


Medical and Surgical Prevention of Stroke 

Chin-Shih Fong 

Abstract- Stroke prevention is an important subject because stroke is a frequent and severe disorder, and 
therc are no effective treatments for most of stroke. Primary and secondary prevention trials have shown that 
reducing blood pressure in hypertensivc individuals reduces stroke risk. Evidence for stroke reduction exists 
for using warfarin or statin agents for patients after myocardial infarction. Warfarin is indicatcd for patients 
with valvular heart disease and nonvalvular atrial fibrillation who have specific risk factors. Careful control 
of arterial hypertension in diabetics is recommended together with a strict glycemic control to reduce sys- 
temic microvascular complication. Lowering serum cholesterol in patients with hypercholesterolemia 
reduces the risk of stroke. Carotid endanerectomy reduces the risk of stmke in symptomatic patients with at 
least 70 percent stenosis of carotid artery. The endarterectomy with perioperative stroke-related morbidity 
and mortality of 3% or less is considered for patients with asymptomatic carotid lesion of at least 60% 
stenosis. In paticnts with cerebral ischemic symptoms, aspirin or clopidogrel reduce the risk for recurrent 
strokc. Cigarette smoking and heavy drinking are associated with an increased risk of stroke, and should be 
avoided. Estrogen prescribed in hormone replacement or oral contraceptives therapies is not recommended 
in women with prior stroke events or with risk factors for stroke. 
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INTRODUCTION case-fatality rate is 24.5% for fust-ever stroke and 60% 
for recurrent stroke"'. Less than 50% of stroke patients 

Stroke is a heterogeneous disorder that includes are independent one year after stroke and many of them 
cerebral infarction, intracerebral hemorrhage, and sub- have residual physical and behavior changes, leading to 
arachnoid hemorrhge. Cerebral infarction is the most family burden. As the aging of the population and 
common form of stroke, accounting for 71% of stroke in improved survival of patients with acute stroke, the 
Taiwan"'. In Taiwan, stroke is the second leading cause health burden of stroke will probably increase during 
of mortality in recent decades. The average annual inci- the next decades. The cost of acute and long-term care 
dence rate of first-ever stroke for people aged 50 years for stroke patients is approximately $30 billion per year . 
or older is 527 per 100,000 populations. The 28-day in United States. Besides the health burden, stroke also 
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recruits 3,404 patients who had MI. They are random- 
ized and double-blinded to treatment with anticoagula- 
tion therapy or placebo. The likelihood of recurrent MI 
is reduced by 53%, risk of stroke reduced 42% and risk 
of mortality reduced 10%. Long-term warfarin is indicat- 
ed for patients with MI plus persistent atrial fibrillation. 
decreased left ventricular function or left ventricular 
thrombi. An INR range of 2.0 to 3.0 with a target goal of 
2.5 is recommended. 

The Antiplatelet Trialists' Collab~ration"~' concluded 
in 1994 that in patients with previous MI, antiplatelet 
agents reduce the odds of nonfatal MI by 31%. nonfatal 
stroke by 3996, and vascular death by 15%. A pooled 
analysis of I1 trials performed by the North of England 
Aspirin Guideline Development Group"" demonstrates 
that aspirin use in patients with previous MI results in a 
risk difference of 3.2% for the combined end point of 
MI, stroke, or vascular death. However, the American 
College of Physician (ACP)"" reports that aspirin use in 
patients with previous MI results in only a small 
absolute stroke risk reduction and this is not substantial 
enough evidence to conclude that antiplatelet agents are 
useful in preventing a first stroke after MI. 

Current evidence suggests that cholesterol-lowering 
agents, in particular the 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase inhibitors (statin 
agents), decrease the risk of stroke after MI. The 
Cholesterol and Recurrent Events (CARE)"" Trial 
( ~ 4 , 1 5 9 )  shows that in patients with previous MI and 
average cholesterol levels (<240 mgldL), pravastatin 
sodium is associated with a 31% risk reduction for 
stroke compared with placebo. The effects of the statin 
agents except the lipid-lowering properties come from 
nonlipid mechanisms that modify endothelial function, 
inflammatory responses, plaque stability, and thrombus 
formation. The Scandinavian Simvastatin Survival Study . (4s) (n=4,444)"" assesses patients with coronary heart 
disease and high cholesterol levels from 213-309 mg/dL 
and demonstrates a 37% reduction in stroke and transient 
ischemic attack for patients taking simvastatin. In a larg- 
er study, the Long-Term Intervention with Ravastatin in 
Ischemic Disease (LIPID) trial (n=9,014)"", patients 
with coronary heart disease and normal to high choles- 
terol levels, from 155-270 mg/dL who took pravastatin 

experiences a 20% risk reduct~on for stroke 6 
1 
: 

NONYALvm4R ATRIAL FIBluLL4TION I 
Nonvalvular atrial fibrillation (NVAF) is an impor- 

tant risk factor for stroke. It increases the risk of stroke 
by about 6 times. About 36% of strokes in patients 
between the ages of 80 and 89 years are attributed to this 
conditionw'. The ACP1" recommends that oral anticoag- 
ulation with warfarin be given for patients with NVAF 
who have specific risk factors for stroke, including age 
>60 years, previous transient ischemic attack or stroke, 
hypertension, heart failure, and DM. However, patients 
with NVAF who do not have specific risk factors are 
treated with aspirin"". 

VALVULAR HEART DISEASE 

Valvular heart disease of which the most common 
variety causes stroke is rheumatic mitral value disease 
(RMVD)lM'. The incidence of embolic stroke increases 
dramatically in the setting of atrial fibrillation. It has be 
reported that up to 80% of the RMVD patients suffering 
cerebral emboli occur in the presence of atrial fibrilla- 
tion. Atrial fibrillation associated with rheumatic mitral 
valve disease has the highest stroke risk (about 17 times 
greater than unaffected controls). The stroke risk is 
greater with chronic than with paroxysmal atrial fibrilla- 
tion and is highest in the first year after onset of the 
arrhythmia. Rheumatic mitral valve disease requires 
long-term anticoagulant therapy whether or not the 
lesion is accompanied by atrial fibrillation. 

DIABETES M E W S  

Diabetes mellitus has an increased risk for stroke 
through multiple and potentially synergistic mecha- 
nisms. These include acceleration of large artery athem- 
sclerosis, adverse effects on both low-density lipoprotein 
and high-density lipoprotein cholesterol levels, and pm- 
motion of plaque formation through hyperinsulinemia. 
Despite epidemiological and basic science evidence that 
links DM to stroke, studies have not conclusively shown 
that tight control of serum glucose levels reduces the risk 
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for stroke. Randomized controlled trials have demon- 
shated that tight control of blood sugars with intensive 

* insulin therapy in patients with type 1 DM and intensive 
sulfoaylurea and/or insulin therapy in patients with type 
2 DM result in a reduction in the number of microvascu- 
lnr complications (retinopathy, nephropathy, neuropathy) 

I but not macrovascular complications such as s b ~ k e ' ~ ' .  
However, tight control of blood pressure (< 150185 mm 
Hg) in patients with hypertension and type 2 DM 
reduces the risk of fatal and nonfatal stroke by 44% 
compared with the group with less tight ~ontrol"~'. 

I SERUM CHOLESTEROL 

The positive relationship between total serum chc- 
lesteml and incidence of coronary heart disease (CHD) 
has been well established. However, the relationship 
between serum cholesterol levels and the risk of stroke 
remain a matter of debate. A U-shaped relation between 
the serum level of total cholesterol and the risk of stroke 
of all types has been proposed, derived from an inverse 
association with hemorrhagic smke and a direct associa- 
tion with ischemic stroke. An increase in serum choles- 
teml could lead to atherosclerosis of the internal carotid 
artery and the larger cerebral arteries and to subsequent 
ischemic sboke. Conversely, low serum cholesterol lev- 
els could involve the weakening of the endothelium of 
smaller intracerebral arteries and lead to hemorrhagic 
stmke. In a meta-analysis, an increase in the risk of fatal 
stroke (odds ratio, 1.32) and a decrease in the risk of 
nonfatal stroke (odds ratio, 0.88) are observed among 
men in intervention to lower lipid levels through clofi- 
brate or diettn'. An overview of 41 trials1=' find lowering 
serum cholesterol with statins or gemfibrozil reduces the 
nonfatal and fatal stroke incidence in patients with 
hypercholesterolemia or  CHD, but it is unknown 
whether there is any benefit from lowering cholesterol 
levels in normo-cholesterolemic stroke patients. 

EXTRACIbWLU CAROTID ARTERY 
DISEASE 

Randomized clinical trials have evaluated carotid 
endarterectomy (CEA) and extracranial-intracranial 

anastomosis to prevent stroke in patients with extracra- 
nial carotid artery disease. Stroke risk increases with the 
degree of carotid artery stenosisoP'. The European 
Carotid Surgery Trialists Collaborative (ECST) finds 
that the 3-year risk of ipsilateral stroke is 5.7% for 
asymptomatic carotid stenosis of 70-996 but only 1.8% 
for stenosis of 0-29%"'. Four randomized controlled tri- 
als have been published in this area"'-Y'. The CASANO- - 
VA (Carotid Artery Stenosis with Asymptomatic 
Narrowing: Operation versus Aspirin)"" trial include 410 
patients with asymptomatic stenosis (50-90%) of the 
internal carotid artery. No benefit is found for 
endarterectomy. Mayo Asymptomatic Carotid 
Endarterectomy randomized trial"" is discontinued 71 
patients have been enrolled, because myocardial infarc- 
tions and cerebral ischemic events have occurred in 
endarterectomy group, as compared with none in the 
aspirin group. The third trial is the Department of 
Veterans Affairs study of 444 patients'"'. The incidence 
of transient ischemic attacks (TIAs) is reduced in the 
surgical group. When TIAs are omitted from the analy- 
ses, endarterectomy does not improve the occurrence of 
death or long-term stroke survival. The fourth trial, 
Asymptomatic Carotid Atherosclerosis Study (ACAS)'Y' 
finds a benefit from CEA as compared with medical 
treatment in 1662 patients with 60% to 99% asympto- 
matic stenosis followed for an average of 2.7 years. The 
five-year risk of stroke is 10.6% in the medical group 
and 4.8% in the surgical group. This reflects a 5.8% 
absolute risk reduction in five years. The American 
Heart Ass~ciation"~' guideline recommends CEA for 
asymptomatic lesions of at least 60% stenosis and a peri- 
operative complication rate of less than 3%. 

Randomized clinical trials have also proved benefit 
for CEA in cerebral symptoms associated with arte- 
riosclerotic stenosis of the carotid artery. ECST and 
North American Symptomatic Carotid Endarterectomy 
Trial (NASCET)"" indicate that for symptomatic 
patients with stenosis of 70% or more, medical treatment 
alone is inferior to CEA. In NASCET the risk of ipsilat- 
era1 stroke at two years is 26% for patients treated med- 
ically and 9% for those treated surgically. In ECST the 
absolute difference between the risk of stroke among 
patient receiving medical treatment alone and the risk 
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among those undergoing surgery is 17%. In both 
NASCET and ECST surgery is not beneficial in patients 
with less than 70% stenosis. 

The anastomosis of the superficial temporal artery to 
a cortical branch of the middle cerebral artery seems log- 
ical as a prophylaxis for patients with occlusion of the 
extrcranial carotid artery. An international randomized 
trial fails"" to find benefit from the procedure. Recent 
some have reported unchanged resting cere- 
bral blood flow (CBF) and improved cerebrovascular 
reactivity after extracranial-intracranial (EC-IC) bypass 
surgery in patients with reduced cerebrovascular reserve 
due to internal carotid artery occlusion or Moyamoya 
disease. 

Several small series of patients with symptomatic 
and asymptomatic stenosis in either vertebrobasilar or 
carotid arteries have undergone percutaneous translumi- 
nal angioplasty. This procedure carries the risk of dis- 
lodging emboli that can be carried to the brain. 
Angioplasty should be delayed until it passes the stage 
of experimental use and randomized clinical trials. 

PRIOR TIA OR STROKE 

Patients suffering from a transient ischemic attack 
(TIA) or stroke are particularly vulnerable to subsequent 
stroke. Estimates indicate that as many as 40% of those 
who survive a first TIA or stroke will have a subsequent 
stroke within 5 years. Most of these individuals are can- 
didates for antiplatelet treatment to prevent a recurrence. 
Available antiplatelet therapies include aspirin, sulfin- 
pyrazone, dipyridamole, ticlopidine, and clopidogrel. 
Aspirin has proven value in the prevention of ischemic 
stroke when given to individuals experiencing TIA or 
minor stroke. In a meta-analysis, there is 25% relative 
risk reduction of stroke and vascular death in a total of . 14,400 patients studied in 15 randomized clinical trials 
using aspirin alone"". Neither sulfinpyrazone plus 
aspirin nor dipyridamole plus aspirin proves more bene- 
ficial than aspirin alone in stroke prevention. However, 
European Stroke prevention Study in 6.602 patients'"" 
demonstrates that aspirin 20mg twice daily and dipyri- 
damole at a dose of 200mg twice daily have each been 
equally effective for the secondary prevention of 

ischemic stroke, and the combined therapy is more effec- 
tive than either agent prescribed singly. The Ticlopidine 
Aspirin Stroke Study'"' concludes that ticlopidine is 
somewhat more effective than aspirin, but more patients 
in the ticlopidine group have side effects. CAPRLE"" is a 
randomized, blinded international trial designed to 
assess the relative efficacy of clopidogrel and aspirin in 
reducing the risk of ischemic stroke, myocardial infm- 
tion. or vascular death, as well as to assess their relative 
safety. The analysis shows that clopidogrel is more 
effective than aspirin in the prevention of vascular 
events (5.32% versus 5.83%) and the overall safety pro- 
file of clopidogrel is similar to that of aspirin. 

ASPIRIN IN HEALTHY !WBJECTS 

Despite conclusive evidence of the benefits of 
aspirin in the secondary prevention of stroke, only three 
clinical trials for primary prevention been have conduct- 
ed. The American Physician Health Study in 22.071 
male physicians demonstrates a reduction in first 
myocardial infarction, but not in the incidence of 
strokeiu'. The British study in 5.139 male physicians 
finds no significant difference in the incidence of stroke 
between the treatment and control group"5'. In a study 
involving 87,678 women, use of aspirin does not reduce 
the risk of stroke eitheP1. 

LIFESTYLE FACTORS 

Cigarette smoking 
The effects of smoking are multifactorial. affecting 

both vessels and coagulation. The vascular effects of 
smoking are the consequence of reduced vessel distensi- 
bility and increased arterial wall stiffness. leading to 
atheroma. The blood effects consist of increased fibrino- 
gen levels, platelet aggregation and decreased HDL lev- 
els. A meta-analysis of 22 studies'"' indicates that smok- 
ing doubles the risk of ischemic stroke. Passive exposure 
to cigarette smoke also increases the risk of progression 
of ather~sclerosis"~'. 

Alcohol use 
Alcohol consumption has a direct dose-dependent 
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effect on the risk of hemorrhagic stroke"". Studies"" stroke in posnnenopausal ischemic stroke women under 
have suggested a J-shaped dose-response curve between estrogen replacement therapy'"'. 

: is alcohol use and ischemic stroke risk, with protection for 
lnts those drinking up to 2 drinks a day and an increased risk Oral contraceptives 
ia "1 a for those drinking more than 5 drinks a day. The delete- An increased risk of stroke is reported in users of 

rious effects of alwhol for stroke may occur through 
increasing arterial hypertension, hypercoagulable states, 
cardiac arrhythmia and reduced cerebral blood flow. 
However, a light alcohol intake may act as a protector by 
increasing HDL cholesterol and endogenous tissue plas- 
minogen activator. 

Dlet 
Dietary factors may be risk factors for stroke. 

Increased scdium intake is associated with hypertension. 
and reduction in salt consumption may significantly 
lower blood pressure and may reduce stroke mortality. 
Elevated plasma levels of total homocysteine are 
inversely related to dietary intake of folic acid and vita- 
min B6. Case-control studies have shown an association 
between moderately elevated homocysteine levels and 
stroke, but this relationship is less robust in prospective 
~tudies'"~. Finally, the mle of fat intake as a smke risk 
factor remains uncertain, whereas fruits and vegetables 
may wnnibute to prevention of stroke through antioxi- 
dant mechanisms or through the elevation of potassium 
levels. 

Postmenopause estrogen replacement therapy 
Posnnenopausal therapy with exogenous esmgen is 

widely used to relieve the symptoms of menopause and 
prevent osteoporosis. Moreover, the use of exogenous 
esmgen has been associated with a 44% reduction in the 
risk of coronary heart disease. The beneficial effect 
might be mediated by reducing total and low-density 
lipoprotein cholesterol, increasing high-density lipopro- 
tein cholesterol, inhibition of endothelial hyperplasia, 
and increased production of prostacyclim. A meta-analy- 
sis has demonsmated that the relative risk of smke for 
smke-free posunenpausal women who take either estro- 
gen or esmgen plus progestin, as compared with those 
who do not take hormones is 0.96"". However, the 
Women Esmgen for Smke Trial (WEST) has shown an 
increased risk of stroke and an increased severity of 

high dose formulation of oral contraceptives after the 
intmduction of oral contraceptives in the 1960s. Those at 
particular risk are women over 35 years of age, cigarette 
smokers, women with hypertension, and women with s 
history of migraine headaches. In the Royal General 
Practitioners' Study of more than 40,000 women, there 
is an increased incidence of fatal subarachnoid hemor- 
rhage in women taking oral  contraceptive^'^'. Since the 
amounts of estrogen and progestogen in oral contracep- 
tives have been reduced, recent studies have disclosed 
little or no increase in stroke incidence among user of 
oral contraceptives. 

CONCLUSION 

Basic research is leading to an improved understand- 
ing of the pathogenesis of stroke, and a number of thera- 
peutic strategies of stroke are now being tested in clini- 
cal trials. These approaches must overcome both the 
exaeme susceptibility of brain cells to the ischemia and 
the delays that occur before patients with smke come to 
hospital. The outcome of patient with smke may never 
be as good as that of someone in whom a smke is pre- 
vented. Revention is the key to alleviating the enormous 
burden of smke. An optimal management of risk factors 
for stroke is crucial to reduce the risks of first-ever 
stroke, recurrent stroke, and any vascular event. One of 
the major public health issues for the coming years will 
be to focus more on risk factor recognition and manage- 
ment. 
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