   Causes of Ischemic and Thrombotic Stroke

     A common cause of thrombotic or ischemic strokes is atherosclerosis.  As we learned in our cardiac studies, atherosclerotic damage to arterial vessel walls and subsequent blockage of the arteries can lead to ischemic events of the heart.  Likewise, the arteries supplying the brain can undergo the process of vessel damage which can result in  blockage from thrombi developing.  Lack of blood flow to the brain leads to the cascade of events outlined regarding ischemic stroke.  Obviously, CAD then is a major risk factor for ischemic stroke.  Cardiac diseases that predispose to stroke include left ventricular hypertrophy and atrial fibrillation.  In atrial fibrillation, blood does not flow well from the atrium into the ventricles.  The stasis of blood can lead to thrombus formation.  If a piece of thrombus breaks off and heads upstream, stroke can occur. Other conditions that lead to stasis of blood can increase the risk of stroke.  These include dehydration, hypotension, and prolonged vasoconstriction from malignant hypertension. (McCance and Huether, p. 505) 

     Ischemic strokes more commonly occur with advanced age with the risk doubling every decade.  (Becker, 2006)Hypertension is also a risk factor for ischemic stroke. Smoking is a risk factor for stroke as it places people at higher risk for hypertension and atherosclerosis which both predispose to stroke.  Smoking increases the risk of stroke by 50%. (McCance & Huether, p. 505)

     Hyperhomocysteinemia has been identified as a “Strong and independent risk factor for ischemic stroke”  (McCance & Huether, p.505).  Diabetes and insulin resistance both increase the risk of stroke.

Two Types of Stroke
     Ischemic  stroke is the most common type of cerebral vascular accident and is responsible for about 83% of strokes.  Ischemic  stroke occurs when a blood vessel carrying blood to the brain is obstructed.  This is usually the result of atherosclerosis, fatty deposits that collect on the wall of an artery and form plaque.  The plaque builds up over time and can result in abnormal blood flow and clot formation (American Heart Association, 2007).

     Ischemic  stroke can be further divided into two types.  The first type of obstruction is caused by thrombus.  A cerebral thrombus occurs when diseased or damaged cerebral arteries become blocked by the formation of a blood clot within the brain.  Cerebral infarction is responsible for almost 50% of all strokes (Internet Stroke Center, 2003).  The most common sites for thrombotic occlusion are the large vessels that supply blood to the brain.  These arteries include the internal carotid artery and middle cerebral artery.  Arterial stenosis leads to turbulent blood flow which encourages platelets to adhere to the vessel and a clot forms and the artery becomes occluded (Becker, 2006).
     The second cause of ischemic stroke is cerebral embolism.  This occurs when a blood clot forms in another part of the body, breaks off, travels through the circulatory system and becomes lodged in an artery in the brain once it reaches a vessel too small to pass through.  These emboli usually form in the heart or large arteries of the upper chest and neck.  Another common cause of cerebral emboli is Atrial Fibrillation because it can result in clot formation in the heart, which can then dislodge and travel.  Endocarditis, heart valve disease, and mechanical heart valves can cause clot formation that leads to cerebral embolism as well (Weinrauch, 2007).   When blood flow is restricted by a cerebral embolism there are almost immediate physical and neurologic deficits (Internet Stroke Center, 2003).
     Risk factors for ischemic stroke are age, smoking, men are more prone than women, African American heritage, hypertension, coronary  artery disease, atherosclerosis, diabetes, dyslipidemia, street drugs, hormone replacement therapy, women taking birth control pills, disorders of blood clotting (hypercoagulable), traumatic injury to blood vessels of the neck,  (Internet Stroke Center, 2003).  Less common causes of thrombotic stroke include:  polycythemia, sickle cell anemia, protein C deficiency, fibromuscular dysplasia of cerebral arteries, prolonged vasoconstriction (can be due to migraine headaches), dissection of the cerebral arteries, hypoperfusion of cerebral arteries (Becker, 2006).

     Hemorrhagic stroke is less common than ischemic stroke and accounts for about 15% of all strokes, but it has a much higher mortality rate than ischemic stroke.  Hemorrhagic stroke is responsible for 30% of all stroke deaths (National Stroke Association, 2003).  Hemorrhagic stroke most often occurs when a blood vessel in the brain becomes weakened and ruptures causing bleeding into the brain and surrounding tissue.  Intracranial pressure increases as a result and brain cells are damaged due to the compression of the brain (American Heart Association, 2007).  
     Hemorrhagic strokes are most often caused by hypertension and weakened blood vessels.  By far the most common cause of hemorrhagic stroke is hypertension.  Though not completely understood, is thought that the mechanism is the leakage from small intracerebral arteries damaged by chronic hypertension. (Nassisi, 2005).  Hypertension is believed to cause 56% to 81% of hemorrhagic strokes.  (McCance & Huether, p506)  rokes are most often caused by hypertension and weakened blood vessels. 

      There are two types of weakened vessels that commonly cause hemorrhagic stroke.  Aneurysms are one cause because the artery balloons out at a weakened area in the blood vessel and untreated it will continue to weaken and can rupture and bleed into the brain.  Arteriovenous malformation, the second type of vessel weakness, is a cluster of abnormally formed blood vessels and any one of these blood vessels are at risk for rupture and can cause bleeding into the brain (American Heart Association, 2007).
     There are two types of hemorrhagic stroke, intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH).  They are similar, but have different causes.  Intracerebral hemorrhage results from rupturing of a cranial blood vessel.  This rupture results in the leakage of blood into the brain tissues.  The most common risk factors for ICH are   weakened blood vessels and chronic hypertension, which causes arteries and arterioles to weaken and leak.  Patients who do not take their blood pressure medication have been found to be at greater risk for developing ICH (Life Extension, 2003).  Additional risk factors are drug and alcohol abuse, use of anticoagulant medication, age, male gender, and African American heritage.  Drug and alcohol abuse are the highest risk factor for 20-30 year olds who suffer a stroke.  After a person reaches the age of 45 their risk for developing an ICH doubles every 10 years (Life Extension, 2007).
     Subarachnoid hemorrhage (SAH) is the second cause of hemorrhagic stroke.  SAH occurs when blood leaks into membranes surrounding the brain.  The underlying causes for SAH are ruptured aneurysm and vascular malformations.  The risks for SAH are harder to define than ICH.  The incidence of SAH is more common in middle age and peaks between the ages of 40-60.  SAH is more common in women, which accounts for 60% of the cases.  African Americans have twice the risk as Caucasians.  Cigarette smoking and alcohol abuse increase the chances of ruptured aneurysm.  People with a family history of aneurysm have a greater chance of developing SAH because aneurysms tend to run in families (Live Extension, 2003).
     The most common sites of hemorrhagic stroke are the thalamus, putamen, cerebellum, and brain stem.  Only 20% of patients who suffer a hemorrhagic stroke will regain functional independence. Additional risk factors for hemorrhagic stroke not already mentioned include: cerebral amyloidosis, coagulopathies, anticoagulant therapy, any type of thrombolytic therapy that thins the blood and can cause the side effect of bleeding (treatment of acute myocardial infarction and acute ischemic stroke), vasculitis, intracranial neoplasm, bleeding caused by a brain tumor, and history of a prior stroke (Nassisi, 2005).
     Ischemic stroke and hemorrhagic stroke result in compromised blood supply to the brain and can cause extensive damage not only to the brain, but to the entire body.  While they have different mechanisms causing the pathology, they are both life-threatening and require immediate medical intervention.  It is important to educate people to the risk factors and signs and symptoms of stroke to increase awareness and chances of survival.
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Is stroke damage reversible ?


The degree and speed of recovery depends on the size of the brain area involved, location of the brain area involved, cause of the vascular accident, and progression of the clinical signs after the initial event. 


During ischemia, oxygen supply to the brain areas distal to the occlusion site is significantly limited. The most underperfused brain region, the ischemic core, displays cerebral blood flow values that are often less than 10% of the normal blood flow and most often undergoes irreversible damage. It is very important to recognize the ischemic penumbra, the tissue surrounding the ischemic core that represents a region of ischemia with intermediate cerebral blood flow reduction, with chances for survival and a primary target for antistroke therapies. Within the ischemic core, early death of selected neurons can be induced by even very short durations of ischemia (Aronowski et al. 2003). 


Durations of ischemia less than 30 min are well tolerated, as documented in many experimental models of focal ischemia (Aronowski et al. 2003). However, such tolerance to ischemic damage is dramatically lost once the ischemic period reaches more than 30 to 60 min (Aronowski et al. 2003). When ischemia lasts more than 30 min, damage to the brain cells (primarily neurons in the ischemic core) is so advanced that even re-establishment of blood flow to the ischemic brain cannot reverse the damage already done. In general, the longer the duration of ischemia, the more ischemic brain tissue will be irreversibly damaged (Aronowski et al. 2003). Many investigators have demonstrated a positive correlation between increased duration of ischemia and infarct volume (Aronowski et al. 2003). However, in some instances (e.g., ischemia of intermediate intensity), reperfusion may trigger multiple adverse processes that can increase brain damage beyond that produced by the permanent ischemia (no reperfusion) (Aronowski et al. 2003). 

The principle of acute stroke treatment is “time is brain”. Time to treatment is often too great considering the time limits for reversibility of brain ischemia. Treatment needs to be initiated within 6 hours of symptom onset. Drug therapy is designed to prevent further thrombotic events, augment blood flow and reperfusion the tissues and protect neurons (McCane K and Huether S, P. 567). Tissue plasminogen activator (tPA or Alteplase) is one thrombolytic drug frequently used in ischemic stroke. It’s action is to convert plasminogen to plasmin which dissolves fibrin, thus lysing clots. TPA is a substance the body makes in perturbed endothelial tissue and the drug is produced by recombinant DNA technology. (Genentech, 2006)

Further more, corticosteroids and diuretics such as furosemide and mannitol are used to decrease cerebral edema and intracranial pressure. The prognosis for recovery of neurologic function after cerebral infarction is reasonably good. Even in patients in whom the initial deficit is severe, considerable improvement may occur, with reversible of cerebral edema and recovery of function by ischemic but not necrotic neurons (Chandrasoma and Taylor, 2007).    
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