased sensitivity to
benzodiazepines. Several studies have shown
changes in cognitive function with commonly used
compounds such as lorazepam,65 diazepam,66 ni-
trazepam67 and temazepam38 in elderly patients,
even though there appeared to be no differences
between the young and elderly patients in the serum
levels of the drugs. The mechanism for this age-relat-
ed difference is not well understood; however, a
decrease in central y-aminobutyric acid receptors, a
redistribution in the regional concentration of ben-
zodiazepines in the brain and an alteration in
postreceptor function have all been considered.38

Angiotensin-converting-enzyme inhibitors are
now becoming the drug of choice in the management
of hypertension and are frequently prescribed for the
elderly.38 The fall in blood pressure associated with
enalapril has been found to be greater in elderly
patients than in younger volunteers.68 The lower rate
of elimination of enalaprilat (an active metabolite of
enalapril) in the elderly accounts for the greater
activity of a given dose.68

Adverse drug reactions

About 10% of all admissions to geriatric units
are because of drug reactions.69 However, this may
be the tip of the iceberg, as physicians tend to
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underreport such complications.70 The incidence of
drug reactions increases with age, and nearly identi-
cal trends have been reported in the United States,7'
Germany,72 Israel,72 Northern Ireland73 and Scandi-
navia.74 Physicians must beware of such problems
developing in acutely ill elderly patients with cere-
brovascular disease.

Risk factors of adverse reactions include female
sex, polypharmacy, previous reactions and progres-
sive decrease in cognitive function with increasing
dosage.75

Stroke types

Stroke with atrialfibrillation

The frequency of nonvalvular atrial fibrillation
increases with age. In Denmark its prevalence was
found to be 4% among people over the age of 60
years.76 In the Framingham study its prevalence
increased from 0.2 per 1000 among people 30 to 39
years to 19 per 1000 among those 74 to 84.14 The
incidence of stroke among those with nonvalvular
atrial fibrillation was 6.7% among those 50 to 57
years and 36.2% among those 80 to 89.'4 In most
cases the mechanism is cardioembolism, and the risk
appears to be highest among patients with a large left
atrium and paroxysmal atrial fibrillation.'6 Although
the diagnosis is easy in most cases, patients with
paroxysmal atrial fibrillation may require Holter
monitoring for 24 hours or longer.

Until recently most elderly patients with nonval-
vular atrial fibrillation and no neurologic complica-
tions were simply observed and not given anticoagu-
lants. In two recent reports'5,77 the risk of embolism
seemed to outweigh the risk of complications from
anticoagulant therapy. Petersen and collaborators'5
reported that therapy with acetylsalicylic acid (ASA),
75 mg/d, apparently failed to reduce the risk, where-
as therapy with warfarin resulted in a significant
reduction. In the second study77 the incidence of
cardioembolic stroke was significantly lower in the
group given 300 mg of ASA daily than in the group
given a placebo. The same group is currently com-
paring the effectiveness and safety of ASA and
warfarin. Until the results of the clinical trial are
available we suggest that most patients with isolated
atrial fibrillation be given warfarin and their pro-
thrombin time monitored closely. ASA should be
used in patients with relative contraindications to
warfarin. Careful follow-up is necessary to avoid
complications.

Stroke with other types ofheart disease

Cardioembolic stroke accounts for 15% to 25%
of ischemic stroke. The incidence of cardioembolic

stroke increases with age. Data from the Stroke Unit,
Toronto, showed that the incidence of ischemic
heart disease and congestive heart failure was signifi-
cantly increased among patients with ischemic stroke
over 65 years of age (V.C.H.: unpublished data). In
addition, stroke patients were found to have a
significant increase in potential cardiac sources of
stroke with increasing age.78 80 Early recognition of a
cardiac source is important, because anticoagulant
therapy may prevent recurrences.8' 82

Hypotension and watershed infarction

Watershed infarction occurs between two main
arterial territories. Although bilateral infarction fre-
quently develops after severe hypotension, unilateral
watershed infarction can occur in patients with
severe ipsilateral carotid disease and hypoperfusion.
Such infarction is common in patients with cardiac
dysfunction or postural hypotension. Bogousslavsky
and Regli83 found that 75% of 51 patients with
unilateral watershed infarction had severe cardiac
disease, hypotension or an increased hematocrit in
addition to significant ipsilateral carotid stenosis.
Correct diagnosis and management of the underlying
cardiac disease or hypotension can sometimes pre-
vent recurrences.

Amyloid and stroke or cerebral hemorrhage

Cerebral amyloid angiopathy is unrelated to
systemic amyloidosis, and its incidence rises with
age. It may be seen in over 90% of patients with
advanced Alzheimer's disease.84 Patients with cere-
bral amyloid angiopathy may remain asymptomatic
or present with cerebral hemorrhage. The condition
may account for 4% to 10% of cases of cerebral
hemorrhage and is the most common cause of
spontaneous hemorrhage in people over the age of
65 years.85 The hemorrhage tends to recur and be
lobar in distribution, at the junction of the grey
and white matter, and is commonly located in the
parietal or occipital lobes. Some patients with cere-
bral amyloidosis may also present with a small
infarction. Treatment is currently symptomatic, and
recurrences cannot be prevented.84

Cancer-related stroke

According to autopsy findings in one study,
cerebrovascular disease was found in up to 30% of
patients with systemic cancer;86 after cerebral metas-
tases it accounts for most neurologic findings. In
another study the commonest mechanism was non-
bacterial thrombotic endocarditis (in 18.5% of 500
patients at autopsy), the next commonest being
intravascular coagulation (in 9.6%).87 In cancer pa-
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tients with cerebrovascular manifestations the clini-
cal presentation is more often one of diffuse enceph-
alopathy and can therefore be easily missed.87 Also,
such patients have an increased risk for subdural
hematomas.88 Since the incidence of cancer increases
with age, cancer-related stroke should be suspected
in cancer patients when progressive encephalopathy
develops, especially with associated focal signs.

Management of elderly stroke patients

Evaluation89

Since cerebrovascular disease is a systemic prob-
lem a complete history and physical examination,
especially of the neurologic and cardiac systems, is
essential in all age groups. It is important to obtain
details of currently used medications from elderly
patients; information from other family members or
even referring physicians is often needed, because
the patients may be unable to give details. The blood
pressure should be checked with the patient lying
and sitting to detect any postural hypotension. Be-
cause of altered cerebral autoregulation in the elder-
ly, such fluctuations in blood pressure could predis-
pose to cerebral damage. Elderly people often have
compromised cognitive function, and an acute stroke
may lead to further deterioration. Patients who
become severely confused in the "new environment"
of the hospital may require urgent medical attention.
The cardiac rhythm must be carefully assessed, and
because of an increased incidence of multiple-organ
dysfunction with increasing age careful attention
should be paid to such organs as the lungs, the
intestines, the kidneys and the endocrine organs.
Since neoplasia is associated with a hypercoagulable
state and secondary ischemic or hemorrhagic stroke,
the examination should include the search for any
evidence of systemic cancer.

An increase in the serum cholesterol and lipo-
protein levels has been linked with an increased risk
of cardiovascular disease.90-92 Fasting blood levels of
cholesterol, low-density-lipoprotein cholesterol and
high-density-lipoprotein cholesterol are therefore
routinely measured in patients with ischemic heart
disease. Since no relation between abnormal serum
lipoprotein levels and stroke has been found93-95 we
believe that routine checking of those levels is of
limited value in elderly stroke patients.

Investigation89

In large stroke units the diagnosis "acute stroke"
may be incorrect in up to 13% of cases.96 Conditions
frequently confused with acute ischemic infarction
include seizure with Todd's paralysis, brain tumour
and subdural hematoma. During the initial 48 hours

after presentation tests are done to establish the
exact diagnosis and to define a possible cause. In all
cases routine investigation (regardless of age) should
include a complete blood count, measurement of
serum electrolyte levels, kidney and liver function
tests, measurement of blood glucose levels (random
and fasting), urinalysis, electrocardiography with a
rhythm strip and chest radiography.

In selected cases of pulmonary disease, blood
gas values should be determined. The incidence of
cardiac disease may be significantly higher among
elderly patients than among those less than 65 years
of age;78-80 arrhythmias and congestive heart failure
are the cardiac diseases that cause the most deaths
among elderly patients.97 Echocardiography and
Holter monitoring should be performed in most
cases, especially those with a history suggesting
cardiac disease. The use of transesophageal echocar-
diography may increase the detection of cardiac
abnormalities.78-80,98

Neurologic investigation should include com-
puted tomography (CT) of the head within the first
24 hours after presentation (to rule out intracerebral
hemorrhage or subdural hematoma). If available,
magnetic resonance imaging (MRI) may be prefera-
ble because it is more sensitive than CT scanning in
detecting an early ischemic infarction.99-'0' MRI may
sometimes reveal findings suggestive of embolic
stroke and therefore help in management. 101"102
Noninvasive carotid Doppler studies should be done
in most cases. In the presence of moderate to severe
carotid stenosis or a suspected unusual cause (e.g.,
vasculitis) cerebral arterial angiography may be per-
formed in otherwise healthy patients less than 80
years of age.

Recent data from the North America Symptom-
atic Carotid Endarterectomy Trial suggest that carot-
id endarterectomy may be significantly better than
ASA therapy alone in preventing strokes in selected
patients with carotid stenosis of 70% to 99%.103 The
role of carotid endarterectomy in cases of partial
stenosis of 30% to 69% has yet to be established. In
all patients requiring the procedure arterial carotid
angiography is essential beforehand for a careful
overview of the entire cerebral circulation. There-
fore, cerebral angiography should be considered only
if surgical therapy is being seriously contemplated.
Recently, MRI angiography has shown promise as a
clinical application.104

The incidence of aspiration pneumonia is high
among stroke patients. Recent evidence suggests that
aspiration immediately after a stroke may be "si-
lent" and may account for many cases of pneumo-
nia. Unfortunately the type of stroke and clinical
evaluation are not helpful in predicting patients at
risk for such a complication. Since a modified
barium swallow can detect swallowing dysfunction in
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most affected people'05 it is routinely used in cases of
large cortical infarction at the Clinical Investigative
Stroke Unit, Saskatoon. The test is easy to perform
and can be done within 2 to 3 days after the onset of
stroke. We give our patients fluids intravenously
until the test results are available. In a recent study
from Duke University Medical Center, Durham,
NC, the occurrence of aspiration pneumonia was
found to be rare when such a protocol was followed
for all patients with acute stroke.'06

Careful attention must be paid to electrolyte
balance and hydration. Cognitive impairment con-
tributes to the problem, and the combination of
dehydration and decreased mobility puts the patient
at increased risk of deep vein thrombosis.

Medical management'07 '08

Patients should be admitted to a specialized
stroke unit or an acute medical care facility, where
specially trained nurses can do regular evaluations
and are able to detect complications.89 To decrease
the risk of joint contractures and venous thrombosis
assessment for occupational and physical therapy
should be done early so that the patient can be
mobilized as soon as possible. There is no justifica-
tion for prolonged bed rest after a stroke.

The hazards of lowering the blood pressure have
already been discussed. The blood pressure should
not be lowered unless there is clear evidence of
end-organ compromise (e.g., hypertensive encepha-
lopathy or congestive heart failure). In two-thirds of
stroke patients an elevated blood pressure will return
to normal within a week without any intervention.40
The risk of the infarction becoming worse or a new
infarction developing is highest among elderly pa-
tients with compromised cerebral autoregulation47
and decreased sensitivity of the baroreceptors.45

Some commonly used drugs may retard the
recovery of function in cerebral injury.56,57,59,109 Pre-
liminary evidence that such slowing occurs after
stroke has recently been published.60 Such drugs
include benzodiazepines, phenothiazines, phenytoin
and clonidine. Although the clinical data are only
preliminary, it may be wise to use alternative medi-
cations until more information becomes available.
We use codeine for sedation or analgesia and pheno-
barbital or carbamazepine to control seizures.

Fecal impaction is frequent. The lack of oral
intake and decreased mobility contributes to the
problem. We routinely prescribe a stool softener.
The routine use of bladder catheters should be
discouraged, because it increases the risk of bladder
infection. In most male patients condom catheters
will solve the problem. Women with urinary inconti-
nence may require diapers.

Because of an increased risk for venous throm-

bosis we recommend prophylaxis with heparin given
subcutaneously in all cases. Anticoagulant therapy is
recommended only in cases of definitive cardiac
embolism. In patients with ischemic stroke ASA,
1300 mg/d, will decrease the risk of recurrence by
25% to 35%.°10 Lower doses may also be effective;
however, this has yet to be shown in a clinical study.
In the only study comparing high-dose ASA therapy
and 325 mg of ASA daily the latter significantly
decreased the number of non-vascular-related
deaths."' Unfortunately, because of the small sample
the question of whether a lower dose (300 mg) is as
effective as a higher dose (1000 to 1300 mg) in the
prevention of stroke remains unanswered. However,
30 mg of ASA has been shown to be as effective as
300 mg in stroke prevention among patients with
transient ischemic attacks or minor stroke.77

Drug therapy to prevent further damage from
stroke or to enhance recovery of function is at
present experimental. 12-1 14

Summary and future directions

The proportion of elderly people in the popula-
tion has been progressively increasing. Because age
appears to be the most important risk factor for
stroke, the evaluation and management of elderly
stroke patients needs particular attention. We have
given a detailed overview of the age-related changes
in the heart, vasculature and cerebral autoregulation
that are of pathophysiologic significance to the
development of stroke in the elderly. Altered metab-
olism and drug interaction make evaluation and
management difficult and may retard recovery of
function after acute stroke. Cardioembolism, water-
shed infarction and stroke secondary to cancer occur
more frequently with increasing age. Amyloid angi-
opathy and related hemorrhage are the most com-
mon causes of cerebral hemorrhage. Careful control
of hypertension and prevention of complications
after acute stroke will help in decreasing the morbid-
ity and mortality rates.

There is little prospective information on stroke
prevention in the elderly. Whether the decrease in
the incidence of stroke during the last five decades
has helped the elderly as much as it has younger
people is uncertain. Management of hypertension
and hypercholesterolemia in elderly patients has not
been clearly outlined and needs further attention.
Recovery of function after acute stroke may be
slower in the elderly than in younger groups. The
limited animal experimental data on recovery after
stroke in different age groups1,5116 suggest that recov-
ery of function may be slower in older animals. This
may be related to their low risk for neuroplastic
effects.'I" Similar evidence remains to be collected in
prospective clinical studies. During the "decade of
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the brain,""8 from 1990 to 2000, we hope some of
these important questions will be answered.

We thank Doris Kanigan for helping in the preparation of
this manuscript.
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