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ABSTRACT
Stroke is a leading cause of death and disability in developed countries. While both modifiable and non‐modifiable risk factors are acknowledged, studies have shown that these may account for just 50% of stroke risk and that other factors, including genetic ones, may be important. In this paper, the chances of a stroke patients were examined using three possible states of a stroke patients these are Ill state, healthy state and dead state using seventy four samples by interview method.
Markov chain procedure was applied with Xt defined as the state of the stroke patients at time t with three state spaces. The results obtained from the analysis shows that ill and healthy state are transient while dead state is a absorbing state. The analysis show that at the second steps(relapse) the chance of survival is 4% while death is 71%.
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1.0	INTRODUCTION
Stroke, brain damage caused by a lack of blood flow to part of the brain. In order to perform its many functions and direct activities throughout the body from walking to seeing to reasoning the brain requires a constant supply of energy, provided by the oxygen and nutrients that are delivered by the flowing blood. If blood flow is restricted or cut off at any point between the heart and the brain, portions of the brain relying on blood from the obstructed blood vessel become deprived of oxygen.
	Brain cells are extremely sensitive to such oxygen deprivation, and if they are deprived of oxygen and nutrients for more than several minutes, they, in effect, starve to death. A stroke results in permanent damage to the brain tissue – and in many cases, permanent disability to the patient. For example, a patient who has had a stroke may develop paralysis on one or both sides of the body; have difficulty with walking, eating, or other daily activities; or lose the ability to speak or understand speech. Stroke, also known as cerebrovascular accident (CVA), cerebrovascular insult (CVI), or brain attack, is when poor blood flow to the brain results in cell death. There are two main types of stroke: ischemic, due to lack of blood flow, and hemorrhagic, due to bleeding.
	
	


A key feature of stroke symptoms is that they are unexpected and develop suddenly, though they may worsen over the next several hours or days. The symptoms often primarily affect only one side of the body because blood flow is cut off to only part of the brain during a stroke. One of the most common symptoms is a sudden weakness or numbness of one side of the face or of one arm or leg. Some stroke sufferers experience a sudden dimness or loss of vision, particularly in only one eye. They may also suddenly become unable to speak or have trouble understanding speech. Sudden, severe headaches with no known cause and sudden, unexplained dizziness, unsteadiness, or falls, can also be warning signs of a stroke. Anyone who experiences one or more of these symptoms should seek medical attention immediately. 
The majority of stroke patients are left with some form of permanent disability that interferes with normal daily activities, such as walking, speech, vision, understanding, reasoning, and memory. The specific effects of a stroke vary greatly depending on what part of the brain was deprived of oxygen. For example, if blood flow is cut off from an area of the brain that controls speech, the stroke will result in a speech disability such as slurring or aphasia—the inability to express oneself through speech or writing, or the inability to understand speech. 
If the stroke damages the area of the brain that controls motor skills, a patient may have trouble walking or moving an arm. Various forms of paralysis—especially hemiplegia, or paralysis affecting one side of the body—are common after a stroke. In addition to its physical consequences, a stroke can also have psychological effects. People who have had a stroke often become depressed or feel angry and frustrated at their inability to perform tasks that, before the stroke, were easy or automatic. (WHO 2009)
The need to examine the survival chance of a stroke patient looking at the likely states of ill, Healthy and Dead. The frequency of relapse was also considered.
	1.1 
	
	TYPES OF STROKE


Think of a blood vessel as a flexible, cylindrical tube, like a straw. The flow of liquid through a straw can be impeded in two different ways: by an obstruction within the straw, or by compression or pinching from outside the straw. The flow of blood through a blood vessel can also be blocked in these two ways. The two main types of stroke, ischemic stroke and hemorrhagic stroke, correspond to these two mechanisms of flow interruption. 
	
	
	Ischemic Strokes


Ischemic strokes, which account for about 80 percent of all strokes, are caused by an obstruction in an artery, generally one of the carotid arteries, the major arteries in the neck that carry oxygen-rich blood from the heart to the brain. The path to an ischemic stroke begins when atherosclerosis, in which fatty deposits build up on the inner wall of an artery, develops in one of the carotid arteries (see Arteriosclerosis). As the fatty deposit grows, it narrows the space through which blood can flow.
Atherosclerosis does not actually cause ischemic strokes, but it sets up the conditions that make them likely to occur. The actual obstruction that cuts off blood flow in an ischemic stroke is a blood clot. Often the obstruction develops by a process known as thrombosis, the formation of a clot inside a blood vessel. A clot is likely to form at the site of an atherosclerotic deposit because the deposit causes blood to flow in a turbulent, disorderly fashion. This turbulence can cause blood to clot just as it does in response to a wound. When the blood clot, or thrombus, develops at the site of an atherosclerotic deposit and cuts off blood flow to part of the brain, a stroke results. 
An ischemic stroke can also be caused by a traveling clot, or embolus (see Embolism). In this case, the clot develops at some other location in the circulation, usually in one of the heart’s chambers. The clot then travels through the bloodstream until it encounters a vessel too small to let it pass through—often a vessel narrowed by atherosclerosis.
A transient ischemic attack (TIA) sometimes precedes an ischemic stroke. In a TIA, also known as a ministroke, strokelike symptoms develop but disappear within five minutes to 24 hours. TIAs can occur when a clot develops at the site of an atherosclerotic deposit but dissolves right away, or an embolism lodges in a narrowed vessel but is soon dislodged on its own. A TIA can also be caused by atherosclerosis alone when the narrowing of blood vessels by atherosclerosis restricts blood flow to part of the brain enough to cause strokelike symptoms. Regardless of the cause, the oxygen deprivation is not severe enough to kill brain cells, and the cells are able to bounce back from their injury. About 10 percent of ischemic strokes are preceded by TIAs. 
	
	
	Hemorrhagic Strokes


Hemorrhagic strokes account for the remaining 20 percent of all strokes. They occur when weakened blood vessels within the brain rupture and bleed into the surrounding tissue. The escaped blood can compress or pinch nearby blood vessels, cutting off blood flow and depriving the surrounding tissue of oxygen. Though hemorrhagic strokes occur less frequently than ischemic strokes, they tend to affect larger areas of the brain. Symptoms of a hemorrhagic stroke may be more sudden and more severe, and these strokes carry a greater risk of death than ischemic strokes. 
Hemorrhagic strokes can result from an aneurysm, which develops when the wall of a blood vessel weakens and thins, ballooning outward. If left untreated, the aneurysm continues to expand and weaken, increasing the likelihood of rupture. Hemorrhagic strokes can also result from an arteriovenous malformation (AVM), a cluster of enlarged, structurally weak blood vessels that forms during fetal development or possibly at birth. These malformed blood vessels are susceptible to rupture from the normal forces exerted by the flowing blood. 
	
	
	1.2  SYMPTOMS AND CONSEQUENCES OF STROKE


A key feature of stroke symptoms is that they are unexpected and develop suddenly, though they may worsen over the next several hours or days. The symptoms often primarily affect only one side of the body because blood flow is cut off to only part of the brain during a stroke. One of the most common symptoms is a sudden weakness or numbness of one side of the face or of one arm or leg. Some stroke sufferers experience a sudden dimness or loss of vision, particularly in only one eye. They may also suddenly become unable to speak or have trouble understanding speech. Sudden, severe headaches with no known cause and sudden, unexplained dizziness, unsteadiness, or falls, can also be warning signs of a stroke. Anyone who experiences one or more of these symptoms should seek medical attention immediately. 
The majority of stroke patients are left with some form of permanent disability that interferes with normal daily activities, such as walking, speech, vision, understanding, reasoning, and memory. The specific effects of a stroke vary greatly depending on what part of the brain was deprived of oxygen. For example, if blood flow is cut off from an area of the brain that controls speech, the stroke will result in a speech disability such as slurring or aphasia—the inability to express oneself through speech or writing, or the inability to understand speech. 
If the stroke damages the area of the brain that controls motor skills, a patient may have trouble walking or moving an arm. Various forms of paralysis—especially hemiplegia, or paralysis affecting one side of the body—are common after a stroke. In addition to its physical consequences, a stroke can also have psychological effects. People who have had a stroke often become depressed or feel angry and frustrated at their inability to perform tasks that, before the stroke, were easy or automatic. 
1.3  Research Aim and Objectives
The aim of this research work is to use Markov Chain methodology to study the Chance of survival of a stroke patient(s)
The Objectives are to;
1.	obtained transition matrix.
2.	study the states.
3. 	predict the like chance of each states.















CHAPTER TWO

LITERATURES REVIEW
Appelros et’al (2008) shown that stroke is more common in men than in women. Also show that in recent years, sex-specific data on stroke incidence, prevalence, subtypes, severity and case-fatality have become available from other parts of the world. 
Several methodological issues with non-randomized comparative clinical studies have been raised, one of which is whether the methods used can adequately identify uncertainties that evolve dynamically with time in real-world systems. Darong et’al (2012) study was to compare the effectiveness of different combinations of Traditional Chinese Medicine (TCM) treatments and combinations of TCM and Western medicine interventions in patients with acute ischemic stroke (AIS) by using Markov decision process (MDP) theory. MDP theory appears to be a promising new method for use in comparative effectiveness research.
Reeves.J.M et’al (2009) show that Stroke has a greater effect on women than men because women have more events and are less likely to recover. And that Age-specific stroke rates are higher in men, but, because of their longer life expectancy and much higher incidence at older ages, women have more stroke events than men. With the exception of subarachnoid hemorrhage, there is little evidence of sex differences in stroke subtype or severity. Ying Yao (2012) presented that age and gender have great impact on the distribution of stroke risk factors. 1027 patients with first-ever ischemic stroke (IS) were recruited and divided into young adult (<50 years), middle-aged (50~80 years), and very old (>80 years) groups according to stroke onset ages. Vascular risk factors were collected and compared among groups. This indicates that Female patients were globally older than male patients at stroke onset and having higher prevalence of diabetes mellitus (DM), heart diseases. 


CHAPTER THREE
METHODOLOGY
3.0	INTRODUCTION
This chapter deals with method of collection of data and its analysis. The use of Markov Chain was applied in the course of the project work.

3.1	SAMPLE SIZE
The sample size estimation was obtained through the use of choice of population (percentage). The guide of error was also looked at using 5% the sample estimate was obtained through the below


Where P = percentage sample size used

3.2	SOURCE OF DATA COLLECTION
The source of data used in this project is a primary data collected through the use of interview. The population size is one hundred and eighty size.

3.3	METHOD OF DATA ANALYSIS
The use of stochastic process was employed in the  analysis which involves Markov Chain.


3.4	STOCHASTIC PROCESS

A stochastic process is a collection of ofa.r.v index by the set T, this can also be defined as any system that develop in time or space in accordance with probability law. Stochastic process belong to the family of probability theory which is the measure of random phenomenon.
  
      Markov chains are a fundamental part of stochastic processes. They are used widely in many different disciplines. A Markov chain is a stochastic process that satisfies the Markov property, which means that the past and future are independent when the present is known.


This means that if one knows the current state of the process, then no additional information of its past states is required to make the best possible prediction of its future. This simplicity allows for great reduction of the number of parameters when studying such a process.   Markov chain is a sequence of random variables such that for any n, Xn+1 is conditionally independent of X0, .	. . . . ,Xn-1 given Xn. That is, the “next” state Xn+1 of the process is independent of the “past” states X0, .	. . . . ,Xn-1  provided that the “present” state Xn be known. It is required to possess a property that is usually characterized as "memoryless": the probability distribution of the next state depends only on the current state and not on the sequence of events that preceded it. This specific kind of "memory less" is called the Markov property. Markov chains have many applications as statistical models of real-world processes.  The stochastic process X=[Xn; nԐN] is called a Markov chain provided that
           for all j Ԑ E and nԐN.
                    	                    		1

When m=1,  Xn+1  is dependent only on the current state Xn.
							2

						3
is a one-order Markov chain, where Pij is the probability that transition is made from i to state j in one step and nij is the observation matrix.  The initial state Xo has an arbitrary probability distribution.

              n11 	n12	-	-	-        n1c     n1.
nrxc=   n21	n22	-	-	-          n2c    n2.
	ni1	 n2i	nij	-	-             -           -
                   nr1	nr2	-	-	-           nrc     nr.
                   n.1          n.2 	-	-	 -            n.c     n..         Table 1
           p11 	p12	-	-	-             p1c     .
Pij=    p21	p22	-	-	-               p2c    
               pi1	pi2	pij	-	-                pic           
                pr1	pr2	-	-	-                 prc     
                                                                                                                        Table 2

Where       

Markovian property
   P{Xn+1=j|Xn=i, Xn-1=in-1,…Xo=io}
 = P{Xn+1=j|Xn=i} =Pij						                       	4			
Pij is the transition probability, the probability of  marking a transition from i to j  

   Table 4


 Table 5
More generally, we define the n-step transition probabilities
    for n=0,1,2,..,							5

and the n-step transition matrix
 Table 6

We can now generalize (3.5)
Chapman-Kolmogorov Equations
Let m and n be two positive integers and assume X0=i. In order to get to state j in (m+n) steps, the chain will be at some intermediate state k after m steps. To obtain Pij(m+n), we sum over all possible intermediate states

                    							6
The above equation is called the Chapman-Kolmogorov Equations:



    TRANSITION MATRIX THEORY
This is related to mathematical topics known as finite Markov chains in stochastic processes. A Markov chain may be visualized as a process which moves from one state to another, as time progresses. We will develop this method with respect to the systems of stroke behavior.
State space ( ill, healthy,dead)


We define
n11= number ill before and still ill now
n12= number ill before but now healthy
n13= number ill before but now dead.
n21= number healthy before but now ill.
n22 = number healthy before and still healthy now.
n23= number healthy before but now dead.
n31= number dead before and ill now
n32=  number dead before and now healthy
n33 =   number dead before and still deadnow.
  Pij = transitional probability from state i  in generation t – 1 to state  j in generation  t,
( 0 ≤ Pij ≤ 1)
These Pij ‘s can be arranged in a matrix form


Matrix P  is known as a transition matrix or sometimes more specifically as a stochastic matrix. The transitional probabilities in each row sum to one, i.e. ,

      for     i=1,2,3 ----------------------------------------------------7
                             t

P=      t – 1   


Pij  ≥ 0   for all   i   and   j  ≥ 0           and

                   i= 0,1,2,…………r

P=(Pij)           i,j 

   X0    = initial state
bj(n)     =     P (Xn=j)      =   Probability of being at Xn=j  in  n steps

=    
Pij(n)   = Probability of going from   i               j  in n steps
DEFINITIONS
1        Accessible  state   :  A state j is said to be accessible from i if
Pij(n)   > 0     for some n ≥ 0   ,        ( i                    j )
2  Communicating state :   A  state   i  and j is said to communicate if each is accessible from each other             (i                     j)

3          A state [image: ] is recurrent if = 1.
             When a state is recurrent, it indicates that the event/trait will continue to 
              reappear with the assumption of no intervention.

4	   A state [image: ] is transient if < 1.
             Transient states indicate that the event/trait will gradually die out.














CHAPTER FOUR
DATA PRESENTATION AND ANALYSIS
4.0 Introduction
The chapter present the data and the analysis employed in the cause of the work. The summary of the data is as shown below in matrix and the analysis was done using Markov Chain process.




h

                                                                       o.1
                    o.1         0.6                         0.3I

0.6                                                                
                                0.3                                   1            d
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Line graph showing the chance of survival
Graph1
FINDINGS
Markov chain procedure was applied with Xt defined as the state of the stroke patients at time t with three state spaces. The results obtained from the analysis shows that ill and healthy states are transient (state of no return) while dead state is a absorbing state. The analysis show that at the second steps (relapse) the chance of survival is 4% while death is 71%.

















CHAPTER FIVE
SUMMARY, FINDINGS, RECOMMENDATION AND CONCLUSION
5.1	SUMMARY
Stroke, brain damage caused by a lack of blood flow to part of the brain. In order to perform its many functions and direct activities throughout the body from walking to seeing to reasoning the brain requires a constant supply of energy, provided by the oxygen and nutrients that are delivered by the flowing blood. If blood flow is restricted or cut off at any point between the heart and the brain, portions of the brain relying on blood from the obstructed blood vessel become deprived of oxygen.

5.2 FINDING OF THE STUDY  
Markov chain procedure was applied with Xt defined as the state of the stroke patients at time t with three state spaces. The results obtained from the analysis shows that ill and healthy states are transient (state of no return) while dead state is a absorbing state. The analysis show that at the second steps (relapse) the chance of survival is 4% while death is 71%.
5.3	RECOMMENDATION AND CONCLUSION 
Base on the data and the analysis obtained from the data, we can conclude as follow
· Stroke disease  is a terminal disease
· Stroke disease do relapse with low chance
· The chance of moving to absorbing state is strongly high. 
Therefore it is recommended that  more attention should be given to a stroke patient to avoid relapse. Furthermore the model can be of useful to manage the disease 
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