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Abstract 
 
Background: Stroke is a clinical syndrome consisting of rapidly developing clinical signs of focal or global disturbance of cerebral function 
that lasts more than 24 hours; and/or leads to death with no apparent cause other than a vascular -brain-origin. Stroke globally is the second 
leading cause of mortality; however, it is the third most common cause of mortality in low-income countries. This disease is causing a huge 
global burden on the economy and health care systems, with one-third of patients being dependent (partially or completely) on a caregiver. 
Thus, management and treating such cases is a vital and important aspect in the whole medical field, starting from the emergency department 
up till admission to the ward and long term follow up. Objectives: We aimed to review the literature reviewing the pathophysiology of acute 
ischemic stroke, clinical features, risk factors, diagnosis, and management of this disease in the emergency setting. Methodology: PubMed 
database was used for articles selection, papers on were obtained and reviewed. Conclusion: Acute ischemic stroke is one of the most 
common and fatal diseases that physicians in the emergency departments face almost on a daily basis. Many options of treatment are available, 
with a significantly better outcome when given early, public knowledge of alarming signs is of utmost importance. Moreover, many new 
treatment options are being studied and may prove to be the most needed breakthroughs in dealing with one of the greatest causes of morbidity 
and mortality worldwide. 
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INTRODUCTION 

Stroke is a clinical syndrome consisting of rapidly developing 
clinical signs of focal or global disturbance of cerebral 
function that lasts more than 24 hours; and/or leads to death 
with no apparent cause other than a vascular-brain-origin.[1] 
Stroke globally is the second leading cause of mortality; 
however, it is the third most common cause of mortality in 
low-income countries. Nevertheless, two-thirds of the deaths 
related to stroke happen in developing countries. Stroke as a 
spectrum can be subdivided into ischemic and hemorrhagic 
origins; and both share almost the same clinical presentation 
but differs greatly in management. Nevertheless, the relative 
prevalence of either of the two main types varies across 
countries. In the US, The incidence of acute ischemic stroke 
is about 800,000 patients per year. Additionally, experts 
expecting even more rise in the number of cases in the next 
10 years due to the aging of the population as a whole, with a 
higher rise expected in low-income countries to more than 
100%.[2] As a result, this disease is causing a huge global 
burden on the economy and health care systems, with one-
third of patients being dependent (partially or completely) on 
a caregiver.[3] Thus, management and treating such cases is a 

vital and important aspect in the whole medical field, starting 
from the emergency department up until admission to the 
ward and long-term follow up. In this paper, we will review 
the proper literature discussing pathophysiology behind 
stroke with a focus on the ischemic type, risk factors, 
diagnosis, and management options for such cases. 

 

 
 
 

 
This is an open-access article distributed under the terms of the Creative Commons  
Attribution-Non Commercial-Share Alike 3.0 License, which allows others to remix, 
tweak, and build upon the work non commercially, as long as the author is credited 
and the new creations are licensed under the identical terms. 

 

Address for correspondence: Abduljalil Hussain Almarzooq, 
Emergency Department, King Fahad Hospital Hufof, Alhasa, 

Saudi Arabia. 
Email: jalimar62 @ gmail.com 

How to cite this article: Hussain Almarzooq, A., Fahad Alshahrani, 
N., Ali Al-Hariri N., Moayad Alobaid, J., Haider Alshurafa, Z., Jafar 
Abdulmajid, T. and et al. Evaluation of Acute ischemic stroke 
management approach in the emergency department: Literature 
review. Arch Pharma Pract 2020;11(4):26-31. 



Abduljalil Hussain Almarzooq et al.: Evaluation of Acute ischemic stroke management approach in the emergency department: Literature review 

 

 

 Archives of Pharmacy Practice ¦ Volume 11 ¦ Issue 4 ¦ October – December 20201                                                                                  27 
 

METHODOLOGY 

PubMed database was used for articles selection, and the 
following keys used in the Mesh ((“Ischemic Stroke"[Mesh]) 
AND (“Diagnosis"[Mesh] OR "Management"[Mesh])). In 
regards to the inclusion criteria, the articles were selected 
based on the inclusion of one of the following topics; 
ischemic stroke evaluation, management, and diagnosis. 
Exclusion criteria were all other articles that did not have one 
of these topics as their primary endpoint. 

Review 
Ischemic stroke is one of the leading causes of death; and, 
thus, it has major attention in terms of understanding the 
whole process behind it, how to discover it, and how to treat 
it. Unfortunately, and up to the late 1990s, the general 
approach was to “wait and see” in such patients, which 
resulted in a very poor prognosis and increased burden in both 
community and health care.[4] However, nowadays with the 
major advancements in the medical field, we have a better 
understanding of the processes behind the disease, multiple 
drugs were developed and proved to be effective, and the 
overall prognosis and long-term management became a 
reality for such patients, rather than just wait with no active 
intervention. 

Pathophysiology 
The main mechanism behind ischemic stroke is the reduction 
of blood flow delivered to the brain, which results in an insult 
to its tissues. Due to the complex brain blood vessels, usually, 
ischemic strokes are focal. When the insult happens, the 
central region has almost no blood flow, and the area rapidly 
dies within minutes. However, the surrounding tissues still 
have their blood flow above the “death” threshold, but with 
below functional levels and such zone is named “penumbra”. 
This penumbra has a very limited time, and cells usually die 
after a certain period of time. Thus, such a time window is the 
main focus for clinicians to try and restore the blood flow in 
order to save such regions from permanent death.[5] 

The concept behind cell death in the center area is that the 
adenosine triphosphate (ATP) usage does not stop in the 
neurons even though the synthesis is not enough. The net 
results of such a process are; the drop of the total ATP levels, 
an increase of the total ADP, and the development of lactate 
acidosis occur as well due to the concomitant loss of ionic 
homeostasis. This starts the rapid and fatal ischemic cascade 
that involves multistep and multicell series of downstream 
mechanisms. Neurotransmitters release and inhibition of their 
reuptake is another major event in the neural tissue affected. 
With multiple neurotransmitters of note, the main one being 
glutamate, which is the main excitatory one. When this 
transmitter binds to ionotropic N-Methyl-D-aspartate 
(NMDA) and α-amino-3-hydroxy-5-methyl-4-isoxazole 
propionic acid (AMPA) receptors (iGluRs), a major influx of 
calcium happens. When overloaded, calcium activates 
phospholipases lipases, nucleases, and proteases that destroy 
the essential proteins and membranes within the cell. 
Moreover, glutamate promotes high sodium and water influx, 

which results in cell swelling, edema, and, thus, shrinking of 
the extracellular space as a whole.[6] 

The aforementioned processes result in excessive 
mitochondrial oxygen radical production and other sources of 
free radicals such as degradation of hypoxanthine and 
prostaglandin synthesis. These overall reactive oxygen 
species (ROS) will result in direct damage to nucleic acid, 
carbohydrates, lipids, and proteins These toxic material are 
very damaging due to the fact that the opposing mechanisms 
such as antioxidant enzymes –e.g. superoxide dismutase 
(SOD), catalase, and glutathione- and scavenging 
mechanisms – e.g. α-tocopherol, and vitamin C- become 
unable to oppose ROS production.[7] Along with this process, 
other neuronal death mechanisms responsible for neuronal 
death are activated, which include lipoxygenase cascade, poly 
ADP-ribose polymerase (PARP), mitochondrial transition 
pore formation, and amplified ionic imbalance. The latter 
happens due to the secondary recruitment of calcium-
permeable Transient Receptor Potential Melastatin (TRPM) 
ion channels.[8] Moreover, reactive nitrogen species that are 
abundant in these cells, along with ROS can modify the 
endogenous functions of proteins, which in a lot of cases they 
function as neuroprotective proteins. As a result, these 
cascades will eventually lead to a complex mix of necrosis, 
apoptosis, and autophagy with ultimately neuronal death.[9] 

Another factor of these ischemic insults involves the white 
matter, which is primarily composed of axonal bundles 
sheathed with myelin –formed by oligodendrocytes-. One of 
the major differences in terms of blood flow is that the white 
matter has significantly less blood flood when compared to 
the grey matter with little collateral blood supply.[10] As a 
result, the ischemia in this area is severe with tissue edema 
and rapid cell swelling. Moreover, it activates many 
proteases, which further weaken the myelin sheath and the 
structural integrity of axons. More importantly, white matter 
repairing in neuronal networks after the stroke is essential for 
recovery and regain of function. This can be induced with 
different endogenous responses that fix the white matter 
damage.[5] 

Another major event that happens primarily after the stroke is 
the initiation of inflammatory processes that will happen all 
over the ischemic region. The main importance of such an 
event is that this modulation of the immune system may lead 
to a decrease in the overall size of the infarct. Some examples 
of the recruited inflammatory cells that play a major part 
include microglial cells, macrophages/monocytes, 
neutrophils, and T-cells. However, this process may lead to 
some major negative changes as well, especially in the post-
ischemic; such as cerebral edema, neuronal cell death, and 
dysfunction of the blood-brain barrier. The microglial cells 
appear to be the main key in the inflammatory process and 
increases in the infarcted area after the stroke and can act as 
a protective and/or destructive to the tissue. It can be 
neuroprotective thanks to the production of neurotrophic 
substances including Brain-Derived Neurotrophic Factor 
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(BDNF), insulin-like growth factor I (IGF-I), and other 
growth factors. On the other hand, by releasing several pro-
inflammatory cytokines for example interleukin-1β (IL-1β), 
TNF-α, and IL-6, along with Nitric Oxide (NO), ROS, and 
prostanoids the microglial cells can be destructive to the 
neighboring tissue. Moreover, these cells can recruit other 
inflammatory cells to penumbras and thus causing possibly 
more harm. Thus, a new therapy module has been suggested 
to reduce the overall inflammation in the infarcted area. 
Moreover, multiple mediators and cells have been suggested 
to assess the outcome of stroke and its severity. The main 
examples include IL-6 and Toll-like receptor 4 for the 
severity of stroke. However, other cells such as regulatory T-
cells have shown a protective role during the stroke, and 
metalloproteinase, based on its anti-inflammatory properties 
is suggested to help in the treatment of stroke.[11] 

In regard to the origin of such blood flow disturbance, leading 
to stroke, it is mainly divided into large vessels, small vessels 
(Lacunar stroke), and cardioembolic stroke. The large artery 
stroke is when the major arteries supplying the brain 
including, the internal carotid artery, middle cerebral artery, 
anterior cerebral artery, or the vertebrobasilar system are 
affected. The lacunar strokes often involve the smaller or 
perforating blood vessels, which supply the deeper structures 
of the brain. The origin of both infarctions are either 
thrombotic or embolic, and the cardioembolic type is 
embolic. The cardioembolic variety usually has other 
diseases or risk factors associated with it (e.g. atrial 
fibrillation).[12] 

Risk Factors 
As in every major disease, stroke has been heavily studied to 
acknowledge the associated risk factors with it in order to 
lower the risk in special populations. Generally, these risk 
factors are divided into modifiable (that can be changed or 
treated) and unmodifiable risk factors. The main non-
modifiable risk factors include; older age, race, sex, ethnicity, 
history of migraine headaches, fibromuscular dysplasia, and 
family history of stroke or transient ischemic attacks (TIAs). 
On the other hand, modifiable risk factors are much more 
common and are of utmost importance due to the intervention 
and control element for each of them. The most important and 
prevalent modifiable risk factor is hypertension and for 
example, can attribute to up to 50% of the total small vessel 
strokes. Moreover, patients with resistant hypertension have 
a higher risk of developing stroke with up to 90%.[13] Other 
chronic diseases such as diabetes mellitus, dyslipidemia, 
carotid stenosis, hyperhomocysteinemia, and obesity all 
contribute to a higher risk for cerebrovascular attacks. Some 
lifestyle activities have been proven to increase the risk as 
well, these include; excessive alcohol intake, tobacco use, 
illicit drug use, and physical inactivity. Some drugs have been 
shown to have the same effect with oral contraceptives and 
postmenopausal hormones as the main examples of such 
drugs. Since one of the major causes of ischemic stroke is 
emboli, which may arise directly from the heart or the aorta, 
many cardiac diseases have been associated and identified as 

risk factors. Mainly most valvular heart diseases increase the 
risk including; infective endocarditis, rheumatic mitral or 
aortic valve disease, the usage of bioprosthetic (or 
mechanical) heart valves, fibrous nonbacterial endocarditis 
(i.e. Libman-Sacks endocarditis), and antiphospholipid 
syndrome, as well as specific arrhythmias such as atrial 
fibrillation, paroxysmal atrial fibrillation, sick sinus 
syndrome, and atrial flutter. Some studies reported that up to 
20% of patients presenting with acute ischemic stroke had 
atrial fibrillation or flutter upon presentation. Existing 
structural heart abnormalities like dilated cardiomyopathy or 
any recent myocardial infarction, along with previous 
coronary artery bypass graft surgery are important points to 
be kept in mind with any patient presenting with stroke.[14, 15] 

Clinical Features 
Clinical presentation of stroke depends greatly on which area 
of the brain is affected by the occlusion and the resulted 
ischemia. American Heart Association and American Stroke 
Association (AHA/ASA) presented an algorithm “FAST” to 
ease the recognition of stroke signs among the general public 
in a pre-hospital setting. [16] This acronym includes the rapid 
onset of facial droop, arm (and/or leg, face, or all) weakness, 
slurred speech (or not clear), and time of onset with all these 
signs alerting heading to the emergency department 
immediately. Other signs that can be noted and shall alert 
seeking medical help are; vertigo (lightheadedness or 
spinning feeling), severe headache, and disturbance of 
balance. Some other acronyms used are the 6S and the 
BEFAST method, which all can indicate the possibility of 
stroke when criteria are met. The 6S stands for; sudden (for 
the onset of symptoms), side weakening, slurred speech, 
spinning, and severe headache. The BEFAST stands for 
balance (loss of it), eyes (disturbance of vision), face (drop), 
arm weakness, and speech slur. In the ER setting the NIH 
stroke scale shall be used by the ER physician or a trained 
neurologist within 10 minutes of the patient arrival to the 
hospital. 

Diagnosis 
The most important factor in stroke diagnosis and 
management overall is time, the sooner the stroke recognized, 
and its type is identified is known, the sooner therapy can be 
initiated and the better is the overall prognosis. Thus, 
diagnosing stroke is one of the most initial skills any 
physician shall have. Lately, the NIH stroke scale has taken a 
great role in the clinical assessment of stroke probability in 
patients, especially that it assesses multiple clinical points in 
the patient. This scale addresses the patient’s level of 
consciousness, vision of the patient (horizontal eye 
movements and visual field), facial palsy, motor function (for 
arm and leg), ataxia, sensations, speech (for dysarthria and 
aphasia), and attention (for multiple types of stimuli). The 
scoring goes from 0 (which indicates a normal function) up 
to 3 or 4 (no or absent function) constituting a total of 42. 
Moreover, the score is based on ranges going from 0 (no 
stroke symptoms) to 1-4 (minor stroke probability), 5-15 
(moderate stroke probability), 15-20 (moderate to severe 
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stroke probability), and 21-42 (severe stroke probability).[16] 
However, every clinician shall have the differential diagnoses 
in the back of his mind so as not to miss any other possible 
causes. The most common differential diagnoses are TIA, 
cerebral venous thrombosis, meningitis, subarachnoid 
hemorrhage, seizure, systemic infection, brain tumors, and 
toxic-metabolic disorders (e.g. hyponatremia and 
hypoglycemia).[17] 

The next step in diagnosis is with imaging study, which needs 
to be as urgent as possible, recently a non-contrast CT scan 
became the mainstay in stroke suspected patients, and it 
immediately gives a pure differentiation between 
hemorrhagic and ischemic strokes. Moreover, Multimodal 
CT imaging (with CT angiography and perfusion) can 
identify possible large vessel occlusions and the areas of 
salvageable tissue that can be targeted and followed up. This 
study shall be aimed to be done within a 20-minute window 
after the arrival of the patient to the emergency department in 
at least half of the patients. Other tests that can be done to rule 
out other differential diagnoses including a lumbar puncture 
(to rule out meningitis or subarachnoid hemorrhage if CT 
negative for stroke). Other important imaging modalities are 
MRI with angiography (MRA), which can provide much 
more structural detail, detect early cerebral edema, and detect 
acute intracranial hemorrhage. Nevertheless, this modality is 
used less due to multiple reasons including less availability in 
emergency departments, many contradictions to MRI (like 
pacemakers, implants), and the more difficult interpretation 
of its scans.[18] 

Carotid duplex is becoming more used recently and much 
earlier in the management process to define the cause behind 
the stroke. This early recognition can guide clinicians in 
choosing the medical or the surgical pathway if severe carotid 
stenosis was diagnosed. The definitive method for 
recognizing the different vascular lesions, including stenosis, 
dissections, lesions, and aneurysms is the digital subtraction 
angiography. Moreover, transcranial Doppler 
ultrasonography is used to evaluate proximal vascular 
anatomy (e.g. middle cerebral artery (MCA), intracranial 
carotid artery, and vertebrobasilar artery).[19, 20] Other 
radiographic modalities, like echocardiography, which is 
done when cardiogenic embolism is suspected, and chest 
radiography can be obtained as long as it does not delay 
treatment. Single-photon emission CT (SPECT) scanning in 
stroke patients is exclusively used in selected institutions and 
may be indicated to further define areas of altered regional 
blood flow.[21, 22] 

Conventional angiography is the gold standard in evaluating 
for cerebrovascular disease, as well as for disease involving 
the aortic arch and great vessels in the neck. Conventional 
angiography can be performed to clarify equivocal findings 
or to confirm and treat disease seen on MRA, CTA, 
transcranial Doppler, or ultrasonography of the neck.[23] 
Along with imaging studies, blood tests are very crucial in 
these patients to stabilize them and even diagnose the possible 

pathologies behind the stroke. A complete blood count shall 
be done immediately in order to establish a baseline study, 
and its results may help to expose the cause of the stroke such 
as thrombocytosis, thrombocytopenia, polycythemia, and 
leukemia. Moreover, CBC can identify possible concurrent 
illnesses (like anemia), affect the reperfusion approach (if 
thrombocytopenia is present). Electrolytes are also important 
to measure in order to establish a baseline, recognize any 
abnormalities, stroke-like causes (such as hypoglycemia and 
hyponatremia), and evidence of ongoing illness (e.g. 
diabetes). Coagulation studies are very crucial in these 
patients to show any coagulopathy and when fibrinolytics or 
anticoagulants are intended to use. When the clinician 
suspects an underlying cardiac pathology along with the 
stroke cardiac biomarkers can provide an immeasurable 
factor in diagnosing such cases (like myocardial infarction). 
Additionally, the elevation of these markers has been 
associated with poor prognoses in many studies.[24] If the 
patient is hypoxic and the clinician wants to detect acid-base 
disturbances via arterial blood gas studies he shall remember 
that arterial punctures are to be avoided if fibrinolytic therapy 
is considered (unless absolutely necessary and under supreme 
care). ER physicians shall always perform a urine pregnancy 
test in women of childbearing age with stroke symptoms with 
no exceptions. This is due to the questionable safety of 
fibrinolytic agent recombinant tissue-type plasminogen 
activator (rt-PA) and its classification as a class C drug in 
pregnancy. Other tests like toxicology screening, antinuclear 
antibody (ANA), rheumatoid factor, homocysteine levels can 
be taken if the clinician has a high suspicion for a cause of the 
stroke or to rule out a differential diagnosis that may be 
identified via such tests.[25] 

Treatment 
Regarding treatment, the main concept is to be as fast as 
possible, since time is the most crucial factor. The patient 
loses up to 1,9 million brain cells per minute and 14 billion 
synapses in the setting of ischemic stroke.[26] 

In the emergency setting, clinicians shall always focus on 
getting the patients medically stable first and foremost with 
the ABC approach. The patient’s airway, breathing, and 
circulation need to be assessed and managed accordingly in 
order to advance in the management of these cases. Some 
large strokes and/or posterior circulation strokes may present 
with bulbar dysfunction, loss of consciousness, and 
respiratory distress. ER physician shall never let these 
patients be hypoxic and intubation should be thought of 
immediately if the airway was not protected or a ventilator 
support need is arising. As mentioned earlier a lot of tests can 
be done in the setting of any stroke patients but the most 
important one to do as per protocols, before initiating 
thrombolytic treatment, is finger stick glucose and ensuring 
the origin of the stroke (ischemic or hemorrhagic). However, 
if the patient has any history of a bleeding disorder, using 
anticoagulants and/or history of thrombocytopenia extra tests 
may be indicated including; electrocardiogram, CBC, 
Troponin, PT, INR, aPTT, ecarin clotting time, thrombin 
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time, direct factor Xa activity assay (if the patient recently 
started taking oral anticoagulants).[25] 

The general management approach afterward depends on the 
time of onset of symptoms, which is why it is critical to 
present as soon as possible to the emergency for clinicians to 
be able to take advantage of this "golden” window. CT is 
indicated immediately once the patient is stable; with the 
difference based on the patient’s time of presentation. If the 
patient presents within the first 6 hours of symptoms onset: a 
CT scan should be combined with a CT angiogram of the 
brain and neck to rule out large vessel occlusion. CT 
angiogram should not be delayed to wait for serum creatinine, 
and whenever possible the angiogram should be completed 
with the CT scan to save time for a possible mechanical 
intervention. Moreover, MRI or MR angiogram or MR 
perfusion is not indicated within the first 6 hours of symptom 
onset.[27] The main modalities available for treatment are –
intravenous- thrombolysis and mechanical thrombectomy. 
The choice of treatment depends on the patient’s condition; 
for example, if the patient is not using any antithrombotics or 
anticoagulants, with a normal coagulation profile, then the 
administration of recombinant tissue plasminogen activator 
(rt-PA) is indicated. Nevertheless, and if the lab results are 
not available or may delay the treatment, the clinician can 
start giving rt-PA if he/she has no suspicions for any 
coagulation abnormalities after examining the patient and 
from history. Thrombolytic agents –including rt-PA- aid 
generally in clot dissolution and restoration of the blood flow, 
which will prevent the death of neurons; ultimately leading to 
clinical improvement.[28] Some other medications that may be 
indicated in these patients include anticonvulsants (e.g. 
diazepam, and lorazepam) and antiplatelets (such as aspirin 
and clopidogrel). The main indication for anticonvulsants is 
in patients with a seizure history or presenting with seizure, 
the risk of developing recurrent seizures post-stroke is life-
threatening. Early antiplatelet therapy is recommended to be 
given after 24 hours of rt-PA administration and no later than 
48 hours from the onset of symptoms. Moreover, it is not an 
alternative to IV fibrinolysis and to be avoided if the 
hemorrhagic stroke was not ruled out. Moreover, the 
American Heart Association recommends starting all patients 
with atrial fibrillation presenting with stroke on 
anticoagulation in the treatment approach, but the timing and 
the effects on outcome remain questionable.[29-31] 

CONCLUSION 

Stroke is one of the most common and fatal diseases that 
physicians in the emergency departments face almost daily. 
This pathology does not only directly impact patients’ life but 
also their environment and society as a whole. Therefore, 
lowering the overall mortality and morbidity by seeking the 
medical attention as soon as possible is critical in these cases. 
Thus, raising public knowledge to identify the signs of 
strokes early shall be the main point of emphasis in the 
approach to this disease as a community. This is especially 
true since many options of treatment are available with a 
significantly better outcome when given early. However, 

many new treatment options are being studied and may prove 
to be the most needed breakthroughs in dealing with one of 
the greatest causes of morbidity and mortality worldwide. 
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