Cerebrovascular Disease
1.0 Risk Factors and Primary Prevention of Ischemic Stroke

1.1 Age. Ageisthe most powerful risk factor for stroke generaly but isleast related to
subarachnoid hemorrhage and most related to ischemic stroke.

1.2 Prior Stroke Previous stroke generally is aso a strong predictor of stroke. Aswill be
seen dl patients with prior stroke should be treated with modifiable risk factor reduction
and, unlessthereis a contraindication, one of the severd medications or surgery that is
known to prevent recurrence.

1.3 Hypertension. An understanding of the mgjor risk factorsis important because it aids
in the identification of the patient who is most likdly to develop cerebrd infarction and in
Some cases suggests way's to reduce the risk of the first stroke (primary prevention). A
powerful treatable risk factor of hypertension. Both diastolic and systolic hypertension

are rdated to stroke. The Framingham study showed that even mild hypertension (and
recently left ventricular mass) is associated with ardative risk of about 1.5. Treatment of
hypertension reduces stroke risk.

Hypertenson

del eterious effects on vessals and the heart

secondary rend disease

acute precipitation of hemorrhage

possibly both stroke and HBP are associated with a 3rd factor

The Systalic Hypertension in the Elderly sudy (JAMA 1991, 265(24):3255-3264)
showed a 36% reduction in stroke with antihypertensive treetment compared to placebo
in elderly patients with isolated systalic pressures > 160 mm Hg. Numerous studies have
shown the benefit in stroke reduction with blood pressure control. Patients with
hypertension are at risk for both large artery and "penetrating” or smdl artery (100-500
micron diameter) disease (see Lacunar Infarction and Intracerebral Hemorrhage topics
below).

1.4 Cigarette Smoking. It has become clear that smoking carries at least a1.5-2.0 relative
risk for stroke and that the risk can be gresetly reduced by cessation. It certainly
predisposes to carotid artery disease but may dso add to an unfavorable viscosty

gtuation and contribute to stroke risk in that way aswéll. Indirectly it affects coronary
hedlth and may dso add to risk in thisway.

1.5 Blood Lipids. In generd the relationship between high total and LDL cholesterol and
low HDL and risk, as has been demondtrated in coronary artery disease has been difficult
to establish in stroke. Severd studies however, have shown an increased risk of



thrombotic stroke with low HDL. Overdl the relationship to strokerisk is relaively
week, possibly because cerebra infarction has important etiol ogies beyond
atheroscleross which is related to anormd lipids. This explanation is supported by
gudies that show a strong relaionship of lipid abnormditiesto carotid or intracranid
atherosclerosis. Recently, lipoprotein aor so caled Ip(a) has been associated with stroke
risk but confirmation in larger studies has not been convincing.

In Asan studies |ow serum cholesterol has been associated with increased risk of
intracranial hemorrhage. This observation has been met with skepticism but received
support from at least one large study in Caucasian maes (MRFIT study). The reason for
such an association is unclear.

Thereis recent evidence that the newer agents that reduce cholesterol decrease stroke as
well as cardiovascular events. Thisistrue for smvadtatin (Lancet 1994; 344: 1383-1389)
and pravadtatin (Circulation 1995; 92: 2419-25). Reative risk reduction is on the order of
30-50%.

Although afew questionsremain it is becoming clear thet lipids abnormalities predisoose
to adverse cerebrovascular as well as cardiovascular events. Accordingly thelipid related
treatment of stroke patients should be carried out according to published guiddines
designed for prevention of heart disease.

1.6 Diabetes Médllitus. In the Framingham study diabetes was related to stroke incidence
but stood out as an independent risk factor only for older women. Other studies however
indicate that stroke and diabetes are often found in the same patients. It islikely thet the
impact may be obscured because these also have other risk factors, such as hypertension
and heart disease and the independent contribution of glucose intolerance per seis
difficult to isolate. Diabetics are at risk for both small and large vessdl cerebrovascular
disease.

1.7 Alcohol. The Framingham study established a"J" shaped risk curve for acohol and
myocardid infarction in which lon-moderate use (1-2 drinks per day) was associated
with reduced risk and heavy use with increased risk. The Stuation with stroke may be
smilar but as yet this matter is under debate. What is cleer is that heavy use increases
grokerisk for intracrania bleeding. It may aso predispose to ischemic brain disease a
least in men. Confounding factorsin thisissue relate to the high rate of cigarette smoking
in heavy drinkers and the combined deleterious effects of acohol on blood viscosty and
cardiac rhythm.

Alcohol abuseisnot arisk factor for coronary artery disease or myocardia infarction and
may, in fact, have a protective effect. It appears that the oppositeistruein strokerisk. A
number of studies seem to conclude that acohol abuseisarisk factor for occlusve and
hemorrhagic stroke. The Framingham study showed that cerebrd infarction increased in
incidence in men and women who drank, particularly in men age 50-62. The risk
increased when the acohol consumption was above 14 oz. of acohol per month. A study
done in Japan showed an increased risk for both hemorrhagic and occlusive stroke among



those who drank acohol on adaily basis. The Honolulu Heart Study showed that
drinking correlated with higher blood pressure and adso a higher mortdity from stroke.

The mechanism for increased stroke in heavy dcohol useis unclear. Alcohol may interact
with hypertension, awell known risk factor for stroke. Both acute and chronic acohol
consumption are associated with hypertenson. Alcohal, if anything, probably hasa
beneficid effect on lipids. Some have tried to invoke the platelet, with both increased and
decreased platelet function related to drinking and acohol withdrawal. However, these
gudies are inconclusive. (See: " Stroke and Substance Abuse” by John C. Brugt in Stroke
Pathophysiology,Diagnosis and Management, Edited by Barnett, Stein, Mohr and Y atsu,
1992, pp 875-894 and as0 see Kannd, "' Alcohol and Cardiovascular Risk” Circulation
52, Supp. 2200, 1975.)

1.8 Egtrogen. A significant increase in the risk of stroke appears to accompany use of ord
contraceptives concentrated mostly in older users(>35 years), those who smoke and/or
have other risk factors and users of the high estrogen content pills. Although usudly
associated with "thromboembolism” the risk is highest for subarachnoid hemorrhage
especidly for older users who smoke.

Data on the cerebrovascular risk attending the use of postmenopausa estrogen
supplementation has been conflicting. While the Framingham study reported arddive

risk of 2.0 for stroke in women reporting the use of these drugs two other large sudies
failed to confirm thisfinding. In fact, both the Nurses Hedlth Study (NEIM
1991,;325:756-762) and the NHANES(Arch Int Med 1993;153:73-79) cohort reported a
decrease in risk with use of postmenopausa hormones. On baance thereislittle
judtification for removing these medications to reduce stroke risk if they are otherwise
needed. In fact, there is a secondary stroke prevention trial (WEST) now in progress
which istrying to determine if estrogen supplementation prevents recurrent strokein

older women.

1.9 Other. Other factors under investigation include race and heredity, patent foramen
ovae, atrid septa aneurysm, spontaneous echo contrast ("SMOKE", afinding on
transesophaged echo), aortic arch plagues, snoring, lipoprotein fractions, presumed
hypercoagulable states including intermediate leve of protein C and S and the
heterozygote state of homocystinuria or other causes of modest eevation of
homocysteine in the blood.

( See Wolf, Belanger, D'Agosting, "Management of Risk Factors', Neurologic Clinics,
1992;10(1):177-192), Sacco R. "Current Epidemiology of Stroke, in Current Review of
Cerebrovascular Disease, Fisher and Bogousdavsky eds, an 1993, pp3-14)

Heart disease (see below) predisposesto cerebra infarction in severa ways primarily
including emboalization from vavular and great vessd disease, dysthythmias and
disorders of the cardiac wall. In addition impaired cardiac function adds to stroke risk
independently of other cardiac abnormdities or other stroke risk factors such as



hypertenson. Other specific conditions, such as carotid stenosis and cardiac disease, will
be discussed under more specific headings. Subdlinica brain disease may dso indicate
higher risk for clinica stroke. Infarcts or infarct like lesons were first associated with
stroke in a populaton based series of stroke patients in the Framingham Heart Study. MRI
defined infarcts were smilarly associated with prevaent stroke in a population based
study from the Cardiovascular Hedlth Stduy (Stroke 1994; 25: 318-327). Not
surprisingly, white matter abnormdalities on MRI aso were correlated with prevalent
sroke but despite the fact thet it isbiologicdly plausible the risk of clinica stroke
associated with these lesions has not been demonstrated and proof that intervention is
needed has not been published.

1.10 Transient Ischemic Attack. These neurologic events represent powerful risk factors
for grokeif they are associated with certain predisposing. The following generd
comments about TIA'swill be made but it should be noted that most mechanisms of
cerebrd ischemiaincluding large or samdl vessd disease and embolism can present with
TIA. It bears on the duration of ischemia not the directly on the cause. A transent
ischemic attack is a complex of neurologic symptoms, which undergo rapid reversd,
which are best explained by interruption of blood supply to the brain. Differentia
diagnosisincludes conditions such as focd seizure, complicated migraine, tumor,

subdura hematoma and rarely metabolic derangements. Transent focal symptoms may
accompany subarachnoid or intraparenchymal bleeds.

Most TIA'sare brief, 5 - 60 minutes. Sometimes, symptoms are transient but CT shows a
brain infarction. Although minor (or asymptomatic) strokeistechnicaly different than
TIA, both groups should be investigated in asmilar fashion and treated the same. In
generd, the occurrence of TIA's Sgna a much increased risk of stroke--over 10 times
background during the first year and 7 fold during the subsequent 5 years. However, as
with arid fibrillation, there are important differencesin prognoss with these generd
gatidtics. At the high end of the risk spectrum is the patient with hemispheric TIA's
ipslatera to a carotid stenosis > 70%; on the other end would be the young patient with
no vascular risk factors. Overdl, the risk rises with the age of the patient, mae sex,
higher number and more recent TIA's. coincident periphera vascular disease or |eft
ventricular hypertrophy, brain vsretina symptoms, presence and degree of carotid
stenosis and associated infarction (see Wilterdink and Easton, Arch Neurol, 1992).

Early management remains controversid. On our service acute TIA patients are generdly
brought into the hospital emergently, given aspirin,and considered for heparin treatment
(if CT shows no bleeding). They are then usudly admitted so that the cause of the TIA
can beinvestigated. This aways includes an evauation for a cardiac source embolus and
an assessment of the cerebra vessels using Duplex ultrasound for the cervical carotid and
transcranid Doppler (TCD) for intracrania large arteries. If evidence for one of these
conditions is not found, heparin is stopped and the patient placed on long term aspirin or
another antiplatelet agent. Not everyone takes this approach using anticoagulants.
However, there is agreement among most that evaluation needs to be prompt and include
basic blood work, an EKG, cranid CT scanning and carotid imaging at the very lesst.
Additiond testing depends on the dlinical scenario but may include cranid MRI,



transesophageal echocardiography and tests for antiphospolipid antibodies or
coagulopathy. There is no agreement on the ultra early management of TIA patients.
Most Studies with antiplatelet agents do not include many patients entered within the first
48 hours but antiplatelet therapy is usudly recommended. There is recent data from two
trids (Internationad Stroke Trid and the Chinese Aspirin Stroke Study) using aspirin
early on for urgent trestment of ischemic stroke (arelated but separate issue) and this
information is described below under stroke trestment. Carotid surgery is recommended
for appropriate TIA patients and it should be performed as soon as possible after
presentation(see below). Medica therapy for TIA is discussed under secondary stroke
prevention.

Mogt are less than 24 hours (usualy .5-1 hour)

If symptomslast > 6 hours, aninfarctionislikely

Therisk for subsequent stroke is usualy quoted at about 40%, with half of these
occurring within 3 months of the TIA, 2/3 within 6 mos

Evduation should be prompt and include, a a minimum, basic blood work, an
EKG, cranid CT and carotid study.

Medicd trestment should be with aspirin, ticlopidine or rarely anticoagulants;
carotid enterectomy is beneficid for ipslatera carotid lesons of > 70% lumind
diameter reduction unless the patient has severe medicdl illness.

A peculiar transent phenomenon associated with carotid artery disease and
hemodynamic ischemia (upright posture)

Symptoms consst of seconds to minutes of arm, sometimes leg shaking or
repetitive movements not associated with facia twitching or changes in sensorium
EEG may be hepful in diagnos's; anticonvulsants not hepful in trestment. (Ann
Neurol: 18(2) Aug. '85)

Should dl TIA patients be hospitalized? The following guidelines were published by
the American Academy of Neurology. | think it is prudent to hospitalize most patients
with TIA within the past 7-10 days &t least unless one can obtain afairly complete
one day outpatient work up looking for carotid disease, afib or coagulopathy.

TIA/ Who Should be Hospitalized?

Recent TIA (< 48 hours)

Prolonged TIA (that is, astroke)
Frequent or Crescendo TIA
Suspected high grade carotid disease
Pogterior circulation TIA

American Academy of Neurology Task Force for Utilization for Stroke; Neurology
August 1994: 1531-32.



2.0 Common Stroke Types: Diagnosis and M anagement

Classification. Recent stroke registries define stroke entities using clinica and laboratory
data. The result is a classfication scheme with agpproximeately the same distribution
between ischemic and hemorrhagic stroke (80% vs 20%) as older (pre-CT) studies, but
subdividesischemic stroke differently. (See: Classfication of 1schemic Strokes by J.P.
Mohr and R.L. Sacco, in Stroke: Pathophysiology, Diagnos's and Management,
Churchill-Livingst.1992,p.271-284).

Thrombosis (large artery occlusive disease) 15%
Embolism 25%

Lacunar 10%

Infarct cause unknown (cryptogenic) 25%
Hemorrhage - SAH 12%

Hemorrhage -ICH 13%

Stroke Subtyping. The determination of stroke subtypes is an important diagnostic
exercise. Themost basic leve of this effort is the digtinction between cerebra

hemorrhage and cerebrd ischemia. Clinica schemes can only go part of the way toward
thisimportant distinction and agood qudity CT scan is needed to separate the two.
Within the broad category of stroke due to cerebral ischemia considerable effort has been
expended over the last two decades to develop systems that categorize ischemic stroke
into meaningful subgroups. The mativation for this comes primarily from the belief that

the most meaningful and accurate prognosis and treatment information will be subtype
gpedific. Thisthinking is put into practice daily by selection of secondary prevention
treatments based on presumed subtype and etiology. However, the efficacy of antiplatelet
agents, the maingtay for secondary prevention, has not been determined as a function of
ischemic stroke subtype. A new generation of studies, such asthe warfarin aspirin
recurrent stroke study (WARSS) and the Warfarin Aspirin Study of Intracranial Disease
(WASID), now being conducted or planned, will address the issue of selection of
trestments from the viewpoint of ischemic stroke subtypes.

Asfar as acute trestment is concerned, at present only the ditinction between
hemorrhage and ischemiaisimportant. While it isintuitively appedling to think that large
vessel occluson may respond to a different acute intervention than small vessd or
cardioembolic stroke, it remainsto be proven. TPA seems just as effective for smal as
for large vessel stroke subtypes. In addition isit not currently possible to be confidant
what subtype one is dedling with in the ER. During a recent study of a new trestment the
investigators determined how well the 3 month subtype classification compared with the
initid impression in the ER. Fully 38% of the patients underwent a change in subtype
diagnosis on the badis of either more history or the results of in house testing ( see
Madden et a, Neurology 1995; 45:1975-1979). Specid testing needed for subtyping
dows down the treatment machinery and should be done as part of a protocol.

Subtyping can give useful prognostic and trestment information. Cardioembolic stroke, a
category based on the presence of a cardiac source of embolus and absence of other



factors, is often treated with warfarin. In the case of atrid fibrillation, thisis based on
extensve prospective data.

The concept of Stroke of Unclear Etiology isaso useful in that it can drive amore
extengve workup looking for rare causes of stroke. Likewise, stroke in the young adult
should bring to mind a different set of etiologies and prompt a more extensive work up
for unusua causes of stroke. In addition the Stroke Data Bank has demonstrated that
subtypes have different early recurrence and in house worsening rates as well as different
early mortdity rates. Thus subtyping of ischemic stroke is useful provided thet the
clinician bearsin mind it limitations and the fact that these subtypes are not "pure
cultures’ and more than one mechanism may be present in the same patient.

2.1 Large Artery Thrombosis. The mechanism is defined by obsiruction due to locdized
disease processes (most often atherosclerosis but dissection would aso beincluded in this
category) with or without superimposed clot formation. Clinica presentations usualy
suggest relatively large lesions, sensory and motor signs with cortical involvement
(exception: pure motor symptoms from a"diga fied" leson). CT/MRI scans show
patterns of infarct usudly involving an MCA divison or the entire MCA territory (so
cdled "territorid" patterns), athough borderzone or "distd fied" pattern may be seen

with lesions proximd to theinternd carotid artery (ICA) termination.

Cerebrovascular atherosclerosis may cause distd artery - artery embolism occlusion with
relatively localized brain infarcts or may produce symptoms by what is caled
hemodynamic mechaniams, i.e. cregting alow flow Stuation beyond thelesonina
vascular bed that for whatever reason(s) is not able to compensate with collatera flow.
The more intracranid the lesion isthe fewer are the opportunities for collatera flow.
With an extracrania carotid leson reversd of flow through the ophthalmic and crossover
of blood from the anterior communicator are common ways to "rescue’ the brain above
the lesion, asin the contribution of blood from the vertebrobasilar circulation via the
posterior communicator. Intracrania lesions may be beyond the point where the
ophthamic artery can contribute and may dso be in a postion to prevent useful
contributions from the communicators. There remainswhat are called "leptomeninged”
collaterds that potentidly, to avarying degree in individua patients, connect the named
vessdls of the cirde of Willis,

Collaterd Circulaions Systems

extracranial-intracranial ( e.g. reversed ophthalmic art.)
Willisan ( eg. anterior communicator)
leptomeningeal (e.g. ACA to MCA on the cortical surface)

Since the management of extracranial carotid, intracranial carotid and
vertebrobasilar disease manifestations vary in some respects, they will be dedlt with

Separately.



2.1.1 Extracrania Carotid Artery Disease.

Risk Factors. Risk factors tend to parallel those of coronary artery and periphera vessel
disease. Cigarette smoking is a particularly strong risk factor for carotid artery
atheroscleross. The incidence increases with advancing age. Hypertension is present in
50-75% and elevated plasma homocysteine has recently been implicated.

Diagnosis. Duplex ultrasound or magnetic resonance angiography backed up by
conventiona angiograpy isthe usud gpproach to diagnoss. Although somefind it useful
to know the digtd, intracrania arteriad status, others argue that angiography may no
longer be required smply adds morbidity.

Risk of Stroke with Stenosis. Mot sudies have shown an increase in risk of stroke with
the degree of carotid stenosis especialy when it getsto around 75% or greeter.

Management of Asymptomatic Carotid Stenosis. The presence of carotid atheroscleross
even without significant senod's seemsto mark patients at risk. The long term study of
Norris and colleagues demondgtrated an annual risk of 1.3% in cases with stenog's of
<75% by ultrasound and 3.3% in those with >75% stenos's. Whether asymptomatic
carotid artery lesions should be subjected to carotid endarterectomy has been the subject
of much debate. A large study, the Asymptomatic Carotid Artery Study (ACAS) recently
reported on the benefit of prophylactic surgery for leson of > 60% diameter reduction by

angiography.

A dlinical dert based on early analyss from this study was distributed in Sept 1994. "
Summary: The investigators of the Asymptomatic Carotid Atherosclerosis Study (ACAS)
are reporting the interim results of arandomized controlled dlinical trid of carotid
endarterectomy in patients who have asymptomeatic carotid stenosis of greater than 60%
reduction in diameter. In addition to aspirin and aggressve management of modifiable
risk factors, one hdf of the patients were randomly assigned to receive surgery after
angiographic confirmation of the leson. Carotid endarterectomy is beneficid with a
datidticaly sgnificant absolute reduction of 5.8 in the risk of the primary endpoint of
stroke within 5 years and arelative risk reduction of 55%. As a consegquence of thetria
reaching satigtica sgnificance in favor of endarterectomy, and on the recommendation
of the sudy's Data Monitoring Committee, physcians participating in the study were
immediately notified and advised to reevauate patients who did not receive surgery. It is
important to note that the success of the operation is dependent on medica centers and
surgeons who have a documented perioperative morbidity and mortality of less than 3%,
careful selection of patients and postoperative management of modifiable risk factors.™
(Nationa Ingtitute of Neurologica Diseases and Stroke Clinical Advisory,September 28,
1994).

A totd of 1662 with asymptomatic stenosis of 60% or greater were randomized and data
was available on 1659. Although they initidly were cdling trangent ischemic atack

stroke or degth occurring in the perioperative period were caled endpoints but in March
1993 they eliminated TIA's and concentrated on appropriate distribution infarction and



any stroke or death in the perioperative period. After amedian follow up of 2.7 yearsthe
aggregate risk over 5 yearsfor ipslatera stroke and any perioperative stroke or degth was
5.1% for surgical patients and 11% for medicaly trested patients. This amounted to a
53% reduction over 5 years. Centers had less than a 3% perioperative morbidity and
mortdity risk. They did not show a difference between 60-69% and 80-99% but there
were few patients with high grade stenosis. No high risk groups were identified but for
unclear reasons women had higher surgica morbidity. (JAMA 1995; 273 (18):1421-
1428). There is no data to support surgery for lesons less than 60% stenosis. Thereis
aso no convincing evidence that patients with asymptomatic carotid stenosis benefit

from prophylactic CEA before cardiac or any other surgery.

These results displaced the recent VA randomized trial testing prophylactic CEA for
asymptométic lesons of 50% diameter narrowing failed to confirm the benefits of
surgery (Hobson, et a., NEIM 1993;328(4): 221-227).

The management of asymptomatic stenosisis a rapidly developing area of
cerebrovascular disease. Snce the ACASresults, more people will likely be referred for
surgery but some neurologists may wait elect to refer for surgery at some point beyond
60%, possibly 80% or greater since there is other data which supports anincreasein
stroke rate when the stenosis reaches about this point.

Management of Symptomatic Carotid Stenosis. Surgica therapy for prevention of
cerebrd infarction has been practiced for severa decades but only recently has been
subjected to careful study. The use of a bypass graft around an occluded carotid in what
was caled the EC-IC operation (extracranid-intracrania bypass) was tested and rejected
as an operation that "works but does not help”, meaning that the operation did not reduce
subsequent stroke and death incidence. Carotid enterectomy (CEA) involves opening up
the carotid artery and shelling out the atherosclerotic materid, usudly with primary
closure but sometimes using a patch graft. There have been severd recent studies testing
the benefits of CEA. These studies have supported the use of CEA in symptomatic
patients with ipsilaterd stenoses of >70% lumind diameter by angiography in the most
influential of these studies. The reader is referred to American Heart Association
Guidelinesfor areview of current recommendations regarding CEA (Stroke 1995; 26:
188-201).

Trial Design

Randomized, controlled trids involving centers with proven low surgica morbidity and
mortdity (< 6%).

"ECST" : European Carotid Surgery Trid; (Lancet 1991;337:1235-1243)

"NASCET": North American Symptomatic Carotid Endarterectomy Trid; (NEIM
1991;325:445-453)



"VA Study": Veterans Affairs Cooper ative Study; (JAMA 1991;266: 3289- 3294)
(resultsnot described but trial supported CEA for stenosis > 50%)

Treatments
Surgery compared to

ECST: variable apirin dose with local discretion as to medical management
NASCET: 1300 mg ASA/day and attempted risk factor reduction (in al patients)

Endpoints

ECST: primary - ipslaterd stroke; secondary - mgjor stroke or desth from any
cause

NASCET: primary - ipsilatera stroke or stroke death; any death within 32 days of
randomization; secondary - dl nonfatd and fatd stroke and degth (any cause)

Incluson Criteria

ECST: any age with TIA or non disabling Stroke in previous 6 months; any degree
genosis’ inipsilaera carotid artery;

NASCET: < 80 years, TIA or non disabling stroke< 120 days prior to entry; 30-
99% stenosis of ipslatera artery.

+ Basad on conventional angiography.
Excluson criteria

ECST: ungtable neurologicaly previousipsilatera CEA; could have trested
coronary artery disease;

NASCET: progressng siroke; severe intracranial disease or odd etiology (e.g.
dissection); any previous surgery with 30 days or previousipsilaterd CEA,; atrid
fib, ungtable angina, recent MI (6 months), cardiogenic source for stroke; not
expected live 5 years or bad HBP; or severe intracranial occlusive disease.

Results

ECST - Among 778 patients with severe stenosis (70-99%), therisk of surgica
stroke or degth, ipslatera stroke (or any stroke) of 12.3% after 3 years (455
patients) was better than the comparable rate of 21.9% in the (323) medically
treated patients (p. < .01 or better). No difference in overal mortality. Surgery not
effective for genosis < 30% (data for 30- 69% stenosis recently reported and no
benefit was obvious.

NASCET - Among 659 patients with stenosis > 70% followed for 2 years
(average), the rate of ipdlateral stroke of 9% in 331 operated patients was
considerably better than the rate of 26% observed in the 328 treated medicaly (p



<.001). Perioperative morbidity/mortdity was 5.8%. Surviva probability was
improved by surgery. Efficacy for patients with 30-69% stenosisis not yet clear
(randomization continues).

Conclusions

Carotid endarterectomy in selected symptomatic patients works - patientslive
better (ECST and NASCET) and longer (NASCET));

These results may be generdized to smilar patientsif surgicd
morbidity/mortality islow and surgery is performed soon after TIA or stroke;

The NASCET Trid, which was examining high grade (>70% diameter) stenosis of the
interna carotid artery in patients with ipslaterd symptoms, was interrupted because a
sgnificant "endpoint” had been reached. The monitors of the study became convinced

that surgery was sgnificantly better than medicd trestment. It must be noted that: These
results may not be gpplicable to centers with acombined surgica morbidity and mortdity
which greatly exceeds the standards of this study (< 5%, 2% mag or morbidity or death) or
in patients with Sgnificant medicd illness.

Coexigtent Carotid and Coronary Disease. Finally, the problem of managing coexistent
symptomeatic carotid and coronary artery disease remains avexing issue. The AHA
guideline paper referred to 57 English language papers relating to this subject but no
sudy is definitive. Their andysdsindicated, much as one intuition would suggest, that
operating on the carotid first reduced stroke but resulted in more perioperative M1 and
desth; likewise operating on the heart first may have a higher stroke rate. Most
neurologist do not recommend prophylactic CEA before CABG for asymptomatic carotid
disease. If both beds are symptomatic, we recommend fixing the most urgent onefirgt. If
in doubt | recommend heart surgery first and not combined operation on both. It should
be noted that the AHA pand could identify no best rategy and no recommendation was
made.

2.1.2 Intracranial Carotid System Disease
Risk Factors. Diabetes mellitis and race.

Prevalence and Risk of Stroke. Prevaence has been variable depending on the patient
population. Most older reports suggested that fewer than 5% of strokes were dueto
intracranid arterid disease. There was arecent report that indicated that in some settings,
and when people are examined with TCD and MRA, the prevaence may be as high as
30%. The stroke incidence associated with intracrania ICA or MCA disease has been
reported from the EC-IC study to be 7% per year ( Stroke 1986; 17: 1112-1120). In
gmndler seriesthe stroke rate has been even higher suggesting that this condition may
have ardatively poor prognosis.

Management: WASID study



The best way to prevent recurrent events in someone with symptomatic intracrania large
vessdl disease has not been subjected to careful sudy. Recently however a multicenter
retrospective study was published which suggested that more people with
angiographically proven stenosis > 50% diameter (but not occluded) do better with
warfarin than aspirin (Neurology 1995; 45:1488-1493). Of 88 treated with warfarin for
median of 15 months the overdl rate of mgor vascular events including stroke and
MI/sudden death was 8.4/100 patient years compared to 18/100 patient years for 63
aspirin treated patients.

2.1.3 Vertebrobasilar Discase

“Top of the Basilar" Syndrome

Visud defectsinclude: disorders of vertical gaze, convergence, "Collier's Sign”
(elevation and retraction of the upper lids), skew deviation, pupillary
abnormdlities

Somnolence, memory deficits, agitated delirium, hdlucinaions, symptoms of
unilaterd or bilaterd pogterior cerebrd artery infarction

Large vs Smdl Vertebrobasilar Artery Disease. Y ou cannot reliably distinguish large
from smal vessd disease in the pogterior circulaion clinicdly, at least in the acute
seiting. Any patient whose symptoms suggest VB disease should be congdered likdly to
have large artery disease until further investigation proves otherwise.

Risk Factors. These are pretty much the same as for anterior circulation diseese.

Emergency Management. In addition to the measures used for anterior circulation
disease, there is aliterature on urgent thrombolysis using catheter injected urokinase or
TPA for cases of acute (<8 hours) basilar thrombosis. It is unclear whether this would be
done in addition to intravenous tpa treatment.

Noninvasive Detection. Transcrania Doppler and Magnetic Resonance Angiography can
both detect large artery disease but imperfectly. Some of us think that we need
concordance between these two to be sure, at least in some cases, of the prevaence and
severity of diseasein the badlar.

2.2 Medicd Management of Stroke
2.2.1 Treatment of Acute Ischemic Stroke
The standards for the trestment of acute stroke and for TIA have recently been reviewed

by expert groups impaneled by the American Heart Association (Adams, H, Brott, T,
Crowdl, R, et d: Guiddines for the Management of patients with acute ischemic stroke.



Circulation 1994;90(3): 1588-1601.) and the National Stroke Association (McDowell, F,
Brott, T, Goldstein, M, et d: The first x hours. Stroke clinica updates 1993; IV(1): 3-11
(available through the National Stroke Association) and Guidelines for Management of
Transent Ischemic Attacks, Stroke; 1994; 24: 1320-1335. These reports, on which my
recommendations are largely based, make it clear that the nonemergent attitude and
response to stroke are no longer acceptable and do not represent the standard of care
which our patients deserve today. The AHA guiddines are now revisesto reflect recent
advancesin treatment (Adams, H, Brott, T,Furlan, T et d: Guideline for Thrombolytic
Therapy for Acute Stroke: A Supplement to the Guidelines for the Management of
Patients with Acute Ischemic Stroke. Stroke 1996; 27: 1711-1718).

The FDA has recently (June 96) approved the use of TPA for the trestment of acute
ischemic stroke. The recommendation is based largely on the NIH study reported in the
NEJIM, (NIH and Stroke TPA Study Group, Dec 14, 1995) and include these restrictions:

trestment in less than 3 hours after onsat

no coagulopathy

no hemorrhage on CT (may be more redtrictive and require no sign of early
cerebrd infarction)

Symptomatic hemorrhage can be expected in at least 6% of patients and may be fatd.
Even after congdering the hemorrhage risk however, patients treated with TPA had about
a30% greater chance of having no or minimal disability a 3 months compared to
standard care. (See revised AHA recommendations)

Patients need to be educated asto the signs of stroke, especidly: the abrupt onset of
hemiparess, sudden change in mentation or level of consciousness, severe headache,
especialy with vomiting, and disorders of vison and other senses. Remarkably, most
gtroke patients, even those clearly at high risk because of prior stroke or TIA, deny
receiving any stroke education before admission. Stroke education reduces delaysin
presentation for evaluation and treatment. In addition, the patient/family must be
ingtructed to cal 911 services and not attempt to reach the patient's personal physician
until emergency evauation is underway. Using 911 (or comparable emergency services)
avoids unnecessary dday in the initiation of treetment. (Brott, T: Urgent evauation and
management of stroke. In: Adams, H, ed. Handbook of Cerebrovascular Diseases, New
York: Marcel Dekker, Inc., 1993: 385-399).

Stroke is treated with different acuity prioritiesin different communities. Emergency
Medica Personnel need to be clear on rapid recognition, response and treatment of stroke
with an emphasis on rapid transport to the hospitd.(Brott 1993) Guidelines outlining

generd measures for emergency personnd have been published (Emergency cardiac care
committee and subcommittee: American Heart Association: Specid resuscitation

gtuations. Stroke. JAMA 1992; 268: 2242-2244). Treatment of some types of stroke may
someday be initiated during transfer. The team in the field should be encouraged provide
notification that a stroke patient is en route and to minimize any dday.



Emergency or primary care physicians treating the petient in the emergency setting

should complete an initid evauation within 5-10 minutes. A decision should be made
quickly regarding CT scan, which isamost dways indicated, in Stuations where CT
personnd are not on site. Acute ischemic stroke most often presents with focal
neurologica findings without coma. Important differentid diagnoses indude intracranid
hemorrhage which may not produce focd findings and which may present with loss of
consciousness, metabolic derangements are rarely associated with focd findings. Patients
presenting without history in coma present a greater diagnogtic differentia which

includes brain stem stroke, drugs and metabolic problems and trauma requiring
appropriate diagnostic and therapeutic responses.

Theinitid emergency evauation includes the history and physical examination, an
electrocardiogram, chest x-ray, complete blood count, platelet count, prothrombin and
partid thromboplastin times, serum dectrolyte and glucose determinations. Erythrocyte
sedimentation rate, VDRL, arteria blood gas determinations, drug and acohol screens
are gppropriate in some patients. A noncontrast cranial CT scan should be performed on
an urgent bagis. In patients with atrangent ischemic attack (TIA) or cerebra infarction,
blood pressureis not treated acutely unlessthe systolic is at or above 220 or the mean
blood pressure > 130, respectively or if TPA isbeing consdered or has been givenin
which case more aggressive BP control is needed. Patients with heart failure or aortic
dissection may require treatment to control blood pressure. Blood glucose concentrations
should be maintained between 70 and 170 mg/dL. Supplemental oxygen is recommended
only for patients with hypoxia

Unless the patient has received TPA, | recommend administering aspirin as an acute
trestment in the ER. It islikdly to do no harm and there is some evidence that it may help.
Of course, many patients are dready on this drug when they arrive. But if not, one or two
giveneven before the CT is reasonable unless there is the chance of using TPA or an
experimentd trestment.

Recently, the ultra early use of aspirin has gotten aboost. Two large studies were recently
reported which looked at the use of aspirin in the setting of acute (presumed) ischemic
groke. The two were planned with the a priori analysislooking a both groups together.
The International Stroke Trid (IST) was alarge randomized open trid of up to 14 days of
antithrombotic therapy started within 48 hours after stroke. Half of the patients were
alocated to receive ether 5000 or 12500 U of heparin SQ twice daily and half were
assigned to no heparin. In afactoriad design, haf of these patients were assigned to
receive 300 mg per day of aspirin and the other half to no aspirin. They looked a deaths
at 14 days and dependency at 6 months as the primary outcome measures. A tota of
19,435 patients were randomized in 36 countries.

The resultsindicated asmall benefit for agpirin. Among aspirin treated patients there was
no sgnificant difference in early deaths (9 vs 9.3%); a 6 months there was atrend
toward fewer dead or dependent patients; after adjustment for basgline prognosis thiswas
sgnificant (2p=.03). Aspirin alocated patient has fewer recurrent strokes within 14 days
(2.8 vs 3.9 % with no increase in hemorrhage (.9 vs .8%). There was asmall but



sgnificant reduction in death or nonfatal recurrent stroke ( 11.3 vs 12.4%). Aspirin
without heparin had no increase in bleeding. Regarding heparin there were no significant
differencesin either desth or dependency (62%). Petients given heparin had significantly
fewer recurrent ischemia stroke within 14 days(2.9 vs 3.8%) but this was countered by a
amilar Szed increase in hemorrhagic strokes (1.2 vs .4%) so the total difference in death
or non fata recurrent stroke was not different (11.7 vs 12%). Compared with 5000 IU,
12500 1U BID was associated with significantly more fatdl or transfused extracrania
bleeds, more hemorrhagic strokes, and more deaths or non fata strokes within 14 days
(12.6 vs 10.8%). The study organizers interpreted this as asmal but sgnificant benefit
for aspirin and evidence that heparin was not helpful and that if used, the smdler doseis
preferred (Lancet 1997; 349:1569-1581).

The Chinese Aspirin Stroke Study (CAST) was alarge randomized placebo controlled
tria of agpirin treetment (160 mg/day) started within 48 hr after stroke continued for up
to 4 weeks. The primary endpoints were desth during the trestment period and desth or
dependence a discharge. In this study 21106 patients with acute ischemic siroke were
enrolled in Chinaat a mean of 25 hr after onsat of symptoms. They had 87% of patients
with an entry CT scan. There was aggnificant 14% reduction in mortality 3.3 vs 3.9 % (
2p=.04). There were sgnificantly fewer recurrent strokes (1.6 vs 2.1%) in the aspirin
alocated patients but a few more hemorrhagic strokes (1.1 vs .9%). There was adight
but significant reduction in the combined endpoint of death or nonfatal stroke at 4 weeks
(5.3 vs5.9%) (2p=.03) for a absolute difference of 6-8 per thousand patients (L ancet
1997;349: 1641-1649).

When the two trids are combined, the authors claim that aspirin is associated with a

smadl but define net benefit, with about 9 fewer deaths or non fatal stroke per 1000 in first
few weeks (2p=.001) and with 13 fewer dead or dependent per 1000 patients after some
weeks or months ( 2p=.01). While these sudies may lack the rigor of our own trids say,
for ingtance, the requirement that al patients have a CT before entry, they do indicate that
ASA seems not to be harmful and may be margindly helpful.

Recommended initid management of cerebra infarction

Obtain emergency computerized tomographic scan of the head.

Trest blood pressure if systolic 220 mm Hg or mean 130 mm Hg, or if heart
failure or aortic dissection.

Treat hypoglycemia or hyperglycemia (170 mg/dL).

Monitor cardiac function.

Treat with two adult aspirin acutdly unless patient is aready on aspirin or cannot
swallow.

My recommendation on heparin remainsto consider it in patients who are evolving, or
patients with minimal to moderate deficits with suspected large arteria disease or cardiac
sources of embolism. | recommend using anticoagulation if cardiac lesions, coagulopathy
or large artery intracrania including basilar artery stenos's are suspected only until



workup is complete and only if there is acceptable bleeding risk and after no blood on
cranid CT. Delay anticoagulation until review of second CT at 48-72 hoursin caseswith
large strokes with edema and mass effect. Anticoagulation should be started or continued
in cases with hemorrhagic conversion on CT only if thereisavery high recurrent
embolism risk. Checking aplatelet count 24-48 hours after sarting heparin is a'so a good
practice.

Monitor patients for increased intracrania pressure or seizures after large cortica
infarction.

Aggressively prevent aspiration, malnutrition, pneumonia, degp vein thrombosis,
pulmonary embolism, decubitus ulcers, contracture, and joint problems.

Begin mohilization early, unless bed rest is indicated.

Initiate early intervention for secondary prevention.

Educate patient/others on disease and cardiac comorbidity

The decisons and options are Smilar for the patient with stroke as for the TIA patient
provided the patient is not moribund or has very limited potentia for surviva. Specific
iSsues pertaining to other types of stroke will be briefly discussed below which will be
followed by a consderation of common problems occurring after stroke, especidly
cerebrd infarction.

The biggest issue that continues to ariseis the use of heparin acutdly in patients with

groke or TIA (Korczyn, A: Heparin in the trestment of acute stroke. In: Barnett, H,
Hachinski, V, eds. Neurologic clinics: Cerebra ischemia: trestment and prevention. W.

B. Saunders Company, 1992; 10(1): 209-217). The AHA pand concluded that the
available data did not allow any recommendation and that "the use of heparin remainsa
matter of physician preference”. The argument for its useisthat it may help prevent early
recurrent stroke or worsening due to propagation of thrombosis. The data are limited and
certainly do not indicate that heparin is effective; neither have studies been performed
which show that it is not effective or too dangerous to be considered. It isimportant to
note that there is very little data on ultra early secondary prevention treatment with
either anticoagulation or aspirin. Most trial using aspirin recruited patients 7 or more
day out fromtheir last event and cannot provide data on the effects of treatment in the
first few days when we know the least about the patient and our concerns are high.

There was recently more bad news for the advocates of using heparin. The TOAST trid,
which was testing the use of heparinoid in acute ischemic stroke within 24 hours,
reported that this therapy was not helpful when compared to placebo. The full results of
the trial have not been published.

Despite this recent data on heparin , if the patient is not in a research protocal, |
recommend treating the patient with TIA or minor stroke early with aspirin and after the
CT scan using heparin for dl but intracranid hemorrhage, mgor stroke, pure motor
hemiparess without fluctuation, or patients with obtundation and mass effect or a




contraindication. | discontinue the heparin unless the workup produces evidence for a
coagulopathy, cardiac source or intracranid high grade senosis. Therationdeisto
presume a high recurrence risk situation for the 48 or so hours it usualy takes to sort the
patient's risk factors and use both types of agents early but decide on long term
prevention treatment as soon as possible.

2.2.2 Experimenta Treatment of Stroke

Thrombolytic Agents. Data from the anima experimentation involving cerebrd ischemia
suggest alimited "therapeutic window™ of minutes to severa hours duration depending
on the conditions and the models used. While the limits of the window have not been
firmly established, these experiments have proven that delay lessens the chance of
recovery regardiess of the treetment employed. Current recommendations are that the
dinica evduaion and initid management of cerebral infarction be completed as soon as
possible but at least by sx hours from the time of onset. Six hours may be too long for
most Stuations and it should be viewed as an outside limit rather than atarget.

Many medica centers are participating in treetment trids of acute ischemic stroke. Two
major avenues of therapy now being tested involve ether attempted restoration of blood
flow, usudly with thrombolytic agents or protection of ischemic brain with so caled
"brain saver” or cytoprotective agents.(Biller, . Medicd management of acute cerebrd
ischemia. In: Barnett, H, Hachinski, V, eds. Neurologic Clinics: Cerebral ischemia
treatment and prevention; W. B. Saunders Company, 1992; 10(1): 63-85). Support of
these protocols be referral of patients and participation is crucid if answersto trestment
guestions are to be found. Agents now being tested include ultraearly use of
thrombolytics (more than 3 but less than 5 hours from onset of symptoms), brain saver
drugs including NMDA receptor antagonists and low molecular weight heparin like
agents (heparinoids). Thereis currently perhaps the greatest excitement over t-PA, a
thrombolytic agent. This "clotbuster” drug isintended to restore blood flow to brain. So
far only early pilot studies have been reported and have shown that intraarteria injection
of tpais associated with higher recandization rates that intravenous adminigtration.
Safety remains an issue; rates of parenchymatous hemorrhage have ranged from 4-11%.
The risk of hemorrhage goes up the later the treatment is administered.

Recent Experimental Trestment Approaches

Hemodilution (does not work)

Cacium antagonists (probably do not work)

Heparinoids (not effective)

NMDA receptor antagonists (toxic but still being tested)
free radicd scavengers (do not work)

t-pa ( being tested for use > 3 hours from onset)

anti-|ICAM (recently shown no to work and is even harmful)

Cytoprotective Agents. A complimentary gpproach to restoring blood flow isto dow
down the deleterious effects of ischemiausing a"brain saving" drug. A recent large sudy



using nimodipine, a cacium antagoni<, did not show improvement over control.
Currently, drugs are being tested which ether block the effects of excitatory
neurotransmitters (aspartate, gutamate) or work in ways that are not yet fully understood
(lubdluzale, citichaline). A low molecular weight heparin like agent was tested but was
found ineffective and aimmunologica goproach with an antibody to intracelular

adheson molecule (enlimomab) was found to be harmful, not helpful.

Standard care includes tregting coincident medica problems such as myocardid
infarction and eectrolyte abnormdlities, airway support, supplementa oxygen only in
hypoxic patients, and usudly no treatment of hypertenson unless BPis markedly
elevated (>130 mean or 200 systalic). Management of cerebral edemais important for
large cortical infarctions, especidly in young persons, and is accomplished by the usud
ICU based methods including graded application of hyperventilation, redriction of fluid,
especialy hyposmolar fluids, fever and pain control, osmotherapy, reduction in CBF by
anesthetic agents and/or intraventricular drainage.

2.2.3 Secondary Prevention with Aspirin, ticlopidine or warfarin

Medicd therapy for secondary prevention (after TIA or non disabling cerebra infarction)
relies primarily on aspirin. There have been severd large sudies which have shown,
depending on the endpoints selected, a modest (20-25%) reduction in stroke risk dthough
in some cases other endpoints must be combined with cerebral infarction to show
convincing benefit.

Aspirin (900- 1200 mg/day) produces an aggregate 22% reduction in non fata
stroke (meta-andyss).

The single study comparing low and high doses aspirin (the UK-TIA Study
Group-JINNP 1991;54:1044- 1054)) suggested no differencein efficacy between
300 and 1200 mg/day.

The optimal dose of aspirin is debated. High dose (1000- 1200 mg/day) should probably
be cdled "standard dose’ since most older studies used thisleve of aspirin. Recently,
three large trids have confirmed the benefit of different, lower aspirin doses but the
experts still debate the recommended dose. It is clear however, that lower doses are less
gadtrotoxic and many recommend a single 325 aspirin/day. Dipyridamole has been tested
severd times and adds nothing to aspirin. In the single trid in which it was compared to
placebo it showed no benefit.

Ticlopidine

Inhibits platel et aggregeation induced by adenosine diphosphate
Does not inhibit cydooxygenase



Now indicated for aspirin intolerant or aspirin failure TIA and stroke patients to
prevent stroke

Ticlopidine hydrochloride has recently been approved for stroke prevention. It has an
antiplatelet action thet is diginct from that of aspirin. It's use was confirmed in two large
Sudies.

Ticlopidine Aspirin Stroke Study

Compared 500 mg Ticlopidine with 1300 mg Aspirin in 3069 patients with recent TIA or
non disabling stroke;

Reaults: 12% reduction in nonfatal stroke or death and 21% risk reduction in stroke; side
effectsincluded: diarrhea 20%, skin rash 14% and severe but reversible neutropenia
(<1%)(NEIM 321:501-507, 1989)

Canadian American Ticlopidine Study

Compared 500 mg ticlopidine with placebo in 1072 patients with recent ischemic stroke;
endpoints were stroke, myocardia infarction or vascular death;

Reaults: Ticlopidine associated with areative risk reduction of 30%; Sde effects skin
rash, diarrhea and neutropenia (severe in about 1%)(Lancet 1988;ii:1211-1220).

It isimportant to follow the recommendations to check a CBC every two weeks for the
first 3 months since neutropenia does occur and can be significant.

Options for Therapy

Aspirin (at least one adult per day)

Ticlid 250 mg bid

Warfarin (INR 2.0-2.5)

Dipyramidole 50 mg TID (use only if cannot teke asa or ticlopidine)
Carotid enterectomy

Risk Factor Management and Education for Patient and Family (everybody
should get this)

2.2.4 Prevention of Medical and Neurological Complications
Blood Pressure. As mentioned above do not lower the blood pressure acutely. Treat only
if blood pressureis very devated (> 130 mm Hg mean or 220 systalic) or if another

crigs, such as heart failure or aortic dissection exigs.

Fuids Intravenous fluids are usualy needed during the first 2 days. Hypotonic fluids
should be avoided because they may worsen intracranid pressureif it is elevated. Most



adults require 75-100 cc/hr of fluids until the ord intake can be etablished. Avoid
putting the IV in a pardyzed arm.

Activity/Mobility. There are only three indications for bed rest in this setting: severe
angina, deep vein thrombosis (before anticoagulation) and posturd ischemia, which may
be seen with large artery carotid or basilar disease. These Stuations can usudly be
detected s0 bed rest, if it is used, should ordinarily not exceed 24 hours. Frequent turning,
passive range of motion and use of at least an egg crate type mattress are recommended
from the outset. Mobilization into a chair or ambulation should be done as soon as

possible.

Diet, Feeding and Swalowing. The need for nutritiona support needs to be bal anced
with the concern for aspiration which may produce a pneumonia which complicates up to
10% of stroke cases. A decison about ord intake is often not difficult but in al cases
should be made within 48 hours of admission, providing that 1V fluid support is adequate
for thefirst 2 days. Patients who should be considered high risk for aspiration problems
have one or more of these features:

bilateral or large unilaterd hemispheric lesons
brainstem stroke

coughing and choking during Spping of water
prolonged time required for feeding

obtunded or stuporous condition

dysphonic voice

Gag reflex isnot ahdpful Sgn. The best way to detect swalowing difficultiesiswith a
"modified barium swalow" (MBS) test with video recording. However, it is unclear how
many patients benefit from getting thistest. | recommend close bedsde observation
followed by atest with 3 oz of water with a one minute observation afterwards for
coughing or apost swallow "wet hoarse" speech. If suspicion perdstsa MBS isindicated.
Speech thergpy may help with swalowing training as does Stting the patient in achair

(not upright in ahospita bed) and dight head flexion. If tube feeding is required it should
be continued for 2-3 weeks before a decision for a PEG is made unlessit is obvious that
one will be needed (asin severe brain stem stroke).

Prevention of Medica Complications. Pneumonia accounts for about 30% of the
mortaity from stroke. Aspiration has been discussed above. Most pneumonia after stroke,
however, are not are not caused by aspiration S0 it may occur in any stroke patient who is
immohile despite tube feeding. Aggressive treatment is recommended for most cases.

Cardiac disease accounts for a Sgnificant number of the deaths associated with stroke but
whether this represents a kind of obligate comorbidity or a cause-effect rdationship is
unclear.(Love, B, Biller,J.,.Grover-Mckay, M., Rezai,K: Prevalence of coronary artery
disease in patients with cerebrovascular disease. Stroke 1991;22:126.) Large ischemic
strokes and subarachnoid hemorrhage can produce transent ECG changes such a



repolarization phase abnormalities including peaked T waves, inverted T waves and
prolonged QT intervals. Massive stroke can be associated with a peculiar kind of
myocardid injury caled "contraction band necross’ which is diginct from myocardia
infarction but which may cause sgnificant dysrythymia. Extended ECG monitoring is not
recommended for dl stroke patients but isincluded in some stroke units. For those with
abnorma ECG or ahistory of sgnificant heart disease it isagood idea. Large ischemic
stroke and subarachnoid hemorrhage patients should be in an intensive care unit.

Prophylactic heparin or low molecular weight heparins or heparinoids are strongly
recommended for patients with immobility. Intermittent compression devices are an
dternative for those who cannot take heparin but stockings have not been shown
effective.

Urinary tract problems including incontinence are common after stroke. Initidly al

stroke patients except those with very minor symptoms should get indwelling catheter
until their propengty for urinary retention has been assessed. The Foley catheter should
be removed after 2-3 days at the most and the patient monitored for bladder distention.
Before removd aurine andyss C and Sis recommended; colonization without signs and
symptoms of infection does not require trestment but he data on the urine will be useful if
infection is sugpected in the early days after stroke. Catheter clamping is not
recommended. If urinary retention is an issue intermittent cath with recording of the
amount of urine and increasing the interva between catheterizationsis amethod of
determining therisk of retention. If after Foley removal the patientsis voiding
spontaneoudy the next step is to measure the post stroke residuas which if over 100 cc
would prompt a search for a cause for retention such as anticholinergic, feca impaction,
prostate enlargement and/or the use of medications to stimulate bladder contraction. If
after remova the patient is not voiding a program of intermittent cath should be
undertaken (frequency every 6-8 hours) and volumes monitored to keep them less than
400-500 cc.

The management of neurogenic bladder after stroke is complex and involves the use of
measurements of post void resduds and intermittent catheterization aswell as

medications. The basic problem isto determineif the patient is having more problem

with storage or discharge of urine and use appropriate measures and medications to
manage the issues as well as possible. The reader isreferred to two issues of Stroke-
clinical updates, Volume 1V (issues 3 and 4) which are available from the Nationa

Stroke Association (303 771-1700) for a detailed discussion of management of the stroke
patient with urologic problems.

Frequent turning at least every two hoursis usudly sufficient to prevent skin breakdown.

Prevention of Neurologicd Complications. Brain edema complicates large MCA
distribution stokes and does not become maximal for 3-5 days. Y oung patient without
sgnificant atrophy are a particular risk for severe problems for increase ICP. No routine
measures are recommended for mild to moderate edema with less than 2mm midline shift
other than basic measures such as treating fever and pain (which increase ICP) and



avoiding hypotonic fluids or hyponatremia which causes the normd brain to swell and
may aggravate |CP problems (Williams, M, Hanley, D: Intracranid pressure monitoring
and cerebra resuscitation. In: Grotta, J, eds. Management of the acutely 111 neurologca
patient; New York: Churchill Livingstone, Inc., 1993: 49-74). If more therapy is needed,
the patient needs specidized neuro ICU care for hyperventilation, osmotherapy reduction
in cerebra blood flow and possibly surgery for either ventricular drainage or remova of
infarcted brain.

Seizures are uncommon after stroke. Treat seizures using established medications such as
phenytoin but prophylactic medication is not indicated. | usudly keep the patient on
medications even after one saizure for the rest of therr life dthough recurrence rate varies
widdly in the literature and stopping the medication after a seizure free period could be
considered.

Serid lumbar punctures are an option only for the hydrocephalus that often complicates
subarachnoid hemorrhage. LP may be dangerous in large foca lesons. Surgical

consultation should be obtained when CT shows increasing ventricular size. It is

important to note that acute hydrocephalus may cause a rapid deterioration of some
patients and CT monitoring of some lesion, particularly those that impinge on the area of
the 3rd ventricle may be needed.

Converson of aso cdled "bland” infarct into one with CT evidence of hemorrhage
occurs at least 10-30% of the time usudly by the third week after infarct but isrardly
accompanied by neurologica worsening. Thereis no reason to monitor heparinized
patients with serid CT unlessthereisaclinica change. Neurologicd worsening is
associated with clot formation on CT with mass effect rather that so cdled "gyrd”
hemorrhage pattern which if limited probably poses little risk even if anticoagulation is
used. Patients who develop hemorrhagic converson to any degree should be taken off
heparin unless a strong case is made for their high recurrence risk outweighing whet is
probably aread but unclear additiona risk of clinical deterioration if heparinis
mantained (Hart RG,Easton JD: Hemorrhagic infarcts. Stroke 1986;17:586-589).

2.2.5 Chronic Care I ssues

Rehabilitation, who should get it? Families often want and expect extensive rehab for all
family members with stroke but the resources should be used judicioudy when thereisa
reasonable expectation of benefit. Virtually al stroke patients except those who are
moribund should receive passive range of motion activities, those who are awake should
a0 recaive an assessment of early mohility issues epecidly ability to transfer (whichin
the early phase is more crucid than ambulation) and thergpy directed to maximize this
activity. The most important factors to be considered when contemplating aformal rehab
program are:

medicd stability
nature and extent of functiond disdbilities
ability tolearn



physicd activity endurance

The referrd criterialisted in the Agency for Hedth Care Policy and Researchregarding
Post Stroke Rehab: Assessment, Referral and Patient Management are reasonable and are
quoted from their publication 95-0663, May 1995. A copy can be obtained free of charge
by FAX by cdling their number from a phone with a receiver to 301 594-2800 24
hours/day.(This actualy works.)

1. Patientsare potentia candidates for forma rehab they have one or more
sgnificant disabilities, are a least moderately stable medically, are aleto
learn, have enough physical endurance to st supported for one hour and
are able to participate to at least some extent in active rehab treatments.

2. Patientsare candidates for an interdisciplinary rehab program if they meet
the above criteriaand dso have sgnificant disabilitiesin a least two of
the following areas. mobility, basc ADL, bowe and bladder control,
cognition, emotiond functioning, pain management, swalowing or
communication.

3. Paientswith only asingle area of disability are candidates for individud
rehab but do not require amultidisciplinary program.

4. Pdatientstoo impaired to participate in rehab should receiver gppropriate
supportive services and their families should receive thorough education
regarding their care.

Some patients may not be candidates for rehab at first but can benefit after they have
made sufficient recovery. Patients who are referred for intensive interdisciplinary rehab
need to be able to tolerate at least 3 hours of physically demanding rehab activity every

day.

Depression/other psychiatric disorders. The prevaence of depression in stroke has been
estimated a 10-30% in the acute phase but increases to 20-40% at one year. | have come
to believe it is greatly underdiagnosed and represents a lost opportunity to improve or
speed patient recovery. In addition to the usud DSM features of depression in the post
stroke setting a diagnosis of depression should be considered:

if the patient appears persstently depressed
there is evidence of diminished interest in activities and aloss or dowing of
rehabilitation progress

Trestment has been shown in randomized double blind placebo controlled studies to
improve depression scores and perhaps speed rehabilitation. Treatment with nortriptyline
at doses of up to 100 mg per day ( g haws) building up the dose over 4 weeks. Trazadone
has al'so been used. Probably any agent that works generally can betried if these do not
work or cannot be tolerated. Less common problems that may be encountered after stroke



are mania, pathologica emotiondism, anxiety and multiinfarct dementia(Morris, P,
Robinson, R: The psychiatric consequence of strokes, including postsiroke depression;
In: Adams, H, ed. Handbook of cerebrovascular diseases, New Y ork: Marcel Dekker,
Inc., 1993: 637-654.)

Pain. The two pain syndromes of note are the thalamic pain syndrome which results
from stroke in the ventral posterior portion of the thalamus and the so called shoulder
hand syndrome. The former syndrome appears subacutely after stroke and involves
dysesthetic type pain in the opposite extremities and often truncal areas which are usudly
to some extent hypesthetic. Symptoms may be triggered by emotiona upset. Tricyclic
antidepressants are often helpful and should be continued for at least 8-12 weeks but may
be needed longer. The other syndrome is thought to be atype of reflex sympathetic
dystrophy that occursin patients with paretic arms but in my experience it is now quite
rare. It is said to respond to sympathetic block. Good positioning and rehab probably
prevents this condition.

Spadticity. Although spadticity is common in the months after Sgnificant hemiplegiait is
unusud for the patient to be given medication for this condition. The medications work
best on spindl cord related spadticity. The firgt line medications including baclofen and
diazepam have centrd sde effects which make them unattractive for ederly patients. The
most effective is the muscle targeted agent dantrolene which has arisk of hepatoxicity.
Overdl local measures such as passve ranging on aregular basis and trestment of any
cause of pain are the mogt practica and have the fewest Sde effects. Botulinum toxin has
been used but thereis no systematic experience. Despite its high cost | havetried it for
lower extremity ankle inverson with little evident success but there may be arole yet
identified. | am not aware of intratheca baclofen, which is used for severe spind
padticity, being used for brain stroke spadticity.

Joint problems. These can be minimized by good rehab but are hard to prevent
completely. Surgica release of contracture may be needed if the problem is severe.
Severe ankle spadticity can lead to problems which may require motor blocks or surgery
but otherwise the limitation of motion at the joint is not amgor issue. Pain however may
result and will require managemernt.

Driving after stroke. Although strokeis not specifically consdered in most satesin
driving regulations, some countries eg. United Kingdom) restrict driving for atime after
stroke and require assessments to evaluate fitness for operating acar. There are specific
stroke related conditions which prohibit driving in some states, such as hemianopia and
epilepsy. Savere hemineglect should also be congdered. Relative contraindications such
as marked memory loss, poor concentration and severe gphasia should be factored in. In
the long run we are often caught between wanting to keep our patient involved in society
and protecting them and other from harm. It is suggested that:

the patient and family members be questioned together about their perception as
to the stroke survivor's driving capability



if driving is an issue and there is any sgnificant imparment the patient should be
counseled to inform their insurance carrier and to contact the Dept of Motor
Vehiclein their areaand discuss what must be done to retain avaid license after
stroke.

the next step is usudly to have their driving assessed by one of these commercia
driving assessment services which will use actud testing. They will for afee do
the testing and provide the results to the Dept of Motor Vehicles.

document your advice to the patient and family.

Sexud function after stroke. Perhaps the best general advice for the physician, patient

and family except to have a positive attitude toward adjusting rather than assuming that
sex isout of the question and to create an environment where patient can ask questions or
send them to someone with whom they may be more comfortable discussing these issues.
| particularly recommend the AHA FAMILY Guide to STROKE: Trestment, Recovery
and Prevention which can be obtained through their loca or Sate effiliate of the AHA or
by cadling 1 800 AHA-USAL. Both the AHA and the National Stroke Association have
patient oriented newd etters and 800 numbers (NSA # 800 787-6537). | recommend
hooking up dl your stroke survivors and their families to these resources to help them

best recover from stroke.

2.3 Embolism from the Heart and Aorta

This stroke subtype accounts for up to 20-25% of stroke. For this discussion cardiac
source embolism will be emphasized. The most common cardiac causes include: atria
fibrillation; vavular heart disease (including mitrd vave prolgpse); murd thrombus
(post-MI); other (intracardiac tumor, etc). A venous source of embolus may produce
arterid embolism by a"paradoxicd” route through a patent foramen ovae.

Cardiac Causes of Cerebra Embolism

Vavular disease
Dyshythmias
Disorders of the Cardiac Wall and Aorta

CT/MR patterns. smdl cortica branch or mgor vessel occlusion with early hemorrhagic
change,Angiography: occluded vessdl(s) in isolation without generdized evidence of
atherosclerosis

Clinical evauation often suggests aorupt symptom onset; there is a higher incidence of
early onsat seizures and hemorrhagic infarction on CT. CT/MRI patterns include a“"major
vesse occlusion” or awedge shaped "corticd branch occlusion” picture of infarction.

The latter is congdered by some to be inferential evidence of an embolic stroke.
Angiography rarely shows a branch occluson unlessit is performed within 48 hours of
symptom onset. Dida field or "watershed" patterns are possible but less likely.

2.3.1Vavular Discase



Some of the important causes of embolism from vavular diseese are:

Rheumatic mitral disease - 3% stroke/yr 30-65% will have recurrent stroke;
Risk increases (4x) if combined with atrid fibrillation

Mitral incompetence associated with alower risk for siroke

Cdcific aortic senosis less clearly reated to Sroke risk

Mitra Annulus Cdcification (MAC): may be asgnificant strokerisk in patients
over 60 years - also may predispose to (endocarditis)

Bacteria and non bacteria endocarditis

Mitrd Annulus Cdcification(MAC)

Prevdence of MAC in the Framingham study was 10.3% for men and 15.8% for women
among 1159 subjects who were entered with echo and no stroke history. In 8 years of
follow up, multivariate analys's showed that MAC was associated with ardative risk for
stroke of 2.10 (1.24 to 3.57) independent of other more traditiond risk factors. Risk
perssted (RR = 1.78) when considering only ischemic strokes and accounting for age,
gender, SBP, diabetes, smoking, A FIB, CHF and coronary artery disease.(NEM,
Benjamin, et d, Vol. 327 (6) August 8, 1992).

Mitral Vave Prolgpse - "association” in young patients is strong;

MVP: found in 5-10% of background population but also associated with
connective tissue diseases (Marfan's, Ehlers-Danlos, pseudoxanthoma e asticum);
MVPisasgnificant "cause" of stroke in young persons - but risk of strokein
generd islow (1/6000)

Marantic Endocarditis DIC, AIDS, mucin secreting tumors such as
adenocarcinoma of lung, pancress, colon; hypercoagulable states
Bacterid endocarditis. seen with abnorma substrate and 1V exposure

15% have cerebral embolism, 5% mycotic aneurysms (MCA, digtd, multiple);
anticoagulation usualy not recommended for mycotic aneuryams; surgery only if
they expand despite antibiotic Rx;

Strep viridans, Group D and Staph aureus are the usua agents,

Risk for stroke greater with mechanical than prosthetic valves, and higher for
mitral (3-4%/yr) than aortic (1.2-2.2%/yr); mechanicd vave patients are
anticoagulated; +/- added aspirin

2.3.2 Dysythymias

Atrial fibrillation(AF). Prevention of strokein AF represents the most well established
use of anticoagulation in neurology. AF increases the risk of stroke five fold.
Nonvavular atrid fibrillation is common being observed in 2-5% of persons over 64



years of age. Although the presence of AF identifies patients at risk for stroke, whether
prophylactic long term anticoagulation is warranted in the absence of embolism remains
in debate. It is clear that aspirin provides overal greater benefit in some patients because
it poseslessrisk.

Once an embolic stroke has occurred, early recurrence has been estimated to be as high as
15% in the first 2 weeks and anticoagulation is the standard of care. Anticoaguleation may
reduce this recurrence rate Sgnificantly and the only issue iswhen to dart
anticoagulation. Chronic anticoagulation has been advocated for suitable candidates
following submaxima AF associated stroke but concern for early hemorrhagic
converson has led some to withhold anticoagulation for 48 hours until arepeat CT can
be performed. If the CT shows alarge infarct with mass effect or hemorrhage
anticoagulation is deferred. However, some disagree with this gpproach and argue that
anticoagulation can be safely administered in the face of hemorrhagic conversion of an
infarct. The literature contains examples of both good and bad outcomes with
anticoagulation in this setting but no conclusive data. My recommendation isto be
withhold heparin if the CT shows hemorrhage unless you document a particularly high
recurrence risk and indicate that you think heparin is worth the risk.

Atrial Fibrillation - 5X increase in stroke risk Recurrent stroke risk 15% within the first
2 weeks after cerebra embolism; risk is not confined to the period just after AF onset;

Chronic Sinoatrial Disorder - definitions and estimates of stroke risk vary but its stroke
risk may be 10% or more (note: sinoatrid disorders found in Friedreich's ataxia,
myotonic and limb girdle dystrophy);

PVC's, ventricular tachycardia- no increased risk has been established.

A-Fib Recent Clinicd Trids

AFASAK (Lancet 1989 I: 175-179)
BAATAF(NEIM 1990;323(22):1505-1511)
SPAF | (Circulation 1991, 84:527-539)
SPINAF(NEIM 1992;327:1406-12)

SPAF Il(Lancet, 1994 vol 343: 687-691)
SPAF 111 (Lancet, 1996; 348: 633-638)

The AFASAK study compared anticoagulation with Warfarin to 75 mg. per day aspirin
or placebo in over 1200 patients with atrid fibrillation in arandomized, controlled trid.
They were followed for 2 years and the endpoints of stroke, TIA and other
thromboembolic events (viscera and extremities) were compared. Endpoint occurrence
was sgnificantly lower in the Warfarin group compared to either aspirin or placebo. Of
335 patients who received warfarin, therapy was discontinued in 23 due to side effects,
al non-fata; two of these had malignant and 7 had inflammeatory conditions discovered
after bleeding while on warfarin. These results provide the strongest evidence to date that



prophylactic anticoagulation in arid fibrillation can safely reduce thromboembolic
complications and should be strongly considered in such patients.

The Boston Area Study, BAATAF compared warfarin vs. other therapy (40% on aspirin,
60% placebo). They found a significant benefit from warfarin. The Stroke Prevention in
Atrid Fibrillation (SPAF) was in the process of examining the relative benefits of

Warfarin vs. aspirin (325 mg/day) vs. placebo when the study was stopped because those
in the placebo arm were having more strokes. The study continued (as SPAF 1) to settle
the question of whether warfarin was sgnificantly better than aspirin for stroke
prophylaxisin AF.

The SPINAF was a randomized, placebo controlled trid using warfarin in 571 men with
chronic non rheumatic AF. It dso found a sgnificant benefit for warfarin over placebo.
The SPAF |1 Study did not redly settle the issue. The study compared aspirin and
warfarin in two pardld randomized tridsinvolving 715 patients aged 75 years or less

and 385 patients over age 75 years. In the younger group warfarin decreased the absolute
rate of primary events(ischemic strokes and systemic embolism) by .7%/yr (1.3% vs
1.9%). Among older patients warfarin decreased the absolute rate of primary events by
1.2%lyr ( 3.6% vs 4.8%). However the overdl rate of any stroke with resdua deficit, a
measure which included cerebra hemorrhages, was 4.6% with warfarin vs 4.3% with
aspirin indicating that hemorrhages more than consumed the margind benefit found for
ischemic stroke. In SPAF 111, the investigators compared adjusted dose warfarin (the way
it isusudly given) to fixed, low dose warfarin plus aspirin for primary prevention of

groke in patients with afib. Although the use of low dose warfarin, given a adose just
auffident to bardy move the INR, but not enough to require checking INR regularly, in
combination with aspirin seemed like agood idea it did not work. It was necessary to get
the INR to at least 1.5-1.9 before achieving any sgnificant stroke reduction (Lancet,
1996; 348: 633-638) o that this idea has now been abondoned.

In summary, patients with AF but without a history of stroke should be on at least aspirin
325 mg aday, and warfarin provides better protection unlessthe patient is a high risk for
hemorrhage. The differencesin stroke risk within AF based on certain other risk factors.
On the one hand a patient with "lone AF" has alow risk, less that 5%/yr and, pending
better data, should be on aspirin. The patient with hypertension, a poorly functioning left
ventricle and a previous thromboembolism has amuch higher risk (>10%/yr ) and should
be on warfarin.

Recommendations from the American College of Physicians (Guidelines for Medical
Treatment for Stroke Prevention. Ann Intern Med 1994;121:54-55): " Warfarin isthe
drug recommended for patients who are candidates for anticoagulation. However,
patients younger than 60 years without specific clinical or echographic risk factors have
alow risk for stroke and do not need treatment with warfarin. To achieve an acceptable
benefit torisk ratio, it is crucial to carefully monitor the intensity of anticoagulation
based on INR, aiming for a ratio approximately between 2 and 3."

Atrid Fbrillation and Stroke



Average 5% per year stroke risk which is 6X above basdine;

2/3 of strokes believed to be embolic from the heart;

Recent studies show 4 - 7%/yr overd| stroke risk and a spectrum of risk based on
clinicd characterigtics,

SPAF: 568 control patients, risk varied from 2.5 to 17.6% depending on the
number of risk factors;

From SPAF:- Recent CHF, HBP, Previous thromboembolism

Risk factors are additive.

From SPAF: Echo Data

- LV dysfunction; left atrid size

2.3.3 Disorders of the Cardiac Wall and Aorta

In this category are included mura thrombi, ventricular aneurysms, cardiomyopathies
resulting in adilated chamber and patent foramen ovae alowing paradoxicd
embolization. The most important of these is murd thrombus after myocardid infarction.

Myocardid Infarction (M1): stroke occurs usudly within 4 weeks after M-
highest risk iswith large, transmurd anterior and anterolaterad Ml

high-incidence of thrombi either by echo (18-30%) or path (35-60%) but much
lower dlinica incidence of embolism;

incidence of in hospital stroke with M1 is about 1%

anticoagulaion isindicated in the presence of |eft ventricle thrombus after Ml

|eft ventricle aneurysms do not justify anticoagulation

aspirin reduces the risk of stroke after Ml

treatment of MI with TPA and APSAC but not streptokinase is associated with a
higher incidence of stroke (1.35%) due to hemorrhage( see Hess et d. Neurologic
Clinics 1993;11(2):399-417)

dilated cardiomyopathy has a 1.4-3.5%/yr risk of stroke

2.34 Cadiac Indications for Aspirin and Warfarin

Mogt patients with known cardiac disease including anginaand myocardid infarction
should be on aspirin to prevent recurrent M1. Warfarin is usudly reserved for patients
with savere valvular diseese or atificial heart valves.

2.3.5 Cardiac Comorbidity

It isimportant to discuss Cardiac Comorbidity. Thisterm refersto the fact that patients

with ischemic stroke (and most with TIA) have a high probability of aso having coronary
artery disease. Studies examining this question have found as high as 50% of TIA and




elderly ischemic stroke patients have evidence of CAD on noninvasive testing which can
detect myocardid ischemia

Stroke patients have a greater chance of dying from an Ml in the five years after
becoming symptomatic than from arecurrent stroke. It isimperative, then, to look hard
for high cholesterol, unstable angina, unrecognized M, etc. in these patients. The
management of asymptomatic CAD is as controversid asthat of asymptometic carotid
disease. But at least patients can be identified, counseled asto their risk and asto
recognition of angina symptoms, etc. Calcium antagonist might also be used in some
patients. Smoking cessation and a cholesterol < 240 are essential.

Studies of patientswith TIA, asymptometic bruit or stroke demonstrate about a
5%lyear risk of cardiac death.

2.3.6 TEE/Paradoxica embolism

Transesophageal echo (TEE) is superior to trangthoracic in the detection of |eft atria and
atria appendage thrombus, patent foramen ovale, atria septal aneurysm, spontaneous
echo contrast ("Smoke"), and myxomatous MV degeneration. The degree to which these
entities contribute to the risk of cerebrd infarct remains to be established. TEE isusudly
reserved for younger stroke patients in whom other testing including transthoracic echo
has not resulted in alikely candidate mechanism for stroke.

Patent Foramen Ovale - may be a potentia source of emboli but it is seen in 17% of
otherwise normal folk and the risk for stroke is not clear. The prevalence of PFO has
been reported to be much higher in "cryptogenic” stroke than in cases with other more
common risk factors suggesting that it may be an important underrecognized cause of
stroke. While PFO is easily detected with echo or Transcraniad Doppler techniques the
diagnogis of a paradoxical embolism (due to PFO) is difficult and is usudly proposed in
the patient without a clear cause of stroke who has other evidence of venous clots usudly
in the legs. (See:Cardiac Brain Embolism: Incidence, Varieties, Treatment, Streifler,
Furlan and Barnett, in Stroke: Pathyphysiology, Diagnoss and Management, Barnett,
Mohr, Stein and Y atsu, eds, Churchill-Livingstone, 1992, pp.967-994)

Aortic Arch Atheroma

ulcerated plaques were present in 26% of 239 patients with cerebrovascular
disease at autopsy compared to 5% of 261 with other neurologic disease
adjusting for other causes aortic arch ulcerated plagues seemed to exert an
independent risk especialy in patients with no other obvious cause for sroke
another reason to get aTEE

(Amerenco et a., NEIM 326(4): 221-5, 1992)



2.4 Lacunar Stroke
2.4.1 Risk Factors/ Pathogenesis

Attention to thistype of stroke as a separate entity is due to the work of C.M. Fisher. The
desgnation"lacune’ refersto small, subcortical infarctions, usudly lessthan .5 cm
produced by occlusion of either one or severa penetrating lenticul ostriate arteries (from
the MCA) or thdamoperforant arteries (from the basilar termination or PCA). The
pathology of arteries o affected is described as "lipohydinoss' or “fibrinoid necross' of
penetrating vessas dthough microatheroma may dso play arole.

Hypertension, and to a much lower extent, diabetes mellitus are the key risk factors. No
clear cut racia predominance has been demondtrated. CT is positive in about 40-50% of
cases. Better sengtivity is seen with MRI. A number of clinicd "lacunar syndromes
"have been described:

pure motor hemiparesis (face, arm, leg): interna capsule (posterior) corona
radiata, other aress,

pure sensory stroke (arm, leg, face and trunk): thalamus (ventral pogterior);
ataxic hemiparess (Ileg weakness, arm and leg ataxia): pons,

dysarthria-clumsy hand syndrome (upper limb dystaxia, dysarthria, weakness,
may aso have facid weakness, and dysphagia): interna capsule (anterior), pons,
movement disorders (hemichorea; hemibalism, dystonia): caudate, subthalamus,
sensorimotor (rare, sensory may be of the hemibody pattern): border of the
internd capsule and thalamus.

2.4.2 Management

Lacunar stroke is best prevented by good blood pressure and serum glucose control.
Many physcians treat patients with lacunar stroke with aspirin or ticlopidine for
prevention of recurrent stroke athough the efficacy of trestments have not been
separately evauated for this type of stroke compared to other mechanisms. It is clear that
patients with lacunar stroke have alower risk of desth, recurrent siroke, carotid stenosis
and cardiac source of embolism (CSE). An important operationa issue is whether this
risk of carotid disease and CSE is so low that looking for it isawaste of time. n
reviewing this question | found data from severd series that indicates amuch lower risk
of carotid stenosis, 3-17% vs 37-65% for other subtypes combined, but the prevaence
rateis ill over 10%. The likeihood, in my opinion is dill high enough that awork up
with ultrasound is reasonable in most patients with alacunar type presentation. Likewise,
3 sudieslooking at the prevaence of CSE in lacunar vs other subtypes showed lower
rates, 10-15% vs 20-35%. Again, dthough lower the prevaence may not be negligible
and consderation for at least a transthoracic echo should be given for most patients with
lacunar sroke. Another very interesting issue is whether patients with lacunes are
destined to have only more lacunes or other stroke subtypes. Thiswas looked at in the
Dutch TIA/Stroke trid and at the Mayo clinic (Sacco et d, 1991). Both reportsindicate
that aminority of recurrent strokes, 28 and 17%, are lacunes and the rest are other



subtypes. So it gppears that patients presenting with lacunes have or will develop other
potentiad stroke etiologies in many cases and a respect for this fact should guide workup
and managemen.

2.5 Intracerebral Hemorrhage (ICH)

This entity refersto direct bleeding into the brain substance. The biggest risk factors are
hypertension (90%) and ora anticoagulants (9%). Diabetes and cholesterol are not strong
risk factors. Bleeding has been attributed to rupture of smal vessals weakened by years

of hypertenson.

Intracrania Hemorrhage/ICH

Putamen (50%), lobar, thalamic, cerebellar, pontine (10-15% each)
Smadl vessd pathology; coagulopathy; drugs

Indications for angiography based on clinica setting and CT
Management: reverse coagulopathy, treat mass effect

Do not abruptly lower blood pressure if mass effect is present

WHEN THE CT SHOWS BOTH SUBARACHNOID AND INTRAPARENCHYMAL
HEMORRHAGE:

**|t is safer to assume that a ruptured aneurysm caused intracerebral extension with
minima subarachnoid blood than it is to ascribe the subarachnoid blood to a
"hypertensve' hemorrhage.**

2.5.1 Risk Factors

Hypertenson is the primary risk factor (along with age) for ICH. ICH dueto
hypertension is characterized by the lack of atendency to rebleed. The clinica pictureis
digtinguished from cerebrd infarction by a higher incidence of headache, nauseaand
vomiting and lethargy. Diagnosisis readily made by CT.

2.5.2 Clinica Presentation/ Prognosis

Petients present with acute or subacute onset of focal symptoms often with the history of
a headache. The headache typically is not as sudden as that of subarachnoid hemorrhage
and may be morefocal.

Prognogtic Factors

a) Clinicd condition on admisson

b) Size, depth and location of hematoma
¢) Pined cddification displacement on CT
d) Ventricular extenson of blood



€) Hydrocephalus

2.5.3 Location

Anatomic locations in arough order of frequency are: putamen, lobar, thalamic,
cerebdlar, pontine, other.

2.5.4 Management

Management involves identification of cause, epecidly if atreatable coagulopathy is
involved and treatment of the patient for the mass effect created by the lesion. Except as
noted surgery is usudly not performed but use of ventricu ostomies to control |CP may
be helpful in salvageable cases with extensve mass effect. The prognosisisreated to the
gze and location of the clot. In generd, surgery for putamina hematomas has been
consdered only for nondominant hemisphere lesions of such asize asto threaten
aurvival. Proponents of evacuation of putamina bleeds have so far failed to show that the
surgery resultsin more high level survivors. In contrast, remova of lobar clotsis
accomplished more easily but is often unnecessary as the increased intracrania pressure
can be managed non surgically. However, in some cases remova of tempora or frontal
hematomas, especidly when they are in the non dominant hemisphere, is advocated to
increase survivorship without adding measurably to the morbidity.

2.5.5 Specid Etiologies and Situations

Causes other than hypertension that need to be considered: small AVM's, drug abuse
(more often lobar than putamind), cerebra amyloid angiopathy (*congophilic
angiopathy", usudly affecting older patients, tending to be lobar in posterior parieta or
occipital regions), tumors, anticoagulant and thrombolytic drugs and coagul opathies,
severe pain or cold exposure and the hyperperfusion state after carotid enterectomy.
Angiography is used in cases involving drug abuse, absence of hypertenson or when CT
appearance of the bleed is atypica suggesting aneurysm or arteriovenous maformation.

Amyloid or congophilic angiopathy, isdinicaly characterized by recurrent lobar (mostly
parietal and occipital) hemorrhages in the ederly (sometimesin the absence of HBP).
There are familia forms occurring in lcdland and the Netherlands. The process involves
amyloid deposition in smdl, leptomeninged arteries producing thickening of the vessdl
media Clinicaly, the hemorrhages are often symptomatic but unrecognized small
infarctions have been noted at autopsy. (See the NEJM Case Record of Vol. 318 (10),
March 10, 1988 for a discussion by C.S. Kase and J.P. Vonsattel.)

Amyloid Angiopathy

Sporadic and familid forms
Rdaionship to Alzhemer's



Pathologica Spectrum
= | obar hematoma
= |nfarction
= White matter disease
= Senile plaguesitangles

Clinicd spectrum
= Hemorrhage (ICH, SAH, SD, IVH)
» Infarcts
=  Dementia (40%)

Two specid 1CH stuations merit specific discussion:

Cerebellar Hematoma represents a neurological/neurosurgical emergency in which the
outcome greetly depends on the initid recognition and management. Symptomsinclude
sudden occipitd headache with nausea and sometimes ataxia. Cranid nerve, motor
findings and abnorma reflexes may be absent. The hematoma may be relatively well
tolerated until edema produces sudden deterioration from brain stem compression a
which time surgery may be too late. Diagnosisis made by CT and patients are managed
in the ICU with surgery being the usua recommendetion for lesonsover 3.0 cmin
diameter. Outcome of surgery performed before the "crash is usudly good.

Intraventricular Hemorrhage (IVH) isasubset of intracranial bleeds which can be caused
by extension of putamina, thalamic or caudate bleedsinto the ventricular sysem
associated with hypertension or other predisposing factors or extenson of bleeding from
aruptured aneurysm often arisng from the anterior communicator. While often said to be
a grave prognostic Sgn the prognostic sgnificance of 1VH in fact depends on the extent
and nature of the parent leson. For instance, when a putamina bleed extends into the
ventriclesit isusudly alarge bleed with a poor prognosis anyway. A thdamic bleed
which extendsinto the third ventricle aso often tracks into the midbrain causing initid
coma. Conversdly, a caudate hemorrhage from the caudate, which lies close to the laterd
ventricle, is not associated with apoor prognosis unlessthereis aso athird ventricle clot.
A clot in the third ventricle from any source can be associated with delayed deterioration
and death due to acute onset of hydrocephalus. This complication can be prevented by
diligent observation and CT of the patient at risk and use of ventricular drains. In some
cases thrombolytic agents have been given intrathecaly to speed the dissolution of the
clot.

2.6 Subarachnoid Hemorrhage (SAH)

The American Heart Association has recently published guiddines for the management
of SAH (Stroke 1994;25(11):2315-2328).



Intracrania Hemorrhage: SAH

Symptoms. severe headache, syncope, seizure, vomiting

Aneurysm locations - Cirde of Willis

Prevention of rebleeding/early surgery

Prevention and trestment of delayed arterid vasogpasm using nimodipine 60 mg
p.o. g 4 hours and

Hypervolemic, Hypertensive Hemodilution (triple "H" therapy)

Accounting for about 10% of strokes, SAH results from extravasation of blood into the
subarachnoid space. Most often it is caused by a ruptured saccular aneurysm; other
causesinclude AVM, head injury, Snus thrombos's, and bleeding disorders. The clinica
presentation is marked by non focal symptoms including photophobia, early headache
with nausea and vomiting, sometimes brief deterioration of consciousness, and/or
seizures. Aneurysms are present in 6% of population, but the annua rupture rate is only
10-12 per 100,000. Clinica course and prognosis are discouraging. Only 30% do well,
surviving without mgjor disgbility. Of the survivors who are not surgicaly treated, the
rebleed rate is usudly quoted at 3% per year. As many as 25% of victimsin U.S. and
Canada are misdiagnosed initidly and do not receive definitive thergpy dueto late
referrd. Diagnosisis by CT scan which shows subarachnoid blood, locdized hematoma
(when in the tempord |obe or sylvian fissure suspect MCA aneurysm) or by lumbar
puncture. The CT may show the aneurysms themselves when they are grester than 10
mm in size. The likelihood (and digtribution) of subsequent delayed vasospasm can be
estimated from the location of the SA blood on the initid CT. A negative CT does not
rule out SAH.

Angiography is definitive in most cases. If multiple aneurysms are encountered, the Sze
and configuration of aneurysm aswell as clinica and CT data are used to infer the one
that ruptured. Negative angiography occursin 13-22% of SAH. However, the prognosis
is generdly considered to be better in these patients compared to angio positive cases.
Although the bleeding source is unknown, leskage from lenticulostriste and
thalomoperforant vessdls has been postulated in those cases in which aneurysm is not
detected.

Intracranial Hemorrhage/SAH

Usudly caused by the rupture of an aneurysm arising from the Circle of Willis (if
trauma excluded)

A variant is the "perimesencephdic hemorrhage'

described by Van Gijn and colleagues (Neurol,35:493-497,1985)
Perimesencephadic Hemorrhage- Accounts for up to 10% of SAH but 50% of
SAH with negative angiography



The dow onset of HA, predominance of blood in the perimesencephdic cisterns
and the excdlent prognosis

suggests venous or capillary source of bleeding.

Diagnosis based on CT and a single negative angiography

The following are generd statements about trestment of SAH: 1) patients admitted in
good condition do better regardless of the timing of surgery; 2) while early surgery
lowers rebleeding risk (highest during the first week after SAH, occurring in about 20%
of nonoperated cases), it is associated in some series with a higher incidence of ddayed
vasospasm. Most vasospasm is reversible and outcome may not be adversdly affected.
Many neurosurgeons now recommend delayed surgery in patients entering the referrd
center in Grades |11 or IV (Hunt and Hess classification); 3) the use of antifibrinolytics
(e.g. Amicar) continues to be debated; a recent review of the experience of an
international cooperative study (J. Neurosurg. 1984;61:225-230) suggested that the
decreased incidence of rebleeding with antifibrinolytics is offset by a higher incidence of
delayed complications leaving morbidity and mortality unaffected. 4) medica therapy to
prevent or reverse delayed ischemic deficits from vasospasm has been advocated using
nimodipine and/or plasma expansion and hypertensive thergpy (after clipping). Current
trids are testing nicardipine, another calcium antagonist, and tirilazad, afree radica
scavenger.

Two randomized controlled trids have shown that nimodipine (60 mg po q 4 hours for 21
days) improved outcome in both good (Allen, et d., NEIM 308:619-624, 1983) and poor
(Petruck, et al., J. Neurosurg. 68(4), 505-517, 1988) grade SAH patients. It should be
noted that in neither study was angiographic degree of vasogpasm affected. The

beneficid effect is gpparently mediated by some action other than reduction of large

vesse vasogpasm. (See: Stroke, A Clinical Approach, by L.R. Caplan and RW. Stein,
Butterworth's 1986).

SAH

Rebleeding rate: 15 - 20% in first 2 weeks

Rebleeding risk after sx months has been estimated at 3%/year

10% of SAH petients have afamily history

Associated conditions. polycystic kidney disease, coarctation of aorta, Marfan's,
Ehlers-Danlos, FMD, pseudoxanthoma, elasticum, MoyaMoya, AVM's

PREVENTION OF ISCHEMIA FROM VASOSPASM

Period of risk: 5-21 days post SAH
Petients with SAH are volume depleted and develop hyponatremia due to sdt loss
Petients need plasma expanson with at least 3 I/day and



Nimodipine 60 mg p.o. every 4 hours for 21 days

2.6.1 Risk Factors and Related Conditions

Thistype of sroke isleast related to hypertension dthough it may play somerole.
Smoking has dso been implicated in some studies as has acute acohol use. Drugs may
cause SAH or ICH. Unruptured aneurysms are the mgjor risk and are present in 1- 2% of
the population.

2.6.2 Clinica Presentation

The presentation of SAH with the acute onsat of severe headache without focal
symptoms but often with vomiting, syncope or saizure is among the more wdl known
scenariosin clinicd medicine. Less severe headaches due to a"warning leak” may be
harder to recognize and a high index of suspicion is recommended for atypical and new
onset headaches.

2.6.3 Aneurysms. etiology, Size and location
2.6.4 Management of the Morbidities of SAH
Prevention and Treatment of Neurologica Complications.

prevent rebleeding by early clipping of the aneurysm; antifibrinolytics have been
tried but do not provide overdl benefit;

prevent ischemic stroke from vasogpasm by "HHH" therapy which is
hypervolemia, hemodilution and if necessary hypertensive thergpy dong with
nimodipine

look for hydrocephal us with repeat CT scans and treat either with repeated lumbar
punctures or intraventricular drainage

congder surgery to remove large intraparenchyma hematomas.Management of

the patient with SAH is complex and should only be atempted in atertiary
neurologica/neurosurgica 1CU stting.

Rebleeding. Rebleeding has been estimated at 4% the first day after the initia bleed, 1-
2% per day for the next few weeks then gradudly stabilizing a arate of 3% per year.
Prevention of rebleeding is best accomplished with direct surgical repair of the aneurysm.

Vasogpasm. "Vasospasm'” is perhaps a poor name for this entity because it impliesa
highly phesic event (like a muscle spasm) when in fact the time course of this processis
over days to weeks. This complication starts about 305 days after SAH and may go one
for several weeks. The arteries undergo gradua narrowing and when the reduction in
lumen is Sgnificant the patient may suffer the added insult of an ischemic stroke on top

of injury to the brain from SAH. VVasogpasm may be lessened or prevented by the use of



aggressve plasma expangon (Hypervolemia), reduction in hematocrit (Hemodilution)
and, if necessary and after the aneurysm isidentified by angiography and clipped a
surgery, the cautious eevation of blood pressure (Hypertension). Standard care now
includes the use of 60 mg q 6 hours of nimodipine p.o. for up to 21 days after SAH.
Intravascular techniques including injection of papaverine and angioplasty are being tried
alarger centers but their role for trestment of V SP has not been clarified as of yet.

Medica Complications. Prevention and trestment of medica complicationsincludes:

cautioudy treat elevated blood pressure

prevent depletion of plasmavolume

treat hyponatremia....thisis not SIADH but it caused by natriuresis...give sdine
and Horinef

monitor for and trest cardiac dysrhythmias

2.6.5 Surgery and Other Techniques

Surgical thergpy continues to be debated but the trend in the USis towards early
angiography and surgery (within the first 2-3 days) followed by aggressve management
to prevent vasogpasm. Although there are a variety of techniques for dealing with
aneurysms other than dipping most of these are considered distant second choices and
not as effective.

2.6.6 Other Causes of SAH

Is the SAH from aruptured aneurysm? Unless there is evidence of head trauma, a
ruptured aneurysm is the presumed cause. About 10-15% of the time the firgt angiogram
does not show an aneurysm. In such cases arepeat angio is often performed in 2-3 weeks
and shows alesion in the minority of cases. Recently a pattern of SAH not associated
with aneurysm has been described which is caled "perimesencephdic hemorrhage”. In
this scenario the bleed is restricted to the interpeduncular prepontine and ambient cisterns
around the midbrain with very little blood e sewhere. The patients have agood clinical
course and a negative angiogram. The reason for identifying such patients, it isargued, is
that a Sngle angio suffices and the patients can be reassured of agood long term
prognosis. The speculation is that the bleeding comes from venous or capillary
sources.(van Gijn and Wijdicks, in Handbook of Cerebrovascuar Disease, Marcel
Dekker, 1993 pp 467-508 and Adams and Love, in Stroke Pathophysiology, Diagnosis
and Management, Barnett,Stein, Mohr and Y atsu eds, Churchill-Livingstone, pp 1029-
1054).

2.7 Cryptogenic Stroke
Bdieved by some to represent primarily unrecognized embolism

CT or angio have no distinguishing features except the absence of cluesto other,
better defined mechanism



Despite modern diagnogtic tools a distressingly high percentage of ischemic stroke cases
(as much as 25%) remain difficult to classfy in terms of mechaniam.

3.0 Less Common Causes of Stroke and other |ssues
3.1 Drug Abuse.

Ilicit drugs associated with stroke include opiates such as heroin, amphetamines, cocaine
and phencydidine. Mechanisms include acute dramatic increases in blood pressure,
associated myocardiad infarction, complications with intravenous delivery and perhaps
arteritis. Amphetamine abuse can produce a necrotizing angiitis involving medium szed
arteries. Hemorrhages occur with ord and IV abuse; infarcts with any route of
adminigration. In some but not al casesit is associated with an angiographic appearance
of "arteritis'. It isnot clear how amphetamines cause angiiitis, but direct toxicity,
vasospasm and/or hypersengtivity have been proposed as mechaniams. (Seet JF.
Rothrock, et d., "Ischemic Stroke Associated with Metaphetamine Inhalation”,
Neurology, 38; 589-592, 1988.)

For cocaine, the risk involves both infarction and hemorrhage and attends any form of the
drug in any mode of adminigtration. Seizures are the most common neurologic
complication of cocaine or crack abuse. Strokes and trandent ischemic attacks have dso
been reported. To date, ischemic strokes, subarachnoid hemorrhage and intracranial
hemorrhage have al been reported as complications of cocaine abuse. Recently a case of
anterior spind artery syndrome associated with cocaine abuse was reported. Generaly,
the relaion of symptoms to cocaine use is either instantaneous or within minutesto a
couple of hours. Some of the patients with subarachnoid hemorrhages have had AV
malformations or saccular aneurysms noted on angiography. Cocaine abuse, by an
interaction with blood pressure, probably promotes rupture of these vascular
abnormdities. Some reportsrefer to vasculitis, however, thereisno clear pathological
confirmation of vasculitis in any neurovascular complication of cocaine abuse. It is
possible that what might be interpreted as vasculitisis actualy vasospasm. Some of the
patients with ischemic strokes secondary to cocaine abuse have had norma angiography.
Cocaine can precipitate myocardid infarctions and ventricular arrhythmias. It is thought
the pathophysiology could involve the blockade of norepinephrine and epinephrine from
presynaptic uptake. Thisincresse in norepinephrine and epinephrine in the synaptic cleft
would potentiate adrenergic transmission and lead to increased blood pressure, perhaps
vasocondriction and even ischemia

It is prudent to perform an angiogram on any patient who presents with a stroke
associated with cocaine abuse to look for a saccular aneurysm or AV maformation. (See:
"Neurologica Complications of Cocaine Abuse" by Mody et d. in Neurology, August
1988 pp. 1189. One could also see Wojack, "Intracranial Hemorrhage and Cocaine Use',
in Stroke, 1987 Vol. 18, 712-715 and lagtly Schwartz, " Subarachnoid Hemorrhage
Precipitated by Cocaine Snorting”, Archives of Neurology, 1984, Vol. 41, pp. 705.)




3.2 Arteritis

Tempord arteritis. Also known as "giant cdl” arteritis, it is an inflammatory disease
involving medium and large arteries systemicaly, induding the extracrania circulation

of both the anterior and pogterior systems. TA is uncommon in patients less than 60 years
of age, and is dmog adways associated with an devated ESR. Intimd proliferation and
fibrogs result in lumen stenoss and thrombos's, threstening mainly vison by producing
anterior ischemic optic neuritis (AION). Theretind circulation can be affected by
posterior ciliary vessd involvement and/or centrd retind artery occlusion. Prominent
symptoms include headache, scalp tenderness, jaw claudication, condtitutional symptoms
( polymyagia rheumatica), and neuropsychiatric symptoms, including depresson and
confusion.

Cranid Arteritis

Tempord (giant Cdl)
Isolated CNS angiitis
Polyarteritis Nodosa
Wegener's Granulomatosis
post Zoster

Visud lossis often sudden and usualy monocular. Findings include decreased visud
acuity, swollen optic disc, dtituding and inferior field cuts. Ophthalmoplegia (15%)
results from 111 nerve (pupil is spared) or VI involvement. Stroke is uncommon, but may
be the presenting symptom. Reports suggest that symptomatic vertebrd artery
involvement exceeds that of the extracrania carotids. Intracrania vessels (beyond the
dura) are usudly spared. Steroids are thergpeutic and should not be delayed pending
tempord artery biopsy.

Giant Cdl (Tempord) Arteritis

Inflammeatory condition affecting aorta and branches;
Stroke iswdl known but rare
Stroke with thrombosis of vertebra or internd carotid artery

Intracrania involvement of vessdsisrare

|solated Granulomatous Angiitis of CNS



Rare: recurrent smadl strokes with small leptomeninged vessd involvement, abnorma
CSF; not-confined to elderly and does not respond to steroids; few systemic clues or
symptoms Infections. Pid artery (cortical) involvement occurs in bacteria meningitis and
may result in infarction. Organisms producing basilar meningitis with involvement of the
MCA and penetrating vessels include: TB, cryptococcus and histoplasmoss. "Heubner's
artenitis' isaterm used to describe the thickening and inflammetion of arteriesin this
etting. Involvement of the branches of the ICA can be seen after Herpes Ophthamics.
During secondary syphilis, involvement of cerebrd arteries may occur and can cause
groke as well as other neurologic manifestations (myelopathy).

Although not clearly an infection, neurosarcoidosis must be considered a potentid (but
rare) cause of stroke. Involvement is more likely to be concentrated at the venous,
however, rather than the arterid level. Other inflammatory disease associated with stroke
but with mechanism poorly defined include: ulcerative calitis, Crohns, and Wegener's
granulomatosis.

Arteritis related to Autoimmune Disease. Autoimmune diseases (*collagen vascular
diseasg") are associated with stroke; primary inflammeation of arteries, however, israre,
evenin SLE, and isredtricted to smdl penetrating vessdls. Other causes of stroke in these
patients may be related to rend disease, coagul opathy, endocarditis. Very rare causes of
gtroke include polyarteritis nodosa and rheumatoid arthritis. In fact, with SLE, most
strokes are probably related to mechanisms, especialy cardiac, besides CNS vasculitis.
(See: PM. Moore and T.R. Crupps, "Neurologica Complications of Vasculitis' Ann-
Neurol 14(2), p.155-167, 1983).

Takayasu's Disease. This disease affects the vessdl wall brachia vessdls originating from
the aorta with mononuclear infiltration and progressve narrowing. It primarily affects
young women. Neurologic symptoms include headache, dizziness, syncope and, rardly,
stroke. Steroids have been used, but the optima therapy is unclear.

3.3 Fibromuscular Dysplasia

Thisidiopathic condition is characterized by vessd wal and smooth muscle
abnormadlities in small and medium sized arteries, notably the rena and internd carotid.
Other arteries involved include the vertebral and intracranid vessals. An association with
intracrania aneurysms has been noted. The pathology is not entirely unique, being
characterized by smooth muscle hyperplasia, fibrous tissue proliferation and
disorganization of the arterid wall. Notably absent: atherosclerotic changes,
inflammatory infiltration, calcification. Clinicaly, the disease is most common ismiddle
aged femades. It may present asacervicd bruit or subjective tinnitus, occasondly
cervicd and/or facid pain or Horner's syndrome occurs. FMD may cause severe enosis
and occlusion of the ICA or vertebral arteries. Incidence of stroke has been estimated
from 0-28%.

Fibromuscular Dysplasia



Carotid-rend arteriesinvolved
0 Pathology: three types have been described: adventitid, intima and
media (most common)
Femaes predominate in the common (medid) variety
.6% of angios done at Mayo showed FMD
Treatment: ASA/anticoagul ation/surgery

The key to the diagnosis is angiography. Features include: irregularly spaced areas of
concentric narrowing ("string of beads'), seen in 80-90%; tubular stenosis (4-12%),
abnormalities such as dissection or fase aneurysm may aso occur. Thesefindings are
usudly seeninthe digtd ICA rarely extending intracranialy and dso in the cervica
vertebrd artery. The optimd treatment for either symptomatic or asymptomatic casesis
unclear. Overdl prognosisis good, suggesting that surgery should be limited to high
grade symptomatic stenotic lesions. Antiplatelet agents have also been advocated to
prevent stroke. (See: Caplan and Stein, p. 183-183.)

3.4 Arterid Dissection

Arteria dissection has been recognized in the extracrania and/or intracrania carotid and
vertebrobadlar arterid systems. Among these, basilar dissection is considered the least
common. Dissection shoud be consdered in the setting of dbrupt unilaterd head or face
pain, bruit, TIA, stroke (or no neurologica symptoms). In some cases of carotid
dissection, aHorner's, or lower cranid nerve palsy may be seen. A history of
craniocervica trauma (including sports) is present in 50% of recognized cases. Patterns
of head, neck and/or face pain may be quite foca and specific and should arouse
suspicion on thisbass. The diagnosisis usudly entertained in younger patients.
Dissection and hemorrhage into stbintimal, medid or, less often, adventitid layers has
been demondtrated by pathology. There are severd digtinctive but not entirely specific
arteriographic features, including: long "string Sgn”, total occlusion, pouches or fase
aneurysms. The naturd history is unclear; however, TIA's and evolving stroke are not
uncommon. Treatment is controversa. Recommended practice includes: 1) immediate
anticoagulation with heparin, then warfarin for 3 months, followed by are-imaging
procedure to determine lumen characteristics. Surgery may be considered in casesin
which medical therapy fails to prevent recurrent symptoms. (See: R.G. Hart and J.D.
Easton, "Dissections of Cervica and Cerebrd Arteries', in Neurologic Clinics, Vol. 1(1),
1983.

3.5 Coagulopathy

Disorders of the coagulation system predigposing to CNS hemorrhage include classica
hemophiliaand ahost of less common factor deficiencies (1X, von Willebrand, VI, VI,
XI1, X111I). There has been recent interest in conditions which predispose to thrombosis as
potentid causes of sroke. Antithrombin I11 (which inactivates thrombin) deficiency
predisposes to venous thrombosis and pulmonary embolism. A few cases of cerebra
arterid thrombosis with antithrombin 111 deficiency have been described. It can be



inherited (as an autosoma dominant) or acquired (as in severe rend disease). Rdlative
Protein S deficiency may predispose to stroke, but data are, as of yet, inconclusive.

Recent attention has been directed to the presence of "lupus anticoagulants’, aso caled
"antiphospholipid” or "anticardiolipin® antibodies (APA or ACA) in patients with
otherwise unexplained cerebrd infarction. Circulating "lupus anticoagulants', despite the
name, predispose to arterid and/or venous thrombosis. Clinically, their presence should
be suspected in young ischemic stroke victims; other evidence of autoimmune diseeseis
often present but may be lacking. Most (but not al) have aprolonged PTT. Laboratory
confirmation is by: fase positive VDRL, coagulation tests for the anticoagulant, or RIA
or ELISA testsfor anticardiolipin antibody (the most sensitive and specific). A history of
gpontaneous abortions is often present.

Antiphospholipid Antibody and Cerebra I1schemia

Generd Features
0 Yyoung, female preponderance
0 minority with SLE
o prior thrombosis or stroke
0 spontaneous abortions
Pathology
o thrombotic occlusonswith no evidence of inflammation
Laboratory
o0 lowtiter ANA in haf
o thrombocytopeniain onethird
o prolonged aPTT in one hdf(lupus anticoagulant)
o0 mitral vavelesonsin some patients
Associated Sgng/symptoms
0 migrane
0 amaurogsfugax
0 chorea
o livedo reticularis

The prevaence of these antibodies in the genera population is unknown. Associated
conditions besides SL_E include other autoimmune diseases, maignancy and infectious
diseases. A number of reports now link the antibodies with TIA and stroke. The incidence
of these antibodies in patients with TIA and stroke is probably about 6-8%. Cerebral
angiography shows large artery stenosis or occlusion in about 50% of CNS symptomatic
cases. Trestment of symptomatic patients is currently empirical; both antiplatel et agents
and anticoagulation have been advocated. | recommend use of anticoagulation in cases
with high titers (> 40) of 1gG and with adightly higher target for the INR of around 4.
Lupus anticoagulants, livedo reticularis and stroke have been [abeled " Sneddon's
syndrome”. (See: Hess, D. Stroke Associated with Antiphospholipid Antibodies, Stroke
1992, suppl 1: 23-28.)



One of the important agpects of recognizing thisis that some workersin this area believe
that recurrent stroke in the presence of sgnificant antiphospholipid antibodiesis best
prevented with anticoagulation at an INR of 3-4, rather the usua 2-3.

3.6 Venous Infarction

Cerebra venous thrombosis can involve cerebra draining veins or the large intracrania
snuses. Older gudies cited infection as the leading cause. More recent reports implicate
ora contraceptives, pregnancy, postpartum period and systemic conditions producing
coagulopathy such as maignancy. Etiologic consderations have been divided into factors
which cause:

1. Changesin blood condtituents;
2. Changesin vessd wadl,
3. Changesin blood flow and miscdlaneous causes.

Among the conditions associated with venous thromboss 1): Antithrombin

[11 deficiency, ord contraceptives, polycythemia, pregnancy, paroxysma nocturnd
hemoglobinuria, adenocarcinoma, nephrotic syndrome (causes acquired antithrombin 111
deficiency), DIC, and leukemia. Invasive disease of the vessel wall is seen with cancer,
sarcoidos's, meningitis, Wegener's granulomatos's, aspergilloss, and magtoiditis.
Dehydration, cardiac failure, COPD, and congenital heart disease are potential causes of
venous thrombosis by mechanism #3.

Patients with maignancy may have venous thrombosis by leukostas's, invason of vessd
wall, hypercoagulable state, or atered coagulation due to chemotherapy (example:
antithrombin 111 deficiency with asparaginase deficiency). Thrombosisin any patient
raises the likelihood of cerebra venous thrombosis. Symptoms may be produced by
raised ICP or infarction (often hemorrhagic and not clearly defining an arterid territory).
Seizures are not uncommon. Stepwise progression of symptoms has been described.

Venous Thrombods

Usudly occursin a setting of dtered coagulation state (unless direct invasion of
the vessd by tumor or infection)

Causes. pregnancy and post partum, estrogen effect, coagul opathy
(adenocarcinoma, DIC), dehydration (usudly children), hyperviscosty, invasion
by infections or neoplatic lesons.

A specific form of venous occlusive disease is cavernous Snus thrombaosis (CST).
Antecedent snus or periorbita infection isthe rule dthough facid or crania trauma may
precede CST. Headache, chemosis, proptos's, ophthalmoplegia and, in some cases,



blindness should prompt consderation of CST. Bacteria agents include beta- strep, staph,
and H-flu.

The optimd treatment is controversa. Anticoagulants have been used without clear cut
adverse effects in most cases. Mortdity is high, being estimated a 15-20%.
Thrombolytics have been used. (See: Gates and Barnett, "V enous Disease: Cortical Vens
and Sinuses', in Stroke: Pethophysiology, Diagnosis and Management, Church Hill-
Livingston, 1986.)

3.7 Stroke and Pregnancy

There are some specia considerations when it comes to stroke in the patient who is
pregnant. Some of these are diagnostic and others therapedtic.

Search for a Cause is Important
o for Prevention of Recurrence
Causssinclude dl etiologiesof " Young Adults' plus some pregnancy specific
ones
90% of stroke during pregnancy are arterid,;
80% of strokes in puerperium are venous
Treatment decisions are affected by Condderation of the Fetus

3.7.1 Pregnancy Specific Causes of Stroke
1. eclampsaand preeclampsa

seizures or coma) + hypertension, proteinuria and edema
preeclampsia seen in 5-7% of pregnancies

CT in eclampsia shows edema and rarely intracranial hemorrhage
MRI can show reversble white matter lesons

hemorrhages due to hypertension;( 2+ DIC)

cerebrd edemadue to loss of autoregulation

2. coagulopathy

relative hypercoagulable state: rise in fibrinogen; decreasesin ATIII, prot S and
C; hyper platdlets

DIC

higher ATIIl complex levels, lower (88% + 27% of norma ATIII); higher
plasminogen activetor levels, ATIII activity decrease correlated with severity of
eclampsia



3. cerebra embolism

peripartum cardiomyopathy

ar and amniatic fluid embolus

fat embolus ( esp with SS or SD disease)
tumor cdlsfrom choriocarcinoma

3.7.2 Treatment Considerations.

How should pregnant women with TIA and minor stroke be treated for stroke
prevention? This specid Stuation arisesinfrequently and presents specid problems.
Basicdly, therisk of recurrence depends on the cause and often the cause may be
inapparent. Transient protein S deficiency has been reported during pregnancy but the
ggnificance is hard to determine. Thereis only one thergpeutic option, heparin, that is
consdered clearly "very likely" to be safe for the fetus (Chest 1989;95;156S-160S).
Heparin associated osteoporosis in the mother, however, isaconcern and is considered a
risk in patients treated with at least 20000 units daily for more than 6 months. Warfarin
has risks to the fetus but can be started just after delivery even during breastfeeding.
Heparin should be discontinued just prior to delivery and both restarted soon after
ddivery. After ord anticoagulation is achieved the heparin can be sopped. Alternatively,
if theindication for anticoagulation is wesk, the patient can be covered for the normdly
hypercoagulable period after delivery lasting 1- 2 weeks with sq heparin and then
switched to ASA.

Recommendation: Treat with 15-20,000 units of subq heparin daily during pregnancy
stopping briefly near ddlivery but restarting soon after delivery. Choice of longer term

thergpy should be based on the underlying risk condition. If protein S deficiency was

documented during pregnancy, measurement &t least 3 months post partum should be
considered to reassess the continuing need for anticoagulation.

3.8 Connective Tissue Disorders

EDS. Ehlers-Danlos

MfS. Marfan's syndrome

Ol: Ogteogenissimperfecta

PXE: Psaudoxanthomadagticum

NF: Neurofibromatosis

ADPKD: Autosomd dominant polycystic kidney disease



(Schievink et a., Stroke 1994; 25: 889-903)
3.9 CADASIL

This topic could also appear in the section below on young stroke. This condition was
first described in 1977 as hereditary multiinfarct dementia ( Acta Neuropathologica 1977,
39:247-254). Thisis characterized clinicaly by recurrent subcortica ischemic strokes
darting in early adulthood in afamilid pattern. Other symptoms include headache and
psychiatric symptoms. Small deep infarcts and leukoencepha opathy. The brain
examinaion shows numerous smdl deep infarcts with myelin loss. The smdl penetrating
arteries of the subcortica areas are diseased by a process not considered related to
atherosclerosis or amyloid angiopathy. A gene for this condition has been identified a
19g12. Most cases have been reported in European families but afew have been
recognized in the US (Stroke 1994; 25: 704-708).

4.0 Stroke in Y oung Adults

The list here overlaps that of risk factors and stroke etiologiesin young adults and to
name afew indudes

antiphospholipid antibodies
dissection

drugs (dl routes of deivery)
premature athero

ttp

coagulopathies

scklecdl disease

heart disease

lupus and connective tissue disease
syphilis

moyamoya

Susac's syndrome

FMD

neurofibromatoss
pregnancy
homocyseinemia

5.0 Stroke in Children

5.1 Risk Factors



Although stroke is generaly rarein childhood, it does occur, especidly in association
with heart disease and sickle cdl anemia. In most cases with childhood stroke alikely
cause can be found given sufficient investigation.

Srokein Children

Leading causes.
»  Cardiac disease -
= congenitd
=  acquired
= Hematologic disorders -
» Sickle Cdl Disease
=  Trauma(child abuse or "popsickle stick™)
Other causes:.

Vasculitis
Vasculopathies
Structurd abnormalities
Coagulation defects

"Moyamoyd' Disease

= Term/Ddinition
= Clinica spectrum

Age of onset
Symptoms
CT/MRI/Angio
Doppler
Pethology/Etiology

Work-up should dwaysinclude:
History and physicd
CBC with diff, platdlets, ESR, chemidtries, urindyss, PT, PTT, drug screen
Cranid CT scan with contrast or MR
Heart evduation, chest x ray
Work-up may indude

Evduation of cerebrd vessdswith ether ultrasound or angiography (cerebrd,
arch, and maybe rend arteries aswell)



Specid laboratory tests such as: homocysteine screen, MELAS work-up,
hemoglobin analyss, SLE tet, anticardiolipin antibodies, AT 111, proteins S and
C, cryoglobulins, blood cultures, VDRL, HIV, fibrin splits

Echocardiogram

Lumbar puncture (if infection is suspected)

5.2 Sickle Cdl Disease

About 10% of Hb SS patients will develop stroke. The mgjority of these (75%) result
from occlusion of arteries (ischemic stroke or cerebrd infarction) and 25% from
intracranid hemorrhage . Ischemic stroke is particularly common in young children with
Hb SS. It isamgor cause of morbidity and mortdity. Once thought to be primarily due
to microvascular occlugion, it isnow clear that symptomatic cerebrd infarction is usualy
associated with abnormadities of large intracrania arteries. Histological studies of these
genoatic arterid lesons reved fibrotic scars. The angiographic and pathologic appearance
of these lesons does not suggest inflammation. The cause of these lesonsis not clear.
Incremental thrombus formation has been suggested, possibly with sickled erythrocytes
incorporated into the lesions. Most believe that injury to the endothdium isinvolved, and
abnorma adherence of erythrocytes containing Hb S may play arole. Infarction results
from occluson of mgor feeding arteries and severe reduction of cerebrad blood flow.

Symptoms include foca seizures, hemiparesis, and visua and cognitive deficits.

Ischemic stroke in Hb SSis treated with emergent Smple or exchange blood transfuson.
Most patients then go on to be treated chronically with periodic (every 3 to 4 weeks)
smple or exchange blood transfusons maintaining Hb S levels at less than 30% of tota
hemoglobin. Periodic transfusion is associated with a significant reduction in recurrent
groke and is the basis of secondary stroke prevention in children with Hb SS. Thereisno
currently accepted strategy for primary prevention athough identification of petients a
risk with transcrania doppler may lead to prophylactic trestment before stroke.

The most frequent Sites of involvement are the distd intracranid interna carotid artery
(ICA), and proxima portions of the middle cerebral (MCA) and anterior cerebral (ACA)
arteries. The vertebrobasilar system is not the target of the occlusive process but supplies
collaterd flow to the anterior part of the brain. Cerebral angiography was repested in
patients with and without extended transfusion and reveaed that abnorma areas
stabilized with regular transfusion. Without transfusion, lesons worsened over months or
yearsindicating a dow pace of development and progression. The condition of abnormal
large arteries with stenosis precedes the development of symptomsin most cases by
months or years.

Intracranial hemorrhage accounts for about 25% of the strokes and has a tendency to
occur later in life smilar to Moyamoya disease. Hemorrhage into the brain substance
("intraparenchymd") is a recognized |ate manifestation of the occlusive vascul opathy
associated with prior infarction in Sickle cdll disease. In some cases both hemorrhage and
infarction may be related to the same process. Release of blood into the subarachnoid
space (“'subarachnoid hemorrhage”) is usudly caused by to rupture of a berry aneurysm



but may aso be associated with occlusive vasculopathy. A minority of caseswith sickle
cdl disease and intracranial hemorrhage do not have aneurysm or occlusive vascul opathy
and the cause of bleeding remains unclear. Aneurysms have been successfully clipped in
Hb SS which presumably reduces recurrent bleeding risk. In the absence of aneurysm, the
best method to prevent recurrent bleeding is not known. The effect of chronic blood
transfusion on the risk of recurrent intracranial hemorrhageis not clear. (SeePowars ER,
Wilson B, Imbus C, Pegelow C, Allen J. The natura history of strokein sickle cell
disease. Am JMed 1978;65:461- 71 and/or Adams RJ, McKieV, NicholsFT, et d. The
use of transcrania ultrasonography to predict stroke in sickle cdll disease. NEIM
1992;326(7):605-610 and/or Adams RJ, Nichols FT. Sickle cell anemia, sickle cdll trait
and thdassemia. In: Vinken PJ, Bruyn GW and Klawans HL, eds. Vascular Diseases I
Handbook of Clinical Neurology. Netherlands: Amsterdam Elsevier, 1989;11(55):503-
515 and/or Pavlakis SG. Neurologic complications of sickle cell disease. Adv Pediatr
1989;36:247-276.)




