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ABSTRACT

Globally, stroke is the second leading cause of mortality and disability, and the incidence is predicted to rise in the
future with the increasing ageing population and a number of young-onset cases. Of the two types of stroke, hemorrhagic
and ischemic, ischemic stroke is the most common form and accounts for approximately 87% of cases. It results from the
disruption of blood flow to the brain, which occurs with the obstruction of blood vessels; the loss of blood circulation
results in the loss of nutrients and oxygen reaching the brain, which leads to the death of neurons and the loss of neurologic
function. The characteristics of ischemic stroke include neurologic and systemic inflammation, comorbidity, and severe
disability. The initial injury in a stroke can lead to death, and survivors are often left with severe disabilities such as
hemiplegia, paralysis or weakness that affects one side of the body. Coexisting medical conditions, such as diabetes
mellitus and cardiovascular disease, are essential to stroke. They are usually the cause of the stroke itself, and the severity
and type can is associated with long-term outcomes and mortality. Here, we examine these dimensions in ischemic stroke
and the ways in which they ultimately predict patient outcomes.
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INTRODUCTION

Stroke is the second leading cause of disability and mortality worldwide, with 13.7 million strokes reported globally
in 2016 (1, 2), and ischemic stroke accounting for approximately 87% of these (3). The incidence of stroke is expected to
increase drastically due to the ageing population and rising number of young people affected in lower and middle-income
nations (1).

Ischemic stroke results from the obstruction of blood vessels which supply the brain with blood; the loss of blood
circulation prevents oxygen and nutrients from reaching the brain, resulting in the death of neuronal cells and the loss of
neurologic function. Stroke can occur from the blockage of arterial circulation, an ischemic stroke, or a burst blood vessel
in the brain, a hemorrhagic stroke. Between these two main forms, ischemic stroke is the most common type and a leading
neurovascular cause of death and disability (4). Atherosclerosis is the primary cause of ischemia and can cause cerebral
thrombosis or embolism.
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Brain ischemia is characterized by neurologic and systemic inflammation, comorbidity, and severe disability. In this
paper, we highlight the role of inflammation in ischemic stroke, the related sequela that accompanies and leads to stroke,
and the debilitating aftereffects.

Post-stroke inflammation

The loss of blood circulation to the brain that results from ischemic stroke induces a complex chain of biochemical
and molecular events, the ischemic cascade, that causes a local neuroinflammatory response and affects systemic
immunity (5). There are three general phases of immune response that affect systemic immunity after stroke.

Immediately following the onset of stroke, the peripheral immune system responds to brain injury, which is then
followed by a state of immunosuppression with loss of immune cells and responsiveness, increasing susceptibility to
stroke-associated infections such as pneumonia (6). Finally, a chronic third phase of sustained low-grade inflammation
occurs in the aftermath of a stroke, which is believed to impact the severity of patient outcomes (5).

The initial ischemic injury may produce necrosis of brain cells, while the following ischemic cascade results in further
cerebral injury over the course of progressing hours and days (7). Innate immune cells circulating in the brain are engaged
at the start of the stroke, followed by the invasion of blood-borne immune cells and the activation of immune cells such
as microglia and mast cells residing in the brain (8). Intravascular inflammatory events activate the complement system,
which adds to cerebral damage.

Neutrophils are recruited immediately and release metalloproteases (MMP9), elastase, cathepsin G, reactive oxygen
and nitrogen species, and the pro-inflammatory cytokine interleukin (IL)-1 (9,10), which mediate inflammation.
Peripheral immune cells may enter the brain through the blood-brain barrier (BBB), which opens within hours following
ischemic stroke; the choroid plexus and monocytes and neutrophils may also enter through skull-meninges connections
such as the leptomeningeal vessels (11,12).

Microglia engage in phagocytosis but are initially activated before the death of neurons, and it appears that microglia
involvement has a beneficial effect on limiting post-stroke inflammation (13). On the other hand, microglia activation
leads to the release of inflammatory cytokines, which participate in brain damage. Damage-associated molecular patterns
(DAMPS) and cytokines generated in the brain in the initial phase of ischemic injury can infiltrate circulation, activating
systemic immunity and triggering inflammation (14).

Post-stroke, systemic inflammation can cause acute and chronic complications for patients. With stroke, there is an
acute systemic inflammatory reaction and a longer-term low-grade inflammatory response; the combination of these two
reactions has been associated with decreased functional outcomes and higher mortality rates in stroke survivors (15).
Plasma levels of different inflammatory markers, including the cytokines IL-1, IL-6, and C-reactive protein, have been
seen to be elevated in stroke patients (16), and can predict stroke recurrence and functional outcome (17). IL-6 binds to
its IL-6 receptors on brain endothelial cells, leading to the increased release of prostaglandin E2 (PGE2), which stimulates
the hypothalamus, causing body temperature to rise and producing fever and mediating inflammation (18) (Fig.1).
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Fig. 1. Impact of stroke on the brain. Stroke affects brain cells, including microglia and mast cells which secrete
inflammatory cytokines after activation, such as IL-1 and IL-6, as well as prostaglandins (PGE2 and PGD2,
respectively).
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Much research has begun to focus on the immunological mechanisms underlying stroke, hoping that the modulation
of neuroinflammatory pathways could have therapeutic implications (8).

Comorbidity

Comorbidities are a central element of ischemic stroke and are usually the cause of stroke in adults. These
comorbidities can be preexisting or post-stroke acquired, with the most frequent being cardiovascular diseases and
diabetes mellitus. In fact, the incidence of stroke occurring in the absence of other medical conditions is very low,
having been suggested to occur in less than 6% of cases (19,20). Coexisting medical disorders also have great effects on
post-stroke outcomes for patients, as they may affect the patient’s participation in rehabilitation as well as the efficacy
of such treatment.

Medical complications following stroke are common, reported in 40%-96% of patients, and are associated with poor
outcomes (21-23) and negative implications for rehabilitation. In one study, stroke severity, atrial fibrillation, and the
comorbidity of coronary artery disease and diabetes were associated with disadvantageous outcomes (24). Another
study showed a negative correlation between functional outcomes at discharge and mortality rates and the severity and
number of coexisting medical conditions in post-stroke patients (25). Frequent comorbid conditions in stroke include
hypertension, hypertensive cardiovascular disease, coronary heart disease, diabetes mellitus, obesity, tumor, arthritis,
and cardiovascular diseases (24,26). Cardiovascular diseases frequently occur as comorbidity and were seen to affect
40% of post-stroke patients during inpatient rehabilitation (27). However, some stroke-related comorbidities can be
modifiable such as atherosclerosis, diabetes mellitus, infections, and certain cardiovascular diseases. For example,
hypertension is the most prevalent comorbidity for stroke patients and is a modifiable risk factor.

Furthermore, the inflammatory response occurring after ischemic stroke causes immunodepression associated with
post-stroke infections (6). Combined with coexisting medical disorders, modifiable and non-modifiable risk factors
influence the mortality rates of stroke patients (28).

Post-stroke disability

Stroke is a leading cause of death, and survival is often accompanied by severe chronic disabilities (29).
Additionally, functional deficits following stroke are associated with readmission in hospital, mortality, and early death
(30). Disability following ischemic stroke affects between 24%-54% of survivors (31). The burden of disability is more
drastic in low and middle-income nations, where regional medical services and rehabilitative care may be lacking, and
environmental factors may increase the incidence and severity of post-stroke disability (32).

The location and severity of brain damage predicts the long-term effects produced after stroke, and other factors that
influence disability include age of patient at stroke onset, neurological and cognitive deficits, depression, and social
support (32). About 70-80% of patients who survive stroke will have disabilities that require rehabilitation and long-
term care (33). Data from an Australian study has shown that just over one-third of stroke survivors suffered from a
disability that affected their daily functioning, and that of these, 12% needed residential care (34).

Disabilities vary, but frequently there can be changes in speech, learning, and cognition, and hemiplegia, paralysis
or weakness that affects one side of the body. Furthermore, stroke may also produce permanent loss of function.
Hemiplegia produces diverse complications with motor, cognitive, perceptive, and sensory abnormalities, in addition to
visual and language complications (35). The rate of upper-limb disorders is very high post-stroke, with 85% of patients
affected in the acute stage, with the frequency dropping to 55-75% after 3 to 6 months from stroke (36,37). Patients
often have a deterioration in motor skills that can affect grip strength, causing problems with holding onto objects and
the ability to perform a variety of tasks (38). This impairment can greatly reduce patients’ self-care and socialization
abilities.

Permanent disability interferes with the everyday functioning of patients, affecting their ability to care for
themselves and participate in social activities, which ultimately leads to a significantly reduced health-related quality of
life (39,40). Post-stroke depression is another prevalent disorder affecting survivors, with studies showing a prevalence
rate in between 18%-61% of post-stroke patients (41,42). Depression after stroke has also been related to functional
disability, affecting cognition, balance, walking ability, and patient independence (43,44).

Early treatment and rehabilitation are vital to reduce the impact of disability and can improve recovery and patient
outcomes and reduce overall healthcare needs.
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CONCLUSIONS

Cerebral stroke is a leading cause of death and disability in the modern world, and the incidence is expected to rise
drastically over the next decades. Three key features characterize ischemic stroke: neurologic and systemic inflammation,
comorbidity, and disability.

Ischemic stroke occurs when there is a disruption in blood circulation in the brain, which results in brain damage with
severe consequences. In stroke, the interruption of blood circulation can lead to death or the loss of neurologic function,
and survivors are often left with serious chronic disabilities that affect daily functioning and quality of life. These
disabilities can include changes in speech, learning, and cognition, and hemiplegia. After the initial ischemic injury, an
inflammatory cascade proceeds that results in neuroinflammation and affects systemic immunity. These inflammatory
events create a higher rate of susceptibility to stroke-associated infections and may ultimately impact the severity of
patient outcome.

Another characterizing feature of ischemic stroke is comorbidity, which is often the initial cause of stroke and an
aggravating factor in rehabilitation and recovery. Furthermore, the severity and number of coexisting medical conditions
in post-stroke patients have been associated with long-term outcomes and mortality rates. Comorbidities vary, with
cardiovascular disease and diabetes mellitus being the most prominent and frequent.

Stroke is responsible for a high level of mortality and produces debilitating consequences in its aftermath. Recently,
the immunological mechanisms underlying stroke have emerged as a course of study with the hope that they could be of
therapeutic value. Further research is necessary to provide further insight into the mechanisms of stroke and to develop
new treatments.
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