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The treatment of acute ischemic stroke is dependent on timely recognition. After ensuring airway, 

respiratory and circulatory stability, NIHSS should be performed and urgent CT scan obtained. If no 

exclusions exist, recombinant tissue plasminogen activator (rtPA) should be administered as soon as 

possible. Select patients may be eligible for mechanical thrombectomy. Stroke patients should be 

admitted to a dedicated stroke service to determine stroke mechanism, manage risk factors, and initiate 

preventive therapies. 

 

 

INTRODUCTION 

 

Epidemiology 

800,000 strokes occur in the United States (US) 

each year with 80% being first time events (1). 

A large international study recently identified 

hypertension, lack of exercise and elevated 

serum lipids as the most significant risk factors 

for an acute stroke (2). Attention to these and 

other independent stroke predictors including 

diabetes mellitus, obesity, smoking and 

cardiovascular disease decreased stroke 

incidence in the last 30 years (3). Adoption of 

the Mediterranean diet alone can reduce first 

stroke events by 40% (4). The use of statins and 

antihypertensive medications correlates with a 

40% decrease rate of stroke in Medicare patients 

older than the age of 65 (5). Recurrent stroke 

rates dropped from 9% in the 1960s to 5% in the 

2000s with a projected rate of under 3% in the 

coming decade (6).  Despite these trends, stroke 

remains the second leading cause of death 

worldwide, the fifth leading cause of death in the 

US and a primary cause of long-term disability 

(1,7). 

Significant ethnic, gender and 

geographic stroke disparities exist. Although 

stroke is more common in men younger than 79 

years old than in women (8), the lifetime risk of 

stroke is higher in woman due to a longer life 

expectancy (9). Stroke symptoms are more 

common in blacks than whites, and in those with 

lower economic and educational status (10).  

Although stroke incidence declined among white 

Americans between 1990 and 2005, stroke 

incidence in blacks remained unchanged (11). 

Black and Mexican Americans also have a 

higher incidence of both young age stroke and 

stroke-related deaths than white Americans 

(1,12). Reflecting this ethnic disparity, stroke 

mortality is 20% higher in the Southeast stroke 

belt of the US (13). 

 

Pathophysiology 

More than 85% of strokes are ischemic with the 

remainder being hemorrhagic (1). The Trial of 

ORG 10172 in the Acute Stroke Treatment 

(TOAST) etiologic classification system divides 

ischemic strokes based on their etiology as 

follows: large-vessel atherosclerosis, 

cardioembolic source, small-vessel disease, 

other determined causes, and cryptogenic (14). 

A recent analysis of an acute ischemic stroke 

confirmed by diffusion-weighted imaging 
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(DWI) in a large Asian cohort utilizing TOAST 

classification found large-artery atherosclerosis 

to be the most common stroke subtype with the 

middle cerebral artery (MCA) territory most 

frequently affected (15). However, a non-Asian 

population determined cardioembolic stroke to 

be the most common subtype (16). In fact, atrial 

fibrillation, the prevalence of which is estimated 

to rise to 12 million in the US by 2030, 

independently increases stroke risk five-fold 

across all ages (17,18). 

Although stroke was once defined as the 

rapid development of disturbed cerebral function 

lasting at least 24 hours or leading to death (19), 

clinically “silent” strokes occur in 20% of 

healthy elderly patients (20), and one third of 

transient ischemic attacks result in an acute 

ischemic lesion on an MRI (21). The modern 

definition of stroke encompasses retinal, brain, 

or spinal cord ischemic cell death as defined by 

neuroimaging, neuropathology, or clinical 

examination (22).  

How quickly clinical symptoms of a 

cerebral ischemia emerge following a vascular 

occlusion depends on the rate at which cerebral 

autoregulation fails to perfuse collateral blood 

vessels (23). Cerebrovascular hemodynamic 

compromise is first met by a compensatory 

increase in cerebral blood volume in order to 

maintain constant cerebral blood flow (24). 

After cerebral vasodilation is maximized, blood 

oxygen extraction increases in an attempt to 

maintain tissue viability. However, as this 

autoregulatory process is overwhelmed, cerebral 

blood flow decreases resulting in tissue 

hypoperfusion and the formation of an ischemic 

penumbra—tissue that is no longer 

metabolically functional although still viable 

(25). If perfusion to the penumbra is not 

increased in a timely manner, an ischemic core 

of irreversible cell death results.  

 

Times is Brain 

It is estimated that two million neurons die for 

every minute that reperfusion is delayed (26). 

Intravenous thrombolysis via recombinant tissue 

plasminogen activator (rtPA; alteplase) within 

4.5 hours is safe and effective for many acute 

stroke patients (27-30). rtPA increases the 

likelihood of patient independence at three 

months and is now recommended equally for 

those younger and older than the age of 80 (27). 

However, its use is extremely time dependent 

(28). Every 30-minute delay in reperfusion by 

intra-arterial therapy decreases a good clinical 

outcome by 15% (29). The use of prehospital 

screening tools such as the Cincinnati 

Prehospital Stroke Scale or Los Angeles 

Prehospital Stroke Screen can readily identify 

stroke patients in the field. The Rapid Arterial 

Occlusion Evaluation (RACE) scale has also 

been shown to accurately identify patients with 

large arterial occlusion in the prehospital setting 

(30). The recent advent of formal telemedicine 

stroke guidelines (31) and the developing 

concept of mobile stroke units are addressing the 

profound problem of thrombolysis 

underutilization in acute stroke management 

(32). With the indisputable efficacy of 

endovascular thrombectomy (NNT = 2.6) and an 

intervention window of up to 7.3 hours, the 

opportunity to treat an acute ischemic stroke has 

never been greater (33,34).  

 

DIAGNOSIS  

 

Clinical Diagnosis 

A patient suspected of having an acute stroke 

should be treated emergently. After ensuring 

respiratory and hemodynamic stability, it is 

crucial to confirm the time the patient was last 

known to be well. Knowledge of the last known 

well will determine if the patient is within the 

time window for an acute intervention. Although 

a general screening assessment may be 

performed by the nursing staff, it is most 

important that the National Institute of Health 

Stroke Scale (NIHSS) be performed.  

NIHSS is a standardized assessment of 

level of consciousness, language, neglect/ 

extinction, visual fields, eye movements, facial 

symmetry, motor strength, sensation, and 

coordination as demonstrated in Table 1 (35). 

The NIHSS can be performed quickly by various 

healthcare providers, and the certification can be 

obtained online for minimal to no cost (36). 

Baseline NIHSS score <6 increases the 

likelihood of a good recovery while scores >16 

increase the likelihood of a severe disability or 

death (37). A future outcome at 3 months is best 

predicted by the baseline NIHSS score. A cut off 
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score of 13 on the NIHSS reliably predicts 

patient independence (38).  

 

 

 

Table 1.  National Institutes of Health Stroke Scale (NIHSS)  

1a. Level of Consciousness 0 = Alert; keenly responsive.  

1 = Not alert; but arousable by minor stimulation to 

obey, answer, or respond.  

2 = Not alert; requires repeated stimulation to attend, or 

is obtunded and requires strong or painful stimulation 

to make movements (not stereotyped). 3 = Responds 

only with reflex motor or autonomic effects or totally 

unresponsive, flaccid, and areflexic. 

1b. LOC Questions 0 = Answers both questions correctly.  

1 = Answers one question correctly.  

2 = Answers neither question correctly. 

1c. LOC Commands 0 = Performs both tasks correctly.  

1 = Performs one task correctly.  

2 = Performs neither task correctly. 

2. Best Gaze 0 = Normal.  

1 = Partial gaze palsy; gaze is abnormal in one or both 

eyes, but forced deviation or total gaze paresis is not 

present.  

2 = Forced deviation, or total gaze paresis not 

overcome by the oculocephalic maneuver. 

3. Visual 0 = No visual loss.  

1 = Partial hemianopia.  

2 = Complete hemianopia.  

3 = Bilateral hemianopia (blind including cortical 

blindness). 

4. Facial Palsy 0 = Normal symmetrical movements.  

1 = Minor paralysis (flattened nasolabial fold, 

asymmetry on smiling).  

2 = Partial paralysis (total or near-total paralysis of 

lower face).  

3 = Complete paralysis of one or both sides (absence of 

facial movement in the upper and lower face). 

5. Motor Arm 0 = No drift; limb holds 90 (or 45) degrees for full 10 

seconds.  

1 = Drift; limb holds 90 (or 45) degrees, but drifts 

down before full 10 seconds; does not hit bed or other 

support.  

2 = Some effort against gravity; limb cannot get to or 

maintain (if cued) 90 (or 45) degrees, drifts down to 

bed, but has some effort against gravity.  

3 = No effort against gravity; limb falls.  

4 = No movement. UN = Amputation or joint fusion, 

explain: _____________________  

5a. Left Arm  

5b. Right Arm 

6. Motor Leg 0 = No drift; leg holds 30-degree position for full 5 

seconds.  

1 = Drift; leg falls by the end of the 5-second period 

but does not hit bed.  

2 = Some effort against gravity; leg falls to bed by 5 
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seconds, but has some effort against gravity.  

3 = No effort against gravity; leg falls to bed 

immediately.  

4 = No movement. UN = Amputation or joint fusion, 

explain 

6a. Left Leg  

6b. Right Leg 

7. Limb Ataxia 0 = Absent.  

1 = Present in one limb.  

2 = Present in two limbs.  

UN = Amputation or joint fusion, explain 

8. Sensory 0 = Normal; no sensory loss.  

1 = Mild-to-moderate sensory loss; patient feels 

pinprick is less sharp or is dull on the affected side; or 

there is a loss of superficial pain with pinprick, but 

patient is aware of being touched.  

2 = Severe to total sensory loss; patient is not aware of 

being touched in the face, arm, and leg. 

9. Best Language 0 = No aphasia; normal.  

1 = Mild-to-moderate aphasia; some obvious loss of 

fluency or facility of comprehension, without 

significant limitation on ideas expressed or form of 

expression. Reduction of speech and/or 

comprehension, however, makes conversation about 

provided materials difficult or impossible. For 

example, in conversation about provided materials, 

examiner can identify picture or naming card content 

from patient’s response.  

2 = Severe aphasia; all communication is through 

fragmentary expression; great need for inference, 

questioning, and guessing by the listener. Range of 

information that can be exchanged is limited; listener 

carries burden of communication. Examiner cannot 

identify materials provided from patient response.  

3 = Mute, global aphasia; no usable speech or auditory 

comprehension. 

10. Dysarthria 0 = Normal.  

1 = Mild-to-moderate dysarthria; patient slurs at least 

some words and, at worst, can be understood with 

some difficulty.  

2 = Severe dysarthria; patient's speech is so slurred as 

to be unintelligible in the absence of or out of 

proportion to any dysphasia, or is mute/ anarthric. UN 

= Intubated or other physical barrier, explain 

11. Extinction and Inattention (formerly Neglect) 0 = No abnormality.  

1 = Visual, tactile, auditory, spatial, or personal 

inattention or extinction to bilateral simultaneous 

stimulation in one of the sensory modalities.  

2 = Profound hemi-inattention or extinction to more 

than one modality; does not recognize own hand or 

orients to only one side of space. 

 

The use of the NIHSS may help exclude 

stroke mimics (39). Several studies show that 

alternate diagnoses are found in 22 to 38% of 

suspected stroke cases (40-42). It is essential to 

distinguish stroke from notable mimics since 

rtPA administration not only exposes the patient 
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to unnecessary bleeding risk, but also costs more 

than $5400 on average (43). Notable stroke 

mimics include seizure, encephalopathy, 

syncope, migraine, sepsis, and toxic/ metabolic 

derangements (42). Compared to mimics, stroke 

is more likely if a patient has almost any focal 

neurological symptom, such as subjective hand 

weakness or objective hemiparesis (42). Stroke 

is also more common with a normal mental 

status, NIHSS 1b score of 0, admission to a 

cardiology service, atrial fibrillation at the time 

of onset or during hospitalization, history of 

prior stroke and obesity (40,42,44). In contrast, 

increased likelihood of a stroke mimic is seen 

with patients exhibiting objective confusion, 

known history of cognitive impairment, loss of 

consciousness, seizure at onset, retained ability 

to walk, and absence of lateralizing symptoms 

(40,42,44). In-hospital stroke alerts are typically 

activated by nurses or physicians when a 

patient's neurological status acutely changes 

from his/ her baseline. Nurses have been found 

to effectively identify in-hospital ischemic 

events and activate stroke alerts earlier (45). 

 

Neuroimaging for Diagnosis 

The non-contrast head CT scan remains the first-

line imaging study in suspected stroke patients 

(46). The National Institute of Neurological 

Disorders and Stroke (NINDS) Brain Attack 

algorithm for stroke assessment recommends CT 

within the first 25 minutes of symptom 

recognition (46). It is readily available, quick 

and allows for timely rtPA administration within 

the recommended 3 to 4.5 hour window when 

indicated. Identifying hemorrhage is a 

fundamental step prior to rtPA administration 

since the thrombolytic therapy may produce 

lethal bleeding in patients with intracranial 

hemorrhage. Such bleed is recognized on CT as 

a hyperdense signal (46). An early CT finding of 

ischemia is a loss of gray-white matter 

differentiation in the basal ganglia or the insular 

cortex (insular ribbon sign). This is a time 

dependent sign, more likely to be visible at 6 

hours after the stroke (46). CT also helps 

identify arterial occlusion with thrombus, which 

appears as a hyperdensity of the involved large 

artery (46,47). Typical locations are the M1 

segment of the middle cerebral artery 

(hyperdense MCA sign), within the Sylvian 

fissure, basilar artery (dot sign), the posterior 

cerebral artery, or the anterior cerebral artery 

(46,47). This early finding may predict early 

deterioration, worse prognosis and greater risk 

of hemorrhage following thrombolysis (46). 

Distal MCA branch occlusions have less 

swelling and mass effect compared to internal 

carotid artery (ICA) and proximal MCA 

occlusions with less serious clinical implications 

(48). 

Early hypoattenuation on a CT reflects 

severe hypoperfusion and possible irreversible 

damage (49). Detection of MCA territory 

hypodensity on hyperacute CT scans is a 

sensitive, prognostic, and reliable indicator of 

the amount of MCA territory undergoing 

infarction (50).VonKummar et al showed that 

less than 33% of the MCA territory parenchymal 

hypoattenuation predicted a good response to 

rtPA (51). Frank hypodensity within 6 hours or 

damage to one third or more of the MCA 

territory predicts poor prognosis and malignant 

edema (48). Other early parenchymal signs 

include attenuation of lentiform nucleus, 

hemispheric sulcal effacement and a midline 

shift (52). On the initial emergency CT scan, 

overt non-stroke processes must also be 

confidently excluded, such as tumor, subdural/ 

epidural hematoma, and a subarachnoid 

hemorrhage (46). Nevertheless, a non-contrast 

CT cannot definitively differentiate the ischemic 

core of irreversible cell death from the ischemic 

penumbra, which is at risk of infarction but 

salvageable by targeted reperfusion strategies. 

This crucial distinction is made by CT perfusion 

scanning with a sensitivity and specificity of 

more than 90% despite its limited spatial 

coverage (46,53). It is especially useful in wake-

up strokes or strokes with undetermined time of 

onset (54).  

CT angiography (CTA) is a rapid 

technique that allows extensive visualization of 

vessels from the aortic arch to the entire circle of 

Willis as well as the collaterals within seconds. 

It has 100% sensitivity and 82-100% specificity 

for identifying occlusions (46, 55-57).  It is also 

superior to a carotid ultrasound in differentiating 

high grade carotid stenosis from an occlusion 

(58). Due to its high accuracy and speed, CTA is 

highly valuable in the rapid triage of hyperacute 

stroke patients to intra-arterial thrombolytic 
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treatment (59). CTA is also beneficial in 

recognizing large non-stenotic plaques, more 

common in the ipsilateral carotids, which are 

implied in cryptogenic strokes (60). Multiphase 

CTA is an imaging tool that provides three time-

resolved images of pial arterial filling in the 

whole brain; it has excellent inter rater 

agreement, especially for anterior circulation 

occlusions (61,62). Multimodal CT evaluation 

improves detection rate and prediction of the 

final size of an infarction in comparison with 

unenhanced CT, CT angiography, and perfusion 

CT alone (63). The role of magnetic resonance 

imaging (MRI) in acute ischemic stroke is a 

topic of ongoing study. MRI can aid appropriate 

selection of patients who need endovascular 

therapy and decrease exposure to invasive 

procedures in inappropriate patients thus 

improving outcomes and patient safety (64). 

 

 

TREATMENT 

 

Currently the only USFDA approved medical 

therapy for an acute ischemic stroke within 3 

hours of last known normal is intravenous rtPA. 

The recommended dose is 0.9 mg per kg body 

weight with 10% given as an initial bolus. The 

NINDS rtPA stroke study demonstrated a 

benefit of intravenous rtPA therapy for patients 

with ischemic stroke compared to placebo 

regardless of the stroke subtype. As compared to 

placebo, patients treated with rtPA were at least 

30% more likely to have minimal or no 

disability at three months with no increase in 

mortality (65). Multiple trials have demonstrated 

a greater benefit when treatment is initiated 

within 3 hours of the onset of symptoms (66). 

Patients with NIHSS of 20 or more have an 

increased risk of a hemorrhagic transformation 

of the ischemia after rtPA (67). It is 

recommended that acute stroke patients be 

admitted to specialized, dedicated stroke units 

whenever possible as they are associated with a 

higher rate of timely administration of rtPA 

when compared to hospitals without stroke units 

(67). 

Intravenous rtPA administration 3 to 4.5 

hours after the onset of stroke symptoms is 

associated with a modest but significant 

improvement in the clinical outcome, without a 

higher rate of symptomatic intracranial 

hemorrhage than that reported among patients 

treated within 3 hours (65). Treating patients 

outside these times is associated with an increase 

of hemorrhagic complications and death (66). 

Additionally, the extended time window for 

rtPA (i.e., 3-4.5 hours from last known normal) 

has additional exclusion criteria. These include a 

prior history of stroke and concomitant diabetes, 

any PT/INR if history of anticoagulation use, 

NIHSS >25, and age > 80 years.  

rtPA has a clear benefit in treatment in 

elderly stroke patients, those with severe stroke, 

those with diabetes mellitus and hyperglycemia, 

and those with minor early ischemic changes 

evident on computed tomography (27). The most 

common exclusion found for rtPA is delay in 

presentation to medical attention (69-71). Others 

include recent intracranial surgery, significant 

head trauma and on-going GI/ GU bleeding (27). 

The table shows the typical inclusion and 

exclusion criteria used prior to rtPA 

administration (Table 2) (27). 

 
Table 2. Inclusion and exclusion criteria for rtPA within 3 hours from last known well following acute ischemic 

stroke 

 Inclusion criteria: 

 Diagnosis of ischemic stroke causing measurable neurological deficit  

 Onset of symptoms<3 hours before beginning treatment 

 Aged ≥18 years  

 Exclusion criteria: 

 Significant head trauma or prior stroke in previous 3 months  

 Symptoms suggest subarachnoid hemorrhage  

 Arterial puncture at noncompressible site in previous 7 days  

 History of previous intracranial hemorrhage  

 Intracranial neoplasm, arteriovenous malformation, or aneurysm  

 Recent intracranial or intraspinal surgery  
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 Elevated blood pressure (systolic >185 mm Hg or diastolic >110 mm Hg) 

 Active internal bleeding  

 Acute bleeding diathesis, including but not limited to  

 Platelet count<100 000/mm³ 

 Heparin received within 48 hours, resulting in abnormally elevated Aptt greater than the upper limit of 

normal  

 Current use of anticoagulant with INR >1.7 or PT >15 seconds 

 Current use of direct thrombin inhibitors or direct factor Xa inhibitors with elevated sensitive laboratory 

tests (such as aPTT, INR, platelet count, and ECT; TT; or appropriate factor Xa activity assays)  

 Blood glucose concentration<50 mg/Dl (2.7 mmol/L) 

 CT demonstrates multilobar infarction (hypodensity>1/3 cerebral hemisphere) 

 Relative exclusion criteria:  

 Recent experience suggests that under some circumstances—with careful consideration and weighting of 

risk to benefit—patients may receive fibrinolytic therapy despite 1 or more relative contraindications. 

Consider risk to benefit of IV rtPA administration carefully if any of these relative contraindications are 

present:  

 Only minor or rapidly improving stroke symptoms (clearing spontaneously)  

 Pregnancy  

 Seizure at onset with postictal residual neurological impairments  

 Major surgery or serious trauma within previous 14 days  

 Recent gastrointestinal or urinary tract hemorrhage (within previous 21 days)  

 Recent acute myocardial infarction (within previous 3 months) 

 Notes: 

 The checklist includes some FDA-approved indications and contraindications for administration of IV rtPA 

for acute ischemic stroke. Recent guideline revisions have modified the original FDA-approved indications. 

A physician with expertise in acute stroke care may modify this list. 

 Onset time is defined as either the witnessed onset of symptoms or the time last known normal if symptom 

onset was not witnessed. 

 In patients without recent use of oral anticoagulants or heparin, treatment with IV rtPA can be initiated 

before availability of coagulation test results but should be discontinued if INR is >1.7 or PT is abnormally 

elevated by local laboratory standards. 

 In patients without history of thrombocytopenia, treatment with IV rtPA can be initiated before availability 

of platelet count but should be discontinued if platelet count is <100 000/mm³. 

 aPTT indicates activated partial thromboplastin time; CT, computed tomography; ECT, ecarin clotting time; 

FDA, Food and Drug Administration; INR, international normalized ratio; IV, intravenous; PT, partial 

thromboplastin time; rtPA, recombinant tissue plasminogen activator; and TT, thrombin time 

 

Some stroke patients may be eligible for 

mechanical embolectomy (72). Endovascular 

therapy with clot retrievers, revascularization 

devices, or endovascular rtPA administration 

have all shown to have better revascularization 

rates, outcomes and prognosis compared to IV 

rtPA alone (73). Studies have shown that 

endovascular thrombectomy is beneficial, 

especially in strokes of anterior circulation, in 

patients >80 years of age and may be useful in 

those not eligible for IV rtPA(33). Recent 

mechanical thrombectomy trials have shown 

improved functional outcomes in patients who 

received a combination of rtPA followed by 

mechanical thrombectomy (74-76). A meta-

analysis showed that endovascular 

thrombectomy with medical therapy resulted in 

better outcomes at 3 months than medical 

therapy alone in large vessel strokes. The benefit 

was insignificant when thrombectomy was 

performed 7.3 hours after the symptom onset 

(34).  

Decompressive hemicraniectomy may 

be necessary in patients with large ischemic 

stroke who develop malignant cerebral edema 

and decreased level of consciousness. It reduces 

mortality and is recommended in patients <60 

years of age with unilateral MCA occlusion who 

deteriorate within 48 hours despite medical 

therapy. While it improves survival, most 

patients continue to have permanent disabilities 

(48). 
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INPATIENT CONCERNS  

 

A limited number of hematologic, coagulation, 

and biochemistry tests are recommended during 

the initial emergency evaluation in patients with 

suspected ischemic stroke to identify systemic 

conditions that may mimic stroke, that cause 

stroke or that may influence therapeutic options. 

These tests include blood glucose, electrolytes, 

complete blood count with platelet count, 

prothrombin time, activated partial 

thromboplastin time, international normalized 

ratio, and renal function studies (39,77). A 

clinical cardiovascular examination, cardiac 

enzymes tests, and a 12-lead electrocardiogram 

(ECG) should be performed in all stroke patients 

(78). Abnormalities on the non-contrast head CT 

scan remains the first-line imaging study in 

suspected stroke patients due to its ubiquity and 

exquisite sensitivity for ruling out hemorrhagic 

strokes (46). On the initial CT scan, overt 

nonstroke processes, as previously discussed, 

must be excluded. Chest radiographs in patients 

with an acute stroke are not indicated in the 

absence of appropriate clinical indications with 

only 3.8% of all patients radiographed having 

alterations in management (79). Most patients 

with stroke do not need an examination of the 

cerebrospinal fluid except for an evaluation of a 

patient with a stroke that may be secondary to an 

infectious illness or a subarachnoid hemorrhage 

(39,77). 

 

Airway and Ventilation 

Prevention of an early aspiration and airway 

protection are essential aspects of inpatient 

stroke care. Cheyne-Stokes respiration is 

frequent in stroke patients. Supplemental oxygen 

is recommended if the patient is hypoxic with 

saturation <92% (39,80,81). Patients with 

decreased consciousness, absent corneal and 

light reflex, cardiomyopathy, and age >80 years 

have the greatest risk for poor airway protection 

(82-84). Patients with an MCA stroke who 

require mechanical ventilation have high 

mortality regardless of the cause of intubation. 

The survival is associated with incomplete MCA 

territory involvement and atherosclerosis origin 

(85). Endovascular studies have noticed that 

patients who require general anesthesia have 

worse functional outcomes at 90 days versus 

those who do not require general anesthesia as 

part of their acute care (86).  

 

Cardiac Monitoring 

The most common arrhythmia detected in the 

setting of a stroke is atrial fibrillation. 

Common ECG changes secondary to a stroke 

with left-sided neurological events include an 

ST-segment depression, QT dispersion, and a 

prolonged QT interval (87-89). Therefore, 

guidelines recommend patients with an acute 

ischemic stroke should have cardiac monitoring 

for at least the first 24 hours and treatment of 

any serious cardiac arrhythmias that arise. 

 

NEURO ICU MANAGEMENT  

 

Pressure Augmentation 

The ischemic penumbra is the collaterally 

perfused area surrounding the infarct in a setting 

of impaired autoregulation wherein the impaired 

blood flow is insufficient for normal neuronal 

function, but sufficient for cell viability (90). 

Elevated blood pressures following an ischemic 

stroke serve to preserve perfusion to the 

penumbra and this is the rationale behind 

pressure augmentation (91). Blood pressure is 

increased in a step wise manner using IV 

vasopressors and regular neurological 

examinations guide escalation end-points as well 

as weaning of augmentation (39,77,91). Multiple 

perfusion imaging studies have demonstrated 

that an elevation in blood pressure with 

phenylephrine partially restores perfusion to the 

penumbra. (90,92-95). Rordorf et al. showed 

that maintaining a mean systolic blood pressure 

of 156 mm Hg (range 120 to 190 mm Hg) 

proved clinically beneficial (94). Wityk et al. 

also demonstrated improvements in perfusion 

imaging by maintaining the systolic blood 

pressure 20-30% above baseline (96,97). 

Ischemia can be identified by changes in tissue 

metabolism and oxygenation by monitoring 

brain tissue oxygen tension and microdialysis 

(91). Continuous EEG monitoring is 

noninvasive and demonstrates higher prevalence 

of slower frequencies with decreased cerebral 

blood flow (91). Other treatment options include 

withdrawing previous antihypertensive therapy 

and augmenting intravenous fluids. Historically, 
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it has been thought that keeping the head of the 

bed as flat as possible might improve cerebral 

perfusion; however, this theory has been 

recently challenged (98). 

 

POST rtPA CARE 

 

Blood Pressure 

Blood pressure is found to be elevated in most 

patients on the day of admission and such early 

elevation is thought to be a physiological 

response to ischemia. Patients with preexisting 

hypertension with moderately elevated pressures 

may not require antihypertensive therapy as it 

can impair cerebral blood flow and lead to 

neurological deterioration (99). rtPA is given 

only if blood pressure is less than 185/110; it 

should be maintained at that level for the first 24 

hours after rtPA administration (39,77). For 

patients who do not receive rtPA, the American 

Heart Association/ American Stroke Association 

(AHA/ASA) guidelines recommend initially 

withholding antihypertensive treatment unless 

the blood pressure is greater than 220/120 

(39,77). 

 

Temperature 

Hyperthermia acts through several mechanisms 

to worsen cerebral ischemia, some of which 

include enhanced release of neurotransmitters, 

exaggerated oxygen radical production, and 

worsening of cytoskeletal proteolysis (100). A 

temperature greater than >37.9ᵒC within the first 

week after the stroke was an independent 

predictor of a poor outcome (101,102). 

Lowering an acutely elevated temperature 

greatly influences outcome and prognosis (103). 

Therefore, guidelines suggest that sources of 

fever should be treated, and antipyretic 

medications should be administered to lower the 

temperature in febrile stroke patients.  

 

Glucose 

There is a correlation between an admission 

glucose concentration, diabetes, and poor stroke 

outcomes, which may not be attributed to the 

stroke type or location. Increased mortality was 

evident in the hyperglycemic and diabetic 

groups (104). Hyperglycemia is associated with 

lactic acidosis and conversion of penumbral 

tissue to an infarction, greater final infarct size, 

and worse functional outcome (104). These 

correlations were independent of baseline stroke 

severity, lesion size, and diabetic status (105). 

Insulin therapy benefits transient focal ischemia 

(106). Serum glucose concentrations 140-180 

mg/dL should probably trigger administration of 

insulin (77). Persistent hyperglycemia, as 

measured by serial blood glucose levels, is 

indicative of infarct evolution and worse clinical 

outcome regardless of baseline stroke severity 

than an isolated measure of glucose on 

admission to hospital (107).  

 

Antiplatelet/ Anticoagulation 

Two large trials studying the effects of aspirin 

and heparin in an acute stroke, the Chinese 

Acute Stroke Trial (CAST) and the International 

Stroke Trial (IST), have shown that starting 

aspirin as early as possible prevents stroke 

recurrence (108,109). AHA/ ASA guidelines 

recommend a dose of 325 mg orally within 48 

hours of an acute stroke (39,77). The use of 

anticoagulation is not recommended in the acute 

setting because of the risk of hemorrhagic 

transformation (108,109,110,111). 

 

DVT Prophylaxis 

Incidence of deep-vein thrombosis (DVT) in 

stroke patients is comparable with that seen in 

patients undergoing a hip or knee replacement 

with multiple risk factors for DVT, like 

advanced age, low Barthel Index severity score, 

or hemiplegia (112). As pulmonary embolism is 

found to be responsible for approximately 10% 

of deaths following an acute stroke, the 

prevention of this complication is of crucial 

importance (39,77). Prospective trials have 

shown that early heparin treatment with low 

molecular weight heparin (LMWH) is effective 

in reducing DVT and pulmonary embolism in 

stroke patients (112,113). Current guidelines 

recommend subcutaneous LMWH for DVT 

prophylaxis (39,77). 

 

HOSPITAL GOALS  

 

Etiology Workup  

The etiology of a stroke is determined based on 

clinical features and various diagnostic tests. 

Cardiac imaging with echocardiography is 

invaluable in an acute diagnosis (114). If 
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echocardiography is unrevealing and no 

arrhythmias are detected on telemetry during 

hospitalization, extended outpatient rhythm 

monitoring should be considered (115). Rare 

causes of stroke include non-atherosclerotic 

vasculopathies, hypercoagulable states, or 

hematologic disorders (14). Hypercoagulable 

etiological workup is necessary in younger 

stroke patients (116-118). 

 

Secondary Prevention 

Secondary prevention focuses on preventing 

recurrence of cerebrovascular events. 

Hypertension is a major correctable risk factor 

for stroke. Treatment of hypertension has been 

shown to reduce the incidence of primary and 

secondary strokes (119). A reduction in diastolic 

BP of 5 mm Hg is associated with one third 

lower risk of stroke (120). There is a high risk of 

recurrence of transient ischemic attacks and 

minor ischemic strokes due to atherosclerotic 

intracranial arterial stenosis and lacunar strokes 

(121-123). Dual antiplatelets, like aspirin with 

clopidogrel, may be necessary in some patients 

(121-123). If no contradictions are present, 

ischemic stroke/ transient ischemic attack 

patients with atrial fibrillation are anticoagulated 

long-term with warfarin or a newer oral 

anticoagulant (124). Identification of an aortic 

atheroma may prompt therapy with aspirin, 

statins and/ or anticoagulation to prevent 

recurrent strokes (125,126). Using statins in 

such patients decreases the likelihood of a 

subsequent stroke (127). Patients with an 

ejection fraction of < 30% and a predicted 5 year 

survival tend to do better if anticoagulated (128). 

The timing for starting anticoagulation is 

individualized to each patient and is dependent 

on size of the ischemia, etiology of the ischemia, 

and other risk factors.  

 

Recovery 

Stroke patients have a high incidence of 

dysphagia ranging from 51 to 78% (129). All 

stroke patients require a bedside dysphagia 

screen (39,77). In case of ongoing aspiration, a 

percutaneous gastrostomy is recommended. 

Lastly, an evaluation by physical and 

occupational therapists is necessary for 

disposition for rehabilitation.  

 

Outcomes 

The modified Rankin Scale (mRS) is a valid 

measure of disability and defines 6 grades of 

disability as demonstrated in Table 3 (130). A 

scale of 0-2 indicates mild disability; a scale of 3 

indicates moderate disability; scores of 4 or 5 

indicate severe disability; and a score of 6 

denotes death (130,131). It is employed to assess 

recovery from stroke after rtPA. A score of 0 or 

1 at 3 month follow-up is considered a favorable 

outcome, whereas a score of 2-6 represents an 

unfavorable outcome (65). The scale is found to 

have satisfactory inter-rater agreement and is 

widely used as an outcome parameter in clinical 

trials of stroke treatments (130,133,134).  

 

CONCLUSION 

Successful treatment of acute ischemic stroke 

depends on rapid diagnosis and determination of 

rtPA/ endovascular intervention candidacy.  

 

 
Table 3. Modified Rankin Scale (mRs) 

Grade  

0 No symptoms at all  

1 No significant disability: despite symptoms, able to carry out all usual duties and activities 

2 Slight disability: unable to perform all previous activities but able to look after own affairs without 

assistance 

3 Moderate disability: requiring some help but able to walk without assistance 

4 Moderately severe disability: unable to walk without assistance and unable to attend to own bodily needs 

without assistance 

5 Severe disability: bedridden, incontinent and requiring constant nursing care and attention 

6 Death 

 
  



AJHM Volume 2 Issue 1 (Jan-Mar 2018)        REVIEW ARTICLE 

Haldal et al. www.ajhm.org 11 

Notes 

Author contributions: All authors have seen and 

approved the manuscript and contributed 

significantly to the work.  

Financial support: Authors declare that no financial 

assistance was taken from any source. 

Potential conflicts of interest: Christopher R. 

Newey has served on speaker’s bureau for BARD 

medical. Drs. Haldal, Beary, Nattanmai, and George 

have no financial disclosures or conflicts of interests 

to report.  

 

 

 

References 

1. Mozaffarian D, Benjamin EJ, Go AS, et al. 

Heart Disease and Stroke Statistics—2016 

Update: a report from the American Heart 

Association. Circulation 2016; 133:e38-60. 

2. O’Donnell MJ, Chin SL, Rangarajan S, et al. 

Global and regional effects of potentially 

modifiable risk factors associated with acute 

stroke in 32 countries (INTERSTROKE): a 

case-control study. Lancet 2016;388: 761-775.  

3. Meschia JF, Bushnell C, Boden-Albala B, et 

al. Guidelines for the Primary Prevention of 

Stroke: A Statement for Healthcare 

Professionals From the American Heart 

Association/American Stroke Association. 

Stroke. 2014 Dec; 45: 3754–3832. 

4. Estruch R, Ros E, Salsa-Salvadó J. et al. 

Primary prevention of cardiovascular disease 

with a Mediterranean diet. N Engl J Med 

2013;368:1279-1290.  

5. Fang MC, Coca Perraillon M, Ghosh K, et al. 

Trends in stroke rates, risk and outcomes in 

the United States, 1988 to 2008. Am J Med 

2014; 127: 608-615. 

6. Hong KS, Yegiaian S, Lee M, et al. Declining 

stroke and vascular event recurrence rates in 

secondary prevention trials over the past 50 

years and consequences for current trial 

design. Circulation 2011; 123: 2111-2119. 

7. Centers for Disease Control and Prevention 

(CDC). Prevalence and most common causes 

of disability among adults: United States, 

2005. MMWR Morb Mortal Wkly Rep. 

2009;58:421–426. 

8. Sealy-Jefferson S, Wing JJ, Sánchez B, et al. 

Age- and ethnic-specific sex differences in 

stroke risk.Gend Med 2012; 9: 121-128.   

9. Seshadri S, Beiser A, Kelly-Hayes M, et al. 

The lifetime risk of stroke: estimates from the 

Framingham Study. Stroke 2006; 37: 345-350.  

10. Howard VJ, McClure LA, Meschia JF, et al. 

High prevalence of stroke symptoms among 

persons without a diagnosis of stroke or 

transient ischemic attack in a general 

population: the REasons for Geographic And 

Racial Differences in Stroke (REGARDS) 

study. Arch Intern Med. 2006; 166: 1952–

1958. 

11. Kleindorfer DO, Khoury J, Moomaw CJ, et al. 

Stroke incidence is decreasing in whites but 

not in blacks: a population-based estimate of 

temporal trends in stroke incidence from the 

Greater Cincinnati/Northern Kentucky Stroke 

Study. Stroke J CerebCirc 2010: 41: 1326-

1331.  

12. Morgenstern LB, Smith MA, Lisabeth LD, et 

al. Excess stroke in Mexican Americans 

compared with non-Hispanic Whites: the 

Brain Attack Surveillance in Corpus Christi 

Project. Am J Epidemiol 2004; 160: 376-383. 

13. Howard G, Anderson R, Johnson NJ, et al. 

Evaluation of social status as a contributing 

factor to the stroke belt region of the United 

States. Stroke 1997; 28: 936-940.  

14. Adams HP Jr, Bendixen BH, Kappelle LJ, et 

al. Classification of subtype of acute ischemic 

stroke. Definitions for use in a multicenter 

clinical trial. TOAST. Trial of Org 10172 in 

Acute Stroke Treatment.Stroke. 1993; 24: 35-

41. 

15. Chung JW, Park SH, Kim N, et al. Trial of 

ORG 10172 in Acute Stroke Treatment 

(TOAST) classification and vascular territory 

of ischemic stroke lesions diagnosed by 

diffusion-weighted imaging. J Am Heart 

Assoc. 2014 11;pii: e001119.  

16. Moulin T, Tatu L, Vuillier F, et al. Role of a 

stroke data bank in evaluating cerebral 

infarction subtypes: patterns and outcome of 

1,776 consecutive patients from the Besancon 

stroke registry. Cerebrovasc Dis. 

2000; 10:261-271. 

17. Colilla S, Crow A, Petkun W et al. Estimates 

of current and future incidence and prevalence 

of atrial fibrillation in the U.S. adult 

population. Am J Cardiol.2013; 112: 1142–

1147. 

18. Wolf PA, Abbott RD, Kannel WB. Atrial 

fibrillation as an independent risk factor for 

stroke: the Framingham Study. Stroke. 1991; 

22: 983–988. 

19. WHO MONICA Project Investigators. The 

World Health Organization MONICA Project 

(Monitoring trends and determinants in 

cardiovascular disease). J ClinEpidemiol 41, 

105-114. 1988. 



AJHM Volume 2 Issue 1 (Jan-Mar 2018)        REVIEW ARTICLE 

Haldal et al. www.ajhm.org 12 

20. Vermeer SE, Longstreth WT Jr., Koudstaal PJ. 

Silent brain infarcts: a systematic review. 

Lancet Neurol. 2007;6:611–619. 

21. Brazzelli M, Chappell FM, Miranda H, et al. 

Diffusion-weighted imaging and diagnosis of 

transient ischemic attack. Ann Neurol. 

2014;75:67–76. 

22. Sacco RL, Kasner SE, Broderick JP, et al. An 

updated definition of stroke for the 21st 

century: a statement for healthcare 

professionals from the American Heart 

Association/American Stroke Association. 

Stroke. 2013; 44 :2064-89.  

23. Liebeskind DS, Tomsick TA, Foster LD, et al. 

Collaterals at angiography and outcomes in the 

interventional management of stroke (IMS) III 

trial. Stroke 2014; 45:759-764. 

24. Powers WJ, Raichle ME. Positron emission 

tomography and its application to the study of 

cerebrovascular disease in man. Stroke 

1985;16: 361-376.  

25. Nemoto EM, Yonas H, Chang Y. Stages and 

thresholds of hemodynamic failure. Stroke 

2003; 34: 2-3.  

26. Saver JL. Time is Brain—quantified. Stroke 

2006; 37: 263-66.  

27. Demaerschalk BM, Kleindorder DO, Adeoye 

OM, et al. Scientific rationale for the inclusion 

and exclusion criteria for intravenous alteplase 

in acute ischemic stroke: a statement for 

healthcare professions from the American 

Heart Association/American Stroke 

Association. Stroke 2016; 47: 581-641.  

28. Lee KR, Bluhmki E, von Kummer R, et al. 

Time to treatment with intravenous alteplase 

and outcome in stroke: an updated pooled 

analysis of ECASS, ATLANTIS, NINDS, and 

EPITHET trials. Lancet 2010; 375: 1695-703. 

29. Khatri P, Yeatts SD, Mazighi M, et al. Time to 

angiographic reperfusion and clinical outcome 

after acute ischemic stroke in the 

Interventional Management of Stroke Phase III 

(IMS III) Trial: A Validation Study. Lancet 

Neurol. 2014; 13: 567–574. 

30. Pérez de la Ossa N, Carrera D, Gorchs M, et 

al.Design and validation of a prehospital 

stroke scale to predict large arterial occlusion : 

the rapid arterial occlusion evaluation scale. 

Stroke 2014; 45: 87-91.  

31. Wechsler LR, Demaerschalk BM, Schwamm 

LH et al. Telemedicine quality and outcomes 

in stroke.A scientific statement for healthcare 

professions from the American Heart 

Association/American Stroke Association. 

Stroke2017;e3-e25. 

32. Fassbender K, Grotta JC, Walter S, et al. 

Mobile stroke units for prehospital 

thrombolysis, triage, and beyond: benefits and 

challenges. Lancet Neurol 2017; 16: 227-37. 

33. Goyal M, Memon BK, van Zwam WH, et al. 

Endovascular thrombectomy after large-vessel 

ischaemic stroke: A meta-analysis of 

individual patient data from five randomized 

trials. Lancet. 2016; 23: 1723-31. 

34. Saver JL, Goyal M, van der Lugt A, et al. 

Time to treatment with endovascular 

thrombectomy and outcomes from ischemic 

stroke: a meta-analysis. JAMA. 2016; 316: 

1279-88. 

35. Brott TG, Marler JR, Olinger CP et al. 

Measurements of acute cerebral infarction: 

lesion size by computed 

tomography. Stroke 1989;20:871-875. 

36. Goldstein LB, Samsa GP. Reliability of the 

National Institutes of Health Stroke Scale: 

extension to non-neurologists in the context of 

a clinical trial. Stroke 1997;28:307–310. 

37. Adams Jr. HP, Davis PH , Leira EC, et al. 

Baseline NIH Stroke Scale score strongly 

predicts outcome after stroke A report of the 

Trial of Org 10172 in Acute Stroke Treatment 

(TOAST). Neurology 1999 vol. 53 no. 1 126. 

38. Muir K, Weir C, Murray G. et al. Comparison 

of neurological scales and scoring systems for 

acute stroke prognosis. Stroke 1996;27:1817-

1820. 

39. Adams HP, delZoppo G, Alberts MJ et al. 

Guidelines for the early management of adults 

with ischemic stroke. A guideline from the 

American Heart Association/American Stroke 

Association Stroke Council, Clinical 

Cardiology Council, Cardiovascular Radiology 

and Intervention Council, and the 

Atherosclerotic Peripheral Vascular Disease 

and Quality of Care Outcomes in Research 

Interdisciplinary Working Groups. Stroke 

2007;38:1655-1711. 

40. Hand P, Kwan J, Lindley R. et al. 

Distinguishing between stroke and mimic at 

the bedside : the brain attack study. 

Stroke 2006;37:769-775. 

41. Tobin WO, Hentz J, Bobrow BJ, et al. 

Identification of stroke mimics in the 

emergency department setting. J Brain Dis 

2009; 1: 19–22. 

42. Natteru P, Mohebbi MR, George P et 

al. Variables that best differentiate in-patient 

acute stroke from stroke-mimics with acute 

neurological deficits.  Stroke Research and 

Treatment Volume 2016 , Article ID 4393127. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Tobin%20WO%5BAuthor%5D&cauthor=true&cauthor_uid=23818805
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hentz%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=23818805
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bobrow%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=23818805
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3676321/
https://www.hindawi.com/65786038/
https://www.hindawi.com/68364298/
https://www.hindawi.com/31537460/


AJHM Volume 2 Issue 1 (Jan-Mar 2018)        REVIEW ARTICLE 

Haldal et al. www.ajhm.org 13 

43. Goyal M, Demchuk A, Menon BK, et al. 

ESCAPE - Randomized Assessment of Rapid 

Endovascular Treatment of Ischemic Stroke. N 

Engl J Med 2015; 372:1019-1030. 

44. Newey CR, Wisco DR, George P et al. 

Variables that best differentiate acute stroke 

from stroke mimics in inpatients with acute 

neurological deficits. Neurology April 26, 

2012 vol. 78 no. 1 Supplement P07.015. 

45. George P, Wisco DR, Gebel J, et al.Nurses are 

as specific and are earlier in calling in-hospital 

stroke alerts compared to physicians.J Stroke 

Cerebrovasc Dis. 2017 ;26(5):917-921. 

46. Bhatia K , Newey CR, Karthikeyan N, et al.  

Imaging Modalities in Acute Ischemic Stroke. 

47. Tomsick T, Brott T, Barsan W, et al. 

Prognostic value of the hyperdense middle 

cerebral artery sign and stroke scale score 

before ultraearly thrombolytic therapy. Am J 

Neuroradiol 1996;17:79-85. 

48. Wijdicks E, Sheth K, Carter B, et 

al.Recommendations for the management of 

cerebral and cerebellar infarction with 

swelling. A statement for healthcare 

professionals from the American Heart 

Association/American Stroke Association. 

Stroke 2014;45:00-00. 

49. Grond M, von Kummer R, Sobesky J, et al. 

Early X-ray hypoattenuation of brain 

parenchyma indicates extended critical 

hypoperfusion in acute stroke. Stroke 

2000;31:133-13. 

50. Marks MP, Holmgren EB, Fox AJ, et al. 

Evaluation of early computed tomographic 

findings in acute ischemic stroke. Stroke 1999 

Feb;30(2):389-92. 

51. vonKummar R, Allen K, Holle R, et al. Acute 

stroke: useful early CT findings before 

thrombolytic therapy. Radiology 

1997;205(2)327-333. 

52. Moulin T, Cattin F, Crepin-Leblond T, et al. 

Early CT signs in acute middle cerebral artery 

infarction: predictive value for subsequent 

infarct locations and outcome. Neurology 

1996; 47: 366–375. 

53. Wintermark M, Fischbein NJ, Smith WS et al. 

Accuracy of dynamic perfusion CT with 

deconvolution in detecting acute hemispheric 

stroke. Am J Neuroradiol. 2005; 26: 104–112. 

54. Hellier KD, Hampton JL, Guadagno JV, et al. 

Perfusion CT helps decision making for 

thrombolysis when there is no clear time of 

onset. J NeurolNeurosurg Psychiatry 2006, 

77:417-419. 

55. Schramm P, Schellinger PD, Klotz E et al. 

Comparison of perfusion computed 

tomography and computed tomography 

angiography source images with perfusion-

weighted imaging and diffusion-weighted 

imaging in patients with acute stroke of less 

than 6 hours’ duration.  Stroke 2004 

; 35:  1652–1658. 

56. Katz DA, Marks MP, Napel SA, et al. Circle 

of Willis: evaluation with spiral CT 

angiography, MR angiography, and 

conventional angiography.Radiology1995 

May;195(2):445-9. 

 

57. M Knauth, R von Kummer, O Jansen, et al. 

Potential of CT angiography in acute ischemic 

stroke.American Journal of 

Neuroradiology June 1997, 18 (6) 1001-1010. 

58. Lubezky N, Fajer S, Barmeir E, et al. Duplex 

scanning and CT angiography in the diagnosis 

of carotid artery occlusion: a prospective 

study. Eur J VascEndovasc Surg. 

1998;16:133–136. 

59. Lev MH, Farkas J, Rodriguez VR, et al. CT 

angiography in the rapid triage of patients with 

hyperacute stroke to intraarterial thrombolysis: 

accuracy inthe detection of large vessel 

thrombus. J Comput Assist Tomogr. 2001 

;25(4):520-8. 

60. Coutinho JM, Derkatch S, Potvin ARJ, et al. 

Nonstenotic carotid plaque on CT angiography 

in patients with cryptogenic stroke. Neurology, 

August 2016 vol. 87 no. 7 665-672. 

61. Menon BK, d'Esterre CD, Qazi EM, et al. 

Multiphase CT angiography: a new tool for the 

imaging triage of patients with acute ischemic 

stroke. Radiology 2015 May;275(2):510-20. 

62. Yu AY, Zerna C, Assis Z, et al. Multiphase 

CT angiography increases detection of anterior 

circulation intracranial occlusion. 

Neurology2016 Aug 9;87(6):609-16. 

63. Kloska SP, Nabavi DG, Gaus C et al. Acute 

stroke assessment with CT: do we need 

multimodal 

evaluation? Radiology 2004; 233: 79–86. 

64. Wisco D, Uchino K, Saqqur M, et al. Addition 

of hyperacute MRI aids in patient selection, 

decreasing the use of endovascular stroke 

therapy. Stroke2014 Feb;45(2):467-72. 

65. Hacke W, Kaste M, Bluhmki E, et al for the 

ECASS Investigators.Thrombolysis with 

Alteplase 3 to 4.5 Hours after Acute Ischemic 

Stroke. N Engl J Med 2008; 359:1317-1329. 

66. Hacke W, Donnan G, Fieschi C et al. 

Association of outcome with early stroke 

treatment: pooled analysis of ATLANTIS, 

ECASS, and NINDS rt-PA stroke trials. The 

ATLANTIS, ECASS, and NINDS rt-PA Study 

https://www.ncbi.nlm.nih.gov/pubmed/?term=George%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28342656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wisco%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=28342656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gebel%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28342656
https://www.ncbi.nlm.nih.gov/pubmed/28342656
https://www.ncbi.nlm.nih.gov/pubmed/28342656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marks%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=9933276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holmgren%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=9933276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fox%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=9933276
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=7724764
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marks%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=7724764
https://www.ncbi.nlm.nih.gov/pubmed/?term=Napel%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=7724764
https://www.ncbi.nlm.nih.gov/pubmed/7724764?access_num=7724764&link_type=MED&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lev%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=11473180
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farkas%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11473180
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez%20VR%5BAuthor%5D&cauthor=true&cauthor_uid=11473180
https://www.ncbi.nlm.nih.gov/pubmed/11473180?access_num=11473180&link_type=MED&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=Menon%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=25633505
https://www.ncbi.nlm.nih.gov/pubmed/?term=d%27Esterre%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=25633505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qazi%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=25633505
https://www.ncbi.nlm.nih.gov/pubmed/25633505
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20AY%5BAuthor%5D&cauthor=true&cauthor_uid=27385749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zerna%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27385749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Assis%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27385749
https://www.ncbi.nlm.nih.gov/pubmed/27385749
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wisco%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24407952
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uchino%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24407952
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saqqur%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24407952
https://www.ncbi.nlm.nih.gov/pubmed/24407952
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hacke%20W%5BAuthor%5D&cauthor=true&cauthor_uid=15016487
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donnan%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15016487
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fieschi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15016487


AJHM Volume 2 Issue 1 (Jan-Mar 2018)        REVIEW ARTICLE 

Haldal et al. www.ajhm.org 14 

Group Investigators. 

Lancet 2004;363(9411):768-74. 

67. National Institute of Neurological Disorders 

and Stroke rt-PA Stroke Study Group. Tissue 

plasminogen activator 

for acute ischemic stroke. N Engl J 

Med 1995;333(24):1581-7. 

68. Gumbinger C, Reuter B, HackeW,et al. 

Restriction of therapy mainly explains lower 

thrombolysis rates in reduced stroke service 

levels.Neurology 2016 May 24;86(21):1975-

83. 

69. Wester P,Radberg J, Lundgren B, et al. Seek-

Medical-Attention-in-Time Study Group. 

Factors associated with delayed admission to 

hospital and in-hospital delays in acute stroke 

and TIA: a prospective, multicenter 

study.  Stroke1999 ;30: 40–48. 

70. Menon SC, Pandey DK, Morgenstern LB. 

Critical factors determining access to acute 

stroke care. Neurology1998; 51: 427–432. 

71. Barsan WG, Brott TG, Broderick JP, et al. 

Time of hospital presentation in patients with 

acute stroke. Arch Intern 

Med 1993; 153: 2558–2561 

72. W.S. Smith for the Multi MERCI 

Investigators. Safety of mechanical 

thrombectomy and intravenous tissue 

plasminogen activator in acute ischemic 

stroke. Results of the Multi Mechanical 

Embolus Removal in Cerebral Ischemia 

(MERCI) Trial, Part I. American Journal of 

Neuroradiology 2006, 27 (6)  1177-1182. 

73. Broderick JP, Palesch YY,Demchuk AM, 

etal.IMS III Trial. Endovascular Therapy after 

Intravenous t-PA versus t-PA Alone for 

Stroke. N Engl J Med 2013; 368:893-903. 

74. Berkhemer OA, Fransen PSS, Beumer D,et al. 

MR CLEAN Trial - A randomized trial of 

intraarterial treatment for acute ischemic 

stroke.The New England Journal of 

Medicine2015. 372(1):11-20. 

75. Goyal M, Demchuk AM, Menon BK, et al. 

ESCAPE - Randomized assessment of rapid 

endovascular treatment of ischemic stroke. N 

Engl J Med 2015; 372:1019-1030. 

76. Campbell BCV, Mitchell PJ, Kleinig TJ, et al. 

EXTEND- IA - Endovascular therapy for 

ischemic stroke with perfusion-imaging 

selection. N Engl J Med 2015; 372:1009-1018. 

77. Jauch EC, Saver JL, Adams HP, et 

al.Guidelines for the early management of 

adults with ischemic stroke. A guideline for 

healthcare professionals from the American 

Heart Association/American Stroke 

Association Stroke Council. 

Stroke2013;44:870-947. 

78.  Christensen H, Christensen AF, Boysen G. 

Abnormalities on ECG and telemetry predict 

stroke outcome at 3 months. Journal of the 

Neurological Sciences. Volume 234, Issues 1–

2, 15 July 2005. 

79. Sagar G, Riley P, Vohrah A. Is admission 

chest radiography of any clinical value in 

acute stroke patients? Clin 

Radiol. 1996; 51: 499–502. 

80. Lee MC, Klassen AC, Resch JA. Respiratory 

pattern disturbances in ischemic cerebral 

vascular disease. Stroke 1974;5: 612-616. 

81. Nachtmann A, Siebler M, Rose G, et al. 

Cheyne-Stokes respiration in ischemic 

stroke. Neurology 1995; 45: 820–821. 

82.  Bushnell CD, Phillips-Bute BG, Laskowitz 

DT, et al. Survival and outcome after 

endotracheal intubation for acute 

stroke. Neurology 1999; 52: 1374–1381. 

83. Foerch C, Kessler KR, Steckel DA, et al. 

Survival and quality of life outcome after 

mechanical ventilation in elderly stroke 

patients. J 

NeurolNeurosurgPsychiatr2004;75:988–993. 

84. Santoli F, De Jonghe B, Hayon J, et al. 

Mechanical ventilation in patients with acute 

ischemic stroke: survival and outcome at one 

year.Intensive Care Med2001 Jul;27(7):1141-

6.  

85. Milhaud D, Popp J, Thouvenot E, et al. 

Mechanical ventilation in ischemic stroke. J 

Stroke Cerebrovasc Dis. 2004 Jul-

Aug;13(4):183-8. 

86. Berkhemer OA, van den Berg LA, Fransen PS, 

et al. The effect of anesthetic management 

during intra-arterial therapy for acute stroke in 

MR CLEAN.Neurology 2016 Aug 

16;87(7):656-64. 

87. McDermott MM, Lefevre F, Arron M, et al. 

ST segment depression detected by continuous 

electrocardiography in patients with acute 

ischemic stroke or transient ischemic attack. 

Stroke1994; 25: 1820–1824. 

88. Britton M, de Faire U, Helmers C, et al. 

Arrhythmias in patients with acute 

cerebrovascular disease. Acta Med 

Scand.1979; 205: 425–428. 

89. Afsar N, Fak AS, Metzger JT, et al. Acute 

stroke increases QT dispersion in patients 

without known cardiac diseases. Arch 

Neurol. 2003; 60: 346–350. 

90. Olsen TS. Regional cerebral blood flow after 

occlusion of the middle cerebral 

artery. ActaNeurolScand. 1986; 73: 321–337. 

https://www.ncbi.nlm.nih.gov/pubmed/15016487?access_num=15016487&link_type=MED&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=National%20Institute%20of%20Neurological%20Disorders%20and%20Stroke%20rt-PA%20Stroke%20Study%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=National%20Institute%20of%20Neurological%20Disorders%20and%20Stroke%20rt-PA%20Stroke%20Study%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/7477192?access_num=7477192&link_type=MED&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/7477192?access_num=7477192&link_type=MED&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gumbinger%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27164674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reuter%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27164674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hacke%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27164674
https://www.ncbi.nlm.nih.gov/pubmed/27164674
http://www.sciencedirect.com/science/article/pii/S0022510X05001206
http://www.sciencedirect.com/science/article/pii/S0022510X05001206
http://www.sciencedirect.com/science/article/pii/S0022510X05001206
http://www.sciencedirect.com/science/journal/0022510X
http://www.sciencedirect.com/science/journal/0022510X
http://www.sciencedirect.com/science/journal/0022510X/234/1
http://www.sciencedirect.com/science/journal/0022510X/234/1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Santoli%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11534561
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Jonghe%20B%5BAuthor%5D&cauthor=true&cauthor_uid=11534561
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hayon%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11534561
https://www.ncbi.nlm.nih.gov/pubmed/11534561
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milhaud%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17903973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Popp%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17903973
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thouvenot%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17903973
https://www.ncbi.nlm.nih.gov/pubmed/17903973?access_num=17903973&link_type=MED&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/17903973?access_num=17903973&link_type=MED&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berkhemer%20OA%5BAuthor%5D&cauthor=true&cauthor_uid=27421546
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20den%20Berg%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=27421546
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fransen%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=27421546
https://www.ncbi.nlm.nih.gov/pubmed/27421546


AJHM Volume 2 Issue 1 (Jan-Mar 2018)        REVIEW ARTICLE 

Haldal et al. www.ajhm.org 15 

91. Newey CR, Gupta V, Ardelt AA. Monitoring 

pressure augmentation in patients with 

ischemic penumbra using continuous 

electroencephalogram : three cases and a 

review of the literature. The Neurohospitalist 

2017 May. 

92. Hillis AE, Barker PB, Beauchamp NJ, et al. 

Restoring blood pressure reperfused 

Wernicke’s area and improved 

language. Neurology2001; 56: 670–672. 

93. Hillis AE, Ulatowski JA, Barker PB, et al. A 

pilot randomized trial of induced blood 

pressure elevation: effects on function and 

focal perfusion in acute and subacute 

stroke. Cerebrovasc Dis 2003; 16: 236–246. 

94. Rordorf G, Cramer SC, Efird JT, et al. 

Pharmacological elevation of blood pressure in 

acute stroke: clinical effects and 

safety. Stroke 1997; 28: 2133–2138. 

95. Rordorf G, Koroshetz WJ, Ezzeddine MA, et 

al. A pilot study of drug-induced hypertension 

for treatment of acute 

stroke. Neurology2001; 56: 1210–1213. 

96. Wityk RJ, Stern BJ. Ischemic stroke: today 

and tomorrow. Crit Care Med 1994; 22: 1278–

1293. 

97. Wityk RJ, Restrepo L. Hypoperfusion and its 

augmentation in patients with brain 

ischemia. Curr Treat Options Cardiovasc 

Med 2003; 5: 193–199. 

98. Anderson C, HisatomiArima H, LavadosP,et 

al. Cluster-randomized, crossover trial of head 

positioning in acute stroke.N Engl J Med 

2017; 376:2437-2447. 

99. Lisk DR, Grotta JC, Lamki LM, et al. Should 

hypertension be treated after acute stroke? A 

randomized controlled trial using single 

photon emission computed tomography. Arch 

Neurol. 1993 Aug;50(8):855-62. 

100. Ginsberg MD, Busto R. Combating 

hyperthermia in acute stroke :a significant 

clinical concern. Stroke 1998;29:529-534. 

101. Azzimondi G, Bassein L, Nonino F, et al. 

Fever in acute stroke worsens prognosis. A 

prospective study. Stroke. 1995 

Nov;26(11):2040-3. 

102. Aujla GS, Nattanmai P, Premkumar K, et 

al.Comparison of two surface cooling devices 

for temperature management in a neurocritical 

care unit.  Therapeutic Hypothermia and 

Temperature Management. December 2016, 

ahead of print. 

103. Jorgensen HS, Reith J, Nakayama H, et al. 

What determines good recovery in patients 

with the most severe strokes? The Copenhagen 

Stroke Study. Stroke1999; 30: 2008–2012. 

104. Kiers L, Davis SM, Larkins R, et al. Stroke 

topography and outcome in relation to 

hyperglycemia and diabetes. J 

NeurolNeurosurg Psychiatry1992; 55: 263–

270. 

105. Parsons MW, Barber PA, Desmond PM, et al. 

Acute hyperglycemia adversely affects stroke 

outcome: a magnetic resonance imaging and 

spectroscopy study. Ann Neurol. 2002;52: 20–

28. 

106. Hamilton MG, Tranmer BI, Auer RN. Insulin 

reduction of cerebral infarction due to transient 

focal ischemia. J Neurosurg. 1995; 82: 262–

268. 

107. Baird TA, Parsons MW, Phanh T, et al. 

Persistent poststroke hyperglycemia is 

independently associated with infarct 

expansion and worse clinical outcome. 

Stroke2003; 34: 2208–2214. 

108. CAST (Chinese Acute Stroke Trial) 

Collaborative Group. CAST: randomised 

placebo-controlled trial of early aspirin use in 

20,000 patients with acute ischemic 

stroke. Lancet1997; 349: 1641–1649. 

109. International Stroke Trial Collaborative 

Group. The International Stroke Trial (IST): a 

randomised trial of aspirin, subcutaneous 

heparin, both, or neither among 19435 patients 

with acute 

ischemicstroke.Lancet1997; 349: 1569–1581. 

110. Chimowitz MI, Kokkinos J, Strong J,et al. The 

Warfarin-Aspirin Symptomatic Intracranial 

Disease Study (WASID).Neurology 1995 

Aug;45(8):1488-93. 

111. Hankey GJ. Warfarin-Aspirin Recurrent 

Stroke Study (WARSS) trial: is warfarin really 

a reasonable therapeutic alternative to aspirin 

for preventing recurrent noncardioembolic 

ischemic stroke? Stroke 2002 

June;33(6):1723-6. 

112. Kamphuisen PW, Agnelli G, Sebastianelli M. 

Prevention of venous thromboembolism after 

acute ischemic stroke. J 

ThrombHaemost2005; 3:1187–1194. 

113. Sherman DG, Albers GW, Bladin C, et al.The 

efficacy and safety of enoxaparin versus 

unfractionated heparin for the prevention of 

venous thromboembolism after acute ischemic 

stroke (PREVAIL Study): an open-label 

randomised comparison. The Lancet Volume 

369, Issue 9570, 21–27 April 2007, Pages 

1347-1355. 

114. Harloff A, Handke M, Reinhard M, et al. 

Therapeutic strategies after examination by 

transesophageal echocardiography in 503 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lisk%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=8352673
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grotta%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=8352673
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lamki%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=8352673
https://www.ncbi.nlm.nih.gov/pubmed/8352673
https://www.ncbi.nlm.nih.gov/pubmed/8352673
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azzimondi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=7482646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bassein%20L%5BAuthor%5D&cauthor=true&cauthor_uid=7482646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nonino%20F%5BAuthor%5D&cauthor=true&cauthor_uid=7482646
https://www.ncbi.nlm.nih.gov/pubmed/7482646
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chimowitz%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=7644046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kokkinos%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7644046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Strong%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7644046
https://www.ncbi.nlm.nih.gov/pubmed/7644046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hankey%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=12053018
https://www.ncbi.nlm.nih.gov/pubmed/12053018
http://www.sciencedirect.com/science/journal/01406736/369/9570
http://www.sciencedirect.com/science/journal/01406736/369/9570


AJHM Volume 2 Issue 1 (Jan-Mar 2018)        REVIEW ARTICLE 

Haldal et al. www.ajhm.org 16 

patients with ischemic stroke. Stroke 

2006;37:859-864. 

115. Morris JG, Duffis EJ, Fisher M. Cardiac 

workup of ischemic stroke : can we improve 

our diagnostic yield? Stroke 2009;40:2893-

2898. 

116. Bushnell C, Goldstein LB. Screening for 

hypercoagulable syndromes following 

stroke.CurrAtheroscler Rep. 2003 

Jul;5(4):291-8. 

117. Levine SR. Hypercoagulable states and stroke: 

a selective review.CNSSpectr. 2005 

July;10(7):567-78. 

118. Martínez-Martínez M, Cazorla-García 

R, Rodríguez de Antonio LA,et 

al.Hypercoagulability and ischemic stroke in 

young patients. Neurologia 2010 Jul-

Aug;25(6):343-8. 

119. Cressman M, Gifford JW. Hypertension and 

stroke. Journal of the American College of 

CardiologyVolume 1, Issue 2, Part 1, February 

1983, Pages 521-527. 

120. Rodgers A, MacMahon S, Gamble G, et al for 

the United Kingdom Transient Ischaemic 

Attack Collaborative Group. Blood pressure 

and risk of stroke in patients with 

cerebrovascular disease. Br Med J. 

1996;313:147. 

121. Wang Y, Wang Y, Xingquan Zhao X, et 

al.Clopidogrel with Aspirin in Acute Minor 

Stroke or Transient Ischemic Attack. The 

CHANCE trial .N Engl J Med 2013; 369:11-

19. 

122. Chimowitz M, Lynn M, Derdeyn C, et al. 

Stenting versus Aggressive Medical Therapy 

for Intracranial Arterial Stenosis 

(SAMMPRIS). N Engl J Med 2011; 365:993-

1003. 

123. The SPS3 Investigators
. 
Effects of clopidogrel 

added to aspirin in patients with recent lacunar 

stroke.N Engl J Med 2012; 367:817-825. 

124. Hankey GJ,
 
Warlow CP. Treatment and 

secondary prevention of stroke: evidence, 

costs, and effects on individuals and 

populations. The Lancet Volume 354, Issue 

9188, 23 October 1999 

125.  Dressler A, Craig WR, Castello R, et 

al.Mobile aortic atheroma and systemic 

emboli: efficacy of anticoagulation and 

influence of plaque morphology on recurrent 

stroke.Journal of the American College of 

Cardiology. Volume 31, Issue 1, January 1998. 

126. Hiratzka L, Bakris G, Beckman J, et al. 

ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SI

R/STS/SVM Guidelines for the diagnosis and 

management of patients with thoracic aortic 

disease. Journal of the American College of 

CardiologyVolume 55, Issue 14, 6 April 2010, 

Pages e27-e129. 

127. Tunick PA, Nayar AC, Goodkin GM, et al. 

Effect of treatment on the incidence of stroke 

and other emboli in 519 patients with severe 

thoracic aortic plaque. Am J 

Cardiol. 2002; 90: 1320–1325. 

128. Homma S, Thompson JLP, Pullicino PM, et 

al.Warfarin and Aspirin in Patients with Heart 

Failure and Sinus Rhythm (WARCEF 

Study).N Engl J Med 2012; 366:1859-1869. 

129. Martino R, Foley N,Bhoga S, et al. Dysphagia 

after stroke : incidence, diagnosis, and 

pulmonary complications. 

Stroke2005;36:2756-2763. 

130. Banks JL, Marotta CA. Outcomes validity and 

reliability of modified Rankin scale : 

Implications for stroke trials : a literature 

review and synthesis. Stroke2007;38:1091-

1096. 

131. DeHaan R, Limburg M, Bossuyt P, et al. 

Clinical meaning of Rankin ‘handicap’ grades 

after stroke. Stroke1995;26:2027-2030. 

132. vanSwieten JC, Koudstaal PJ, Visser MC, et 

al. Interobserver agreement for the assessment 

of handicap in stroke 

patients. Stroke. 1988; 19: 604–607. 

133. Sulter G, Steen C, De Keyser J. Use of the 

Barthel index and modified Rankin scale in 

acute stroke trials. Stroke 1999; 30: 1538–

1541. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bushnell%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12793970
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldstein%20LB%5BAuthor%5D&cauthor=true&cauthor_uid=12793970
https://www.ncbi.nlm.nih.gov/pubmed/12793970
https://www.ncbi.nlm.nih.gov/pubmed/?term=Levine%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=16155513
https://www.ncbi.nlm.nih.gov/pubmed/16155513
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADnez-Mart%C3%ADnez%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20738953
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cazorla-Garc%C3%ADa%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20738953
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cazorla-Garc%C3%ADa%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20738953
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodr%C3%ADguez%20de%20Antonio%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=20738953
https://www.ncbi.nlm.nih.gov/pubmed/20738953
http://www.sciencedirect.com/science/journal/07351097
http://www.sciencedirect.com/science/journal/07351097
http://www.sciencedirect.com/science/journal/07351097/1/2/part/P1
http://www.sciencedirect.com/science/article/pii/S0140673699044074
http://www.sciencedirect.com/science/article/pii/S0140673699044074
http://www.sciencedirect.com/science/journal/01406736/354/9188
http://www.sciencedirect.com/science/journal/01406736/354/9188
http://www.onlinejacc.org/content/31/1
http://www.sciencedirect.com/science/journal/07351097
http://www.sciencedirect.com/science/journal/07351097
http://www.sciencedirect.com/science/journal/07351097/55/14

