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Abstract

After the onset of an ischemic stroke, every minute is important for reduc-
ing ischemic brain injury. Patients with suspected ischemic stroke require 
rapid and efficient evaluation to identify those who are eligible for time-
sensitive reperfusion therapies. Establishing the exact time of stroke onset 
is of utmost importance. After taking the history of the patient, a rapid 
physical and neurologic examination including stroke scale is necessary. 
In patients with stable vital signs, emergent non-contrast-enhanced com-
puted tomography (NECT) should be performed to exclude intracerebral 
hemorrhage. If NECT is interpreted as an ischemic stroke, immediately 
obtaining a computed tomography angiography (CTA) and perfusion CT 
may aid in making therapeutic decisions for intra-arterial thrombectomy 
without time delay. Laboratory and cardiac evaluations should also be per-
formed as soon as possible to exclude conditions that mimic strokes by 
examining metabolic abnormalities and to confirm exclusion criteria for 
intravenous thrombolysis. To ensure timely treatment after arrival to the 
emergency department, the cooperation of the stroke teams, including 
emergency medical physicians, neurologists, intervention team, nursing 
staff, and medical technicians, is important. Since intra-arterial thrombec-
tomy has been successful in patients with middle cerebral artery or inter-
nal carotid artery occlusion, reducing the time from door to groin puncture 
is another key component of acute treatment for ischemic stroke. This 
chapter emphasizes the rapid management of patients with suspected isch-
emic stroke and focuses on what physicians should do during this stage. 
Additional medical management techniques specific to the emergency 
department will be discussed briefly.
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The first few hours after the onset of stroke symp-
toms provide a crucial intervention window to 
prevent permanent disability or death. The major 
goal in this hyperacute stage is to reduce infarct 
volume and to minimize neurologic deficits. If 
the occluded vessels are successfully recanalized, 
the patients will improve and penumbral zones 
will be normalized. With no recanalization, pen-
umbral tissues will turn into areas of permanent 
infarction with severe symptoms persisting. 
Because earlier recanalization results in a better 
outcome, a systematic approach to reduce time 
delay should be emphasized in this stage by the 
collaboration of stroke teams. A consensus panel 
convened by the National Institutes of 
Neurological Disorders and Stroke (NINDS) 
established goals for time frames in the evalua-
tion of stroke patients in the emergency depart-
ment (Table 5.1) [1]. However, stroke teams may 
not satisfy to meet the recommended time frame 
and should make every effort to reduce time 
delays.

5.1	 �Establishing Time of Stroke 
Onset and History Taking

If stroke symptoms are recognized by emergency 
physicians, “stroke code” should be activated 
immediately. In some well-developed areas, 
emergency medical service (EMS) personnel are 
trained to identify stroke symptoms, and the 

stroke team could be alerted on the way to the 
hospital. Following stroke code activation, the 
exact time of symptom onset should be deter-
mined because time-dependent treatments are 
performed based on this information. Physicians 
should ask patients when the stroke symptoms 
began. However, the patient may not be able to 
talk about their symptoms or onset status due to 
neurologic deficits or comorbidities. In this situ-
ation, obtaining a detailed history from family 
members, witnesses who observed the onset of 
the stroke, and emergency medical personnel 
can provide valuable information. In addition, 
any observations of the patient during daily 
activities might be evaluated with cautious his-
tory taking, as a patient’s daily routine may aid 
in providing a stroke onset time. Cellular phone 
recordings could also verify the normal status of 
the patient. Because therapeutic intervention in 
this stage carries risk and requires rapid deci-
sion, the physician may contact responsible fam-
ily members or a legally authorized representative 
to discuss the possible risks or benefits of the 
intervention.

Additional history about the patient should 
also be obtained quickly. Risk factors such as 
hypertension, diabetes mellitus, dyslipidemia, 
and cardiac disease, as well as migraine, seizure, 
trauma, drug abuse, alcohol abuse, pregnancy, 
and previous stroke history, should be noted. 
Medication history including the use of anti-
thrombotics should be obtained. Intravenous 
thrombolysis exclusion criteria should be 
assessed in a timely manner. In addition, the 
patient’s weight is needed to determine the dose 
of recombinant tissue plasminogen activator 
(rtPA).

5.2	 �Physical Examination

After the airway, breathing, and circulation of the 
patient have been assessed and vital signs including 
blood pressure, heart rate, oxygen saturation, and 
temperature have been recorded, a more detailed 
physical examination should be performed. A  gen-
eral physical examination is important to identify 

Table 5.1  Guidelines for rapid evaluation of the patient 
with acute stroke

Period measured
Optimal time 
(min)

From ED arrival to emergency 
physician evaluation

10

From ED arrival to CT scan initiation 25
From ED arrival to CT scan 
interpretation

45

From ED arrival to initiation of therapy 
(80% compliance)a

60

Reproduced by permission of Stroke [1]
ED emergency department, CT computed tomography
aTarget should be compliance with these guidelines in at 
least 80% of cases
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possible etiologic factors for ischemic stroke as 
well as possible complications and coexisting 
comorbidities. Examination of the face and head 
may reveal signs of trauma. Auscultation of the 
neck and chest may reveal carotid bruits and cardiac 
murmurs, arrhythmias, and rales, respectively. Skin 
and extremity examination may reveal a few signs 
specific to coagulopathies, platelet disorders, 
trauma, or embolic lesions. Because acute comor-
bidities may influence the selection of an acute 
treatment, a thorough but brief examination is 
necessary.

5.3	 �Neurologic Examination 
and Stroke Scales

The neurological evaluation of an acute stroke 
patient must be brief and efficient. An experi-
enced neurologist should immediately assess  
the level of consciousness and breathing pat-
terns. If patients are alert and able to respond to 
verbal stimuli, neurological examinations should 
be performed based on common stroke scales, 
such as the National Institutes of Health Stroke 
Scale (NIHSS) (Table  5.2). The scales have  

Table 5.2  National Institutes of Health Stroke Scale

Tested Item Responses Score

1a. Level of consciousness Alert 0
Not alert, but arousable with minimal stimulation 1
Not alert, requires repeated stimulation to attend 2
Coma/unresponsiveness 3

1b. �LOC questions (Ask patient the month 
and their age)

Answers both correctly 0
Answers one correctly 1
Both incorrect 2

1c. �LOC commands (Ask patient to open 
and close eyes, make fist/let go)

Obeys both correctly 0
Obeys one correctly 1
Both incorrect 2

2. �Best gaze (only horizontal  
movement)

Normal 0
Partial gaze palsy 1
Forced deviation 2

3. Visual fields testing No visual field loss 0
Partial hemianopia 1
Complete hemianopia 2
Bilateral hemianopia (blind including cortical 
blindness)

3

4. �Facial palsies (ask patient to show  
teeth or raise eyebrows and close 
eyes tightly)

Normal symmetrical movement 0
Minor paralysis (flattened nasolabial fold) 1
Partial paralysis (total or near-total paralysis of 
lower face)

2

Complete paralysis of one or both sides (absence  
of facial movement)

3

5. Motor function—arm (left, right) Normal (extends arms 90 for 10 s without drift) 0
Drift 1
Some effort against gravity 2
No efforts against gravity 3
No movement 4
Untestable (joint fused or limb amputated) 9

(continued)
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demonstrated their utility and can be adminis-
tered by a broad spectrum of health providers 
[2]. Use of a standard stroke scale helps quantify 
the degree of neurological deficits and facilitate 
communication among stroke teams. When a 
patient’s consciousness is impaired, neurologists 
should uncover localizing and lateralizing signs. 
Deviation of the eyes or head, air-escaping pat-
tern of the face, asymmetric withdrawal response 
to noxious stimuli, asymmetric brainstem 
reflexes, and asymmetric pathologic reflexes are 
examples of brain damage. A thorough neuro-
logical examination is necessary in patients who 
are unconscious to rule out conditions that may 
mimic stroke. Although intravenous rtPA use in 
stroke mimics does not show harmful effects, 
thrombolytic treatment of stroke mimics should 
be under 3% based on non-contrast-enhanced 
computed tomography (NECT) alone [3].

5.4	 �Emergency Management 
of Stroke Patients

5.4.1	 �Brain and Vascular Imaging

Imaging of the brain with NECT is crucial to 
confirm the diagnosis of cerebral hemorrhage, 
which appears as an area of high density. It is 
widely used in almost all hospitals because it is 
inexpensive, noninvasive, and easily accessible. 
It is the single most important imaging modality 
because a decision of intravenous thrombolysis 
can be easily made, and it can also reveal brain 
tumors, which would be a contraindication to 
thrombolysis. NECT may show early signs of 
infarction such as a loss of gray-white matter 
interface among the nuclei of the basal ganglia 
and insular cortex. Cortical swelling by cerebral 
ischemia may produce sulcal effacement, and 

Table 5.2  (continued)

Tested Item Responses Score

  6. Motor function—leg (left, right) Normal (hold leg 30° for 5 s without drift) 0
Drift 1
Some effort against gravity 2
No efforts against gravity 3
No movement 4
Untestable (joint fused or limb amputated) 9

  7. Limb ataxia No ataxia 0
Present in one limb 1
Present in two limb 2

  8. �Sensory (use pinprick to test  
arms, legs, trunk, and face— 
compare side to side)

Normal 0
Mild to moderate decrease in sensation 1
Severe to total sensory loss 2

  9. �Best language (describe picture,  
name items, read sentences)

No aphasia 0
Mild to moderate aphasia 1
Severe aphasia 2
Mute 3

10. Dysarthria (read several words) Normal articulation 0
Mild to moderate slurring of words 1
Near unintelligible or unable to speak 2
Intubated or other physical barrier 9

11. Extinction and inattention Normal 0
Inattention or extinction to bilateral simultaneous 
stimulation in one of the sensory modalities

1

Severe hemi-inattention or hemi-inattention to  
more than one modality

2

Total score
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early arterial occlusion may show signs of a 
hyperdense vessel. When these signs of early 
infarct are present, the degree of ischemia will be 
more profound and the outcome will be poor [4].

Diffusion-weighted imaging (DWI) of the 
brain is the most sensitive and specific imaging 
for acute infarct even in the early stages of a 
stroke. It can differentiate an old infarction from 
a recent infarction and detect relatively small 
lesions in the brainstem, which are poorly visu-
alized with NECT.  In the hyperacute stage of 
ischemic stroke, visible diffusion lesions will 
include both regions of irreversible infarctions 
with more severe apparent diffusion coefficient 
(ADC) changes and regions of salvageable pen-
umbra with less severe ADC changes. Standard 
MRI sequences (T1-weighted, T2-weighted, 
fluid-attenuated inversion recovery [FLAIR]) are 
relatively insensitive to acute stroke but may be 
useful to diagnose stroke mimics such as seizure 
and metabolic abnormalities. DWI/FLAIR mis-
match has been recently suggested, especially in 
patients with unclear onset or wake-up stroke. It 
is a concept based on DWI changes beginning 
with the onset of stroke and FLAIR changes that 
are apparent after 3 h. However, it should only be 
used in specific conditions and on an individual 
basis [5]. Susceptibility-weighted imaging 
(SWI) and gradient echo imaging (GRE) are 
able to detect very small amounts of deoxyhe-
moglobin and intracerebral hemorrhages and 
microbleeds. Based on these MRI findings, they 
could be used as an initial imaging modality to 
evaluate acute stroke patients. However, if MRI 
scans are not readily available for 24 h, as in most 
hospitals, time should not be wasted waiting for 
MRI results.

Vascular imaging in the state of hyperacute 
stroke is an emerging field because intra-arterial 
thrombectomy of middle cerebral artery (MCA) 
or internal carotid artery (ICA) occlusions has 
been associated with improved functional out-
comes and higher rates of recanalization without 
the increase of symptomatic intracranial hemor-
rhage [6]. Helical CT angiography (CTA) is a 
quick, noninvasive method to evaluate the intra-
cranial and extracranial vasculature in the acute 
stroke stage with high sensitivity and specificity. 

Since a CTA could be acquired immediately after 
NECT and lasts less than 5  min, a time-saving 
decision could be made to perform a CTA while 
in the CT room. In the presence of large artery 
occlusions such as MCA or ICA, an intervention 
team alert for endovascular thrombectomy is nec-
essary at this time. MR angiography (MRA) or 
Doppler ultrasound can also evaluate intracranial 
vasculature. However, important limitations 
include a long acquisition time and less accuracy. 
Conventional angiography is rarely required dur-
ing the hyperacute phase of stroke evaluation. It 
should be reserved for situations where intra-
arterial thrombectomy is required.

Perfusion CT or MRI that reveal parenchymal 
perfusion of the patient may provide additional 
information to identify potentially salvageable 
brain tissue. This will better identify those 
patients who are most likely to benefit from 
reperfusion therapy, which is especially useful in 
patients with an unclear stroke onset. Brain per-
fusion imaging provides information about 
regional cerebral hemodynamics such as cerebral 
blood flow (CBF), cerebral blood volume (CBV), 
mean transit time (MTT), and time to peak (TTP). 
It can delineate an infarct core and penumbral tis-
sue by using CBF-CBV mismatched areas on a 
perfusion imaging. On the other hand, the pen-
umbra is indicated as DWI-perfusion-weighted 
imaging in mismatched areas on a perfusion 
MRI.  There is a growing body of reports that 
those mismatched areas are potentially salvage-
able and are an ideal target for neuroprotection or 
reperfusion therapies [7]. However, the acquisi-
tion of additional imaging should not delay treat-
ment with intravenous thrombolysis and should 
be performed only in a hospital where rapid pro-
cessing is possible. Recent advances in CT 
machines and software enable angiography and 
perfusion imaging to be obtained simultaneously 
after NECT (Fig. 5.1).

After an intravenous rtPA is administered 
based on the CT or MRI, patients with large 
artery occlusions (MCA, ICA) should perform 
conventional angiography. In this situation, a 
conventional angiography with intra-arterial 
thrombectomy should be readied by interven-
tional teams. If the conventional angiography still 
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shows a large artery occlusion, mechanical 
thrombectomy with Solitaire or Trevo should be 
used to recanalize the occluded artery [6]. When 
intravenous thrombolysis is contraindicated in a 
patient, intra-arterial thrombectomy can be per-
formed independently. Detailed methods and evi-
dence will be dealt with in subsequent chapters.

5.4.2	 �Ancillary Laboratory Tests

A few laboratory tests are routinely required during 
the initial evaluation of patients who have a sus-
pected stroke. The results of these tests may pro-
vide information about serious comorbid diseases 
and conditions that can mimic stroke and possible 
stroke etiology. These tests may assist with thera-
peutic decision-making, especially to identify if 
intravenous thrombolysis is contraindicated. This 

is extremely valuable when the patient’s history is 
vague or inconclusive. Routine laboratory tests 
should include blood glucose, electrolytes with 
renal function tests, complete blood count with 
platelet count, liver function tests, prothrombin 
time (PT), international normalized ratio (INR), 
activated partial thromboplastin time (aPTT), and 
cardiac enzymes (creatine kinase (CK), CK-MB, 
troponin). In addition, a chest radiograph should be 
obtained in all stroke patients. It may show a wid-
ened mediastinum indicative of an aortic dissection 
that can mimic stroke, cardiomegaly, or pulmonary 
edema, which is indicative of heart failure. An 
electrocardiogram (ECG) should also be per-
formed in all patients to determine the cause of the 
stroke and to optimize immediate and long-term 
management. Due to the close association between 
stroke and cardiac abnormalities, it is important to 
assess the cardiovascular status of patients present-
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Fig. 5.1  CT and MRI images from a 55-year-old man 
with the sudden onset of dysarthria and left-sided weak-
ness 60 min earlier. NECT appears normal without early 
ischemic changes (a). Perfusion CT was immediately 
obtained after NECT and shows CBF (b) and CBV (c) 
mismatch (arrows). Reconstructed angiography based on 
perfusion CT shows obstruction of the internal carotid 
artery (d). Intravenous rtPA was administered and patient 
symptoms subsided except for mild dysarthria. Brain MRI 
was performed 24  h after initial symptoms. DWI (e)  
and FLAIR (f) show permanent infarction (arrows), and 

TOF-MRA (g) shows recanalization of internal carotid 
artery. Contrast-enhanced MRA showed severe stenosis at 
the proximal internal carotid artery (arrow) (h). CT com-
puted tomography, MRI magnetic resonance image, 
NECT non-contrast-enhanced computed tomography, 
CBF cerebral blood flow, CBV cerebral blood volume, 
rtPA recombinant tissue plasminogen activator, DWI 
diffusion-weighted image, FLAIR fluid-attenuated inver-
sion recovery, TOF-MRA time-of-flight magnetic reso-
nance angiography
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ing with acute stroke. Baseline ECG, chest radio-
graph, and cardiac biomarkers may identify 
concurrent myocardial ischemia or cardiac arrhyth-
mias. These routine laboratory tests might be per-
formed in the emergency department setting, if 
possible, so as not to delay administration of intra-
venous rtPA.

Some laboratory tests are not routine during a 
hyperacute stroke evaluation but may be consid-
ered in certain patients. Due to the increasing 
number of patients who are using direct thrombin 
inhibitors (dabigatran) and direct factor Xa inhib-
itors (rivaroxaban, apixaban, and edoxaban), it is 
important to understand what studies may assist 
in determining anticoagulant effects. The PT/
INR is not helpful in determining the anticoagu-
lant effect of those types of medicines. A throm-
bin time (TT) and ecarin clotting time (ECT) may 
demonstrate direct thrombin activity. However, it 
takes a long time to obtain the results [8]. 
Unfortunately, there is no specific assay for direct 
factor Xa inhibitor. In young patients, toxicology 
screening for sympathomimetic drugs (cocaine, 
methamphetamine, etc.) may identify the under-
lying cause of the stroke. In women of childbear-
ing age, a pregnancy test is needed because it can 
affect overall management protocols.

Because time is critical, a limited number of 
essential diagnostic tests are recommended. 
Stroke protocols and critical pathways should be 
clearly defined in all hospitals (Fig.  5.2). 
Mandatory and selected laboratory tests are 
described in Table 5.3.

5.5	 �General Medical 
Managements in Hyperacute 
Stage of Ischemic Stroke

In the hyperacute stages of ischemic stroke, man-
agement should be focused on reperfusion within 
the critical period. However, physicians should 
not neglect management of life-threatening 
comorbid conditions. Initial assessment of the 
airway, breathing, and circulation is necessary in 
the emergency department, and a constant reas-
sessment is required to avoid oxygen desatura-
tion, respiratory compromise, and hypotension. 

Because patients often suffer a fall after a stroke, 
the physician should look for traumatic injuries 
and the neck should be stabilized. In addition, 
temperature, blood pressure, and blood glucose 
should be managed properly in the hyperacute 
stage.

5.5.1	 �Airway and Oxygen

Hypoxia frequently occurs after stroke. Common 
causes of hypoxia are partial airway obstruction, 
hypoventilation, aspiration, atelectasis, and pneu-
monia. Patients with a severe stroke presenting 
with diminished levels of consciousness or brain-
stem dysfunction may have an increased risk of 
airway compromise due to impaired oropharyn-
geal mobility and sensation and loss of protective 
reflexes. Patients with these conditions or with 
frequent vomiting may need intubation to protect 
the airway from aspiration of gastric contents. In 
addition, prior to the swallowing evaluation, 
strict avoidance of oral intake is imperative. 
However, in patients with mild to moderate 
stroke, routine oxygen supplementation did not 
show beneficial effects [9]. If patients have less 
than 94% oxygen saturation, noninvasive oxygen 
therapy with nasal cannula or with a Venturi mask 
is recommended [1]. Patients can better maintain 
oxygen saturation and cerebral perfusion when 
lying flat in a supine position.

5.5.2	 �Intravenous Fluids

Patients with acute ischemic stroke are some-
times hypovolemic, especially those with severe 
stroke. Hypovolemia should be avoided because 
it may predispose them to cerebral hypoperfu-
sion and exacerbate brain edema, increased myo-
cardial stress, and renal impairments. Therefore, 
maintaining iso-osmolar and euvolemic states 
with isotonic solutions, such as 0.9% saline, is 
required for patients with acute ischemic stroke. 
Hypotonic solutions, such as 5% dextrose or 
0.45% saline, may distribute into the intracellu-
lar spaces and may exacerbate ischemic brain 
edema. In addition, dextrose-containing fluid 
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Stroke

Call EMS
EMS evaluation

ER evaluationHistory taking
Noncontrast brain CT or MRI
Blood glucose
Electrolyte with renal function test
CBC with plateletcount
Liver function test
aPTT and PT(INR)
Cardiacenzyme (CK, CK-MB, Troponin)
Chest radiograph
Electrocardiogram

CT or MRI
Hemorrhage? YES

Treatment of
hemorrhagic stroke

Time after
symptom?

No

<4.5hr <6hr >6hr

Eligible for IV
rt-PA?

YES

No
Large artery
occlusion?

24 hours after rt -PA
or not treated rt-PA  

Aspirin 325mg

YES

No

IV rt-PA
0.9 mg/kg

IA thrombectomy

Fig. 5.2  Example for stroke protocol and critical pathway. Algorithm for initial diagnosis and treatment should be 
clearly defined in all acute stroke care hospitals
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may also exacerbate ischemic brain injury. In 
some patients who have a predisposed vulnera-
bility to intravascular volume overload, such as 
renal or heart failure, volume replacement should 
be performed cautiously.

5.5.3	 �Temperature

Hyperthermia (above 37.6  °C) is observed in 
about one third of acute stroke patients. It is asso-
ciated with stroke severity, infarct size, mortality 
rate, and a worsened outcome [10]. Thus, lower-
ing the temperature with antipyretics may be ben-
eficial to acute stroke patients. In some situations 
with occult infections, such as pneumonia, uri-
nary tract infection (UTI), sepsis, and infective 
endocarditis, patients should be managed with 
empirical antibiotics.

5.5.4	 �Blood Pressure

Arterial blood pressure is commonly increased 
after an acute ischemic stroke and starts to sponta-
neously decrease after 90 min of stroke symptoms. 
Moderately increased blood pressure may aug-
ment the delivery of blood to the ischemic area and 
should be treated conservatively because it can be 
advantageous to the patient. However, extreme 
hypertension is clearly harmful because it leads to 
hypertensive encephalopathy, cardiac complica-
tions, renal insufficiency, and hemorrhagic trans-
formation of an ischemic brain. Unfortunately, an 
ideal blood pressure range has not been scientifi-
cally determined. The blood pressure range during 
an acute ischemic stroke will depend on the stroke 
subtype and other patient-specific comorbidities. 
Some conditions, such as myocardial ischemia, 
aortic dissection, and heart failure, accompany 
acute ischemic stroke and may be exacerbated by 
arterial hypertension. However, most guidelines 
recommend that blood pressure should remain 
untreated unless the systolic pressure is above 
220  mmHg or the diastolic above 120  mmHg. 
Reasonable blood pressure control should be 
implemented on a case-by-case basis.

Specific blood pressure management recom-
mendations have been established for acute isch-
emic stroke patients being considered for 
thrombolysis therapy (Table 5.4) [1]. These rec-
ommendations include a gentle approach to bring 
the pressure below 185/110 mmHg to qualify for 
fibrinolytic therapy with intravenous rtPA. Once 
intravenous rtPA is administered, the blood pres-
sure must be maintained below 180/105 mmHg 
to reduce the risk of intracerebral hemorrhage. 
Blood pressure control in the hyperacute stage 
may be performed by intravenous antihyperten-
sive agents rather than with a single pill medica-
tion. It would be beneficial to use short-acting, 
titratable agents such as labetalol, nicardipine, 
and esmolol. In patients undergoing intra-arterial 

Table 5.3  Immediate ancillary laboratory studies

Mandatory tests
 � Blood glucose
 � Electrolytes with renal function tests
 � Complete blood count with platelet count
 � Liver function tests
 � Prothrombin time with international normalized ratio
 � Activated partial thromboplastin time
 � Cardiac enzymes (CK, CK-MB, troponin)
 � Chest radiographs
 � Electrocardiogram
Selected tests
 � Thrombin time and/or Ecarine clotting time 

(dabigatran taking patients)
 � Toxicology screening
 � Blood alcohol level
 � Routine urinalysis with pregnancy screening
 � Arterial blood gas tests (hypoxia-suspected patients)
 � Lumbar puncture (subarachnoid hemorrhage-

suspected patients with normal CT)
 � Electroencephalogram (seizure-suspected patients)

Reproduced by permission of Stroke [1]
CK creatine kinase, CT computed tomography
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thrombectomy, blood pressure should be lowered 
to prevent reperfusion injury and hemorrhagic 
transformation. However, the proper range of 
blood pressure has not yet been determined.

Hypotension should also be avoided because 
it may decrease cerebral perfusion pressure and 
increase cerebral edema. To maintain cerebral 
perfusion, head down, intravenous fluid, inotro-
pic agents, and vasopressors can be used. Since 
hypotension after an ischemic stroke is rare, phy-
sicians should explore medical causes such as 
myocardial infarction, gastrointestinal bleeding, 
aortic dissection, and sepsis.

5.5.5	 �Blood Glucose

Hypoglycemia is uncommon during the hyper-
acute stage of ischemic stroke and it is likely  
to be associated with antidiabetic medications. 
Hypoglycemia may cause neurological symp-
toms, including stroke mimics and seizures. These 

symptoms may be reversible if the hypoglycemia 
is rapidly corrected. However, severe and pro-
longed hypoglycemia can result in permanent 
brain damage. Therefore, blood glucose should be 
measured as soon as possible in patients with 
acute ischemic stroke, and low glucose lower than 
60 mg/dL should be corrected immediately with a 
dextrose solution (50% DW).

Hyperglycemia is common during acute isch-
emic stroke. This increase in blood glucose levels 
may be associated in part with a nonfasting state 
and in part to a stress reaction with impaired glu-
cose metabolism. Although a cause and effect 
relationship could not be determined, many obser-
vational studies have found an association between 
admission hyperglycemia and worsened outcome 
of strokes [11]. Currently there is no clear target 
for blood glucose levels during an acute ischemic 
stroke. It is best to control blood glucose levels with 
subcutaneous insulin below 180  mg/dL in acute 
stroke patients. Physicians should monitor glucose 
to reduce hypoglycemic events that commonly 
occur after normal correction of hyperglycemia.

�Conclusion

A predetermined system for rapid and precise 
assessment is essential in patients with acute 
ischemic strokes. The acute stroke teams 
should be able to perform their own tasks  
in a parallel manner with minimal delay 
(Table 5.5). Coordination of these stroke team 
members in the hyperacute stage may enable 
them to achieve the main goal of ischemic 
stroke treatment, which may reduce brain 
damage and improve outcome.

Suggestions from Clinical Practice Guidelines  
For initial evaluation of acute stroke patients, a 
stroke rating scale such as the National Institutes 
of Health Stroke Scale (NIHSS) needs to be used. 
Several laboratory tests including hematologic, 
coagulation, and biochemistry tests are helpful for 
emergency care, but blood glucose should be 
immediately analyzed using a fingertip glucose 
test. Hypoglycemia (blood glucose level <60 mg/
dL) should be normalized by bolus injection of 
high-dose dextrose solution. Blood pressure is 

Table 5.4  Blood pressure control in hyperacute stage

Patient eligible for acute reperfusion therapy with BP 
>185/110 mmHg
    • �Labetalol 10–20 mg IV over 1–2 min, may repeat 

one time
    • �Nicardipine 5 mg/h IV, titrate up by 2.5 mg/h every 

5–15 min, maximum 15 mg/h
    • �Other agents (hydralazine, enalapril, etc.) may be 

considered when appropriate
If BP is not maintained at or below 185/110 mmHg, do 
not administer rtPA
Management of BP during and after rtPA or other acute 
reperfusion therapy to maintain BP at or below 
180/105 mmHg
    • �Monitor BP every 15 min for 2 h from the start of 

rtPA therapy, then every 30 min for 6 h, and then 
every hour for 16 h

    • �If systolic BP >180–230 mmHg or diastolic BP 
>105–120 mmHg

     – �Labetalol 10 mg IV over 1–2 min, followed by 
continuous IV infusion 2–8 mg/min, or 
nicardipine 5 mg/h IV, titrate up to desired effect 
by 2.5 mg/h every 5–15 min, maximum 15 mg/h

    • �If BP not controlled or diastolic BP >140 mmHg, 
consider IV sodium nitroprusside

Reproduced by permission of Stroke [1]
BP blood pressure, rtPA recombinant tissue plasminogen 
activator
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Table 5.5  Time schedule of each member of stroke team after emergency department arrival

Stroke team 
member

Time (minute)

0–15 15–30 30–60 60–120

Emergency 
nurse

Check vital signs
Check glucose level
IV fluid (0.9% N/S) 
administration
Blood sampling for 
laboratory tests
Monitor ECG
Monitor oxygen saturation
Prepare patient for 
transport to CT

Check blood pressure
Prepare infusion pump 
and rtPA for 
intravenous 
administration

Monitor patient
Line connection of 
rtPA for IV 
administration

Emergency 
physician

Assess airway, breathing, 
circulation
Assess stroke symptoms 
(if patient have ambiguous 
symptoms, call stroke 
physician)
Stroke code activation
Determine onset time of 
stroke
History taking
Physical examination
ECG interpretation

Medical care (airway, 
oxygen, IV fluids, 
temperature, blood 
pressure, blood 
glucose)
Collaborate with stroke 
physician

Stroke 
physician

Confirm stroke symptoms
Neurologic examination 
briefly
Transport patient to CT 
room
Interpretation of CT
Obtain perfusion CT and 
angiography (ischemic 
stroke patient)

NIHSS scoring
Review 
contraindication of IV 
thrombolysis
Explain harm and 
benefit of thrombolysis 
to patient and family
Consider surgery for 
intracranial 
hemorrhage

Review laboratory 
findings
IV rtPA administration 
in patient without 
contraindication
Notify intervention 
team for IA 
thrombectomy if large 
artery occlusion is 
noted
Correct coagulation 
abnormality in patient 
with hemorrhagic 
stroke

Review 
neuroimaging with 
intervention 
physician
Therapeutic 
decision-making for 
IA thrombectomy
Transport patient to 
angio-room

CT 
technician

Prepare and obtain CT
Reconstruction of CT 
angiography

Intervention 
technician

Prepare conventional 
angiography

Intervention 
physician

Conventional 
angiography
IA thrombectomy

Stroke unit 
nurse

Ready for admission

IV intravenous, ECG electrocardiogram, CT computed tomography, rtPA recombinant tissue plasminogen activator, IA 
intra-arterial

5  Initial Diagnosis and Management of Acute Ischemic Stroke
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generally observed without control if not reaching 
220/120 mmHg. However, if the patient is eligible 
for intravenous fibrinolysis, the blood pressure 
should be lowered slowly to <185/110  mmHg. 
Brain imaging is indispensable for stroke diagno-
sis in emergency setting. Non-enhanced brain 
computed tomography should be performed for 
initial and differential diagnosis of stroke.
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