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Treatment of Acute Ischemic 
Stroke

Time is brain. For every minute of prolonged ischemia without treatment, 
1.9 million neurons are lost.1 Neural tissue’s exquisite sensitivity to ischemia 
indicates the emergency nature of acute stroke care. The faster that definitive 
stroke treatment is administered following the onset of ischemia, the better the 
outcomes.2,3 Unfortunately, the majority of patients do not arrive to the hospital 
soon enough to receive emergency stroke treatment.4 

Two FDA-approved therapies available for the treatment of acute ischemic 
stroke patients include intravenous tissue plasminogen activator (IV-tPA)5 and 
mechanical thrombectomy.6 Both of these treatments are recommended by the 
American Heart Association (AHA) and American Stroke Association (ASA) 
to be administered only within discrete, narrow time windows. These windows 
limit effective treatment to only 6 hours from symptom onset,7 given the known 
diminishing net clinical benefit that occurs with the progression of time.3,8 Both 
IV thrombolysis and endovascular clot extraction have been demonstrated to 
reduce medium-term disability at 3 or 6 months without an increase in mortal-
ity.3,7 Still, careful patient selection is the best tool to minimize the risks and 
maximize the benefits of acute stroke intervention. 

Prehospital Considerations for Acute Stroke Care
Improving Prehospital Delays to Presentation. Although there are vari-

ous reasons for delay to acute stroke treatment, prehospital issues continue to 
be responsible for the largest of these delays.9 Failure to promptly report to the 
emergency department (ED) when experiencing stroke symptoms is due to 
multiple factors, including a general lack of awareness and inability to iden-
tify symptoms of stroke, self-presentation to the ED without activating the 
911 emergency system, and difficulty obtaining the time the patient was last 
seen well prior to stroke onset.10 Therefore, patients at risk for stroke should 
be instructed thoroughly on the symptoms of stroke and the need to present 
immediately to an ED if they are experiencing such symptoms. Patients who 
are witnessed to have acute onset of facial asymmetry (F), arm weakness (A), or 
speech disturbance (S), have at least a 72% probability that they are experiencing 
a stroke and should be brought to emergent medical attention since time (T) 
is a factor.11 Public educational efforts, for instance the FAST campaign, have 
focused on teaching these stroke concepts through the use of mass media and 
have demonstrated sustained, subsequent improvement in prehospital delays.12 
Such an educational tool is identical to the three-item screening questionnaire 
known as the Cincinnati Prehospital Stroke Scale used by emergency medical 
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EXECUTIVE SUMMARY
 z The primary care physician’s role in stroke management 

involves prestroke education, prompt referral, and post-stroke 
care.

 z Office education of patients is important to identify symptoms 
of stroke and the need to seek medical attention immediately.
Failure to report promptly to the emergency department 
leads to the loss of 1.9 million neurons per minute. 

 z Public education efforts, such as the FAST campaign, 
contribute to increased awareness.

 z IV-tPA remains the mainstay of acute stroke treatment for 
patients presenting within 4.5 hours of symptom onset.

 z Endovascular therapies include intra-arterial tPA and 
mechanical clot extraction.

 z Profoundly positive results from five endovascular trials 
published in 2015 mark an extremely encouraging year in the 
history of stroke care.

professionals in prehospital stroke assess-
ments to aid in the rapid identification 
of stroke. The Cincinnati Prehospital 
Stroke Scale has been equally reliable in 
use by the lay population,11 and therefore 
should be taught to patients who are at 
high risk for stroke and their families. 

Wake-up Stroke and Extending 
Treatment Windows. Stroke treatment 
windows are dependent on obtaining 
a time the patient was last seen well. 
However, stroke onset times are often 
unreliable, particularly in the case of 
stroke upon awakening, which accounts 
for up to 28% of strokes.13 When decid-
ing on treatment for wake-up stroke 
patients, it is the standard to assume that 
stroke onset was the time the patient 
went to bed normal, even though stroke 
onset frequency is known to be highest 
in the early morning.14 Unfortunately, 
more than 35% of patients presenting 
with stroke symptoms upon awaken-
ing would be eligible for intravenous 
thrombolysis had time not been a fac-
tor.13 Since wake-up stroke represents 
a large target for missed stroke therapy, 
there has been an emphasis on shifting 
treatment based on time windows to 
that of tissue windows using advanced 
neuroimaging. Perfusion scans, collat-
eral scores on noninvasive angiography, 
and evaluation of magnetic resonance 
imaging (MRI) sequence mismatches 
potentially may be employed to select 
patients for acute treatment who may 
otherwise be outside of conventional 
treatment windows that are based on 
time.15,16 Such imaging techniques can 
help differentiate ischemic penumbra 
from core infarct, and recognize which 
patients have completed stroke and 

which have salvageable brain tissue 
and thereby are amenable for salvage 
therapy within extended time windows. 
Although these techniques have been 
adopted in some hospital protocols, they 
are still considered largely experimental 
in standard practice and are the basis 
of multiple ongoing clinical trials.17 
Genetically engineered, mutant tPA, 
known as tenecteplase, may have several 
advantages over standard alteplase for 
stroke thrombolysis, and has also been 
studied in extended time windows with 
encouraging results.18 

Prehospital Thrombolysis. A novel 
method of expediting acute stroke 
treatment is to attempt prehospital 
thrombolysis. Germany has instituted 
and studied ambulance-based tPA 
administration in major cities with 
success in reducing onset to treatment 
times.19 Similar practices have begun 
to be established in the United States 
as well.20 The concept of bringing the 
tPA to the patient seems intuitive in its 
ability to hasten times to thrombolysis; 
however, such methods are enacted at 
a significant expense in terms of equip-
ment and staffing. Ambulances are 
required to have portable laboratory 
testing, computed tomography (CT) 
capabilities, and in-person or telemedi-
cine access to a vascular neurologist and 
radiologist for efficient clinical evalua-
tion and interpretation of the acquired 
studies. While widespread adoption of 
prehospital thrombolysis protocols is 
still years ahead of us, other methods 
to expedite stroke evaluation in the 
prehospital setting include the use of 
ambulance-based telemedicine21 or hos-
pital pre-notification systems.22 These 

interventions can allow rapid, real-time 
diagnosis of stroke from a remote set-
ting in the field, including confirmation 
of the stroke severity and onset time. 
In addition, improved communication 
between the transferring and receiving 
medical professionals will enhance the 
mobilization and coordination of the 
receiving stroke team who can now be 
poised, awaiting the patient’s arrival at 
the hospital door, ready to administer 
treatment as applicable.

Systems of Care for Coordinated 
Stroke Treatment. Like any time-based 
therapy that requires coordination 
among multiple physician specialties, 
an appropriately organized system of 
care is necessary to provide the most 
timely and evidence-based therapeutic 
interventions to the largest number of 
patients.23,24 Many considerations, such 
as patient or clinical characteristics, 
geographic restraints, and limitations 
in staffing or infrastructure, may affect 
where stroke patients ultimately receive 
their care. The advent of comprehensive 
stroke centers (CSCs) capable of provid-
ing endovascular stroke interventions 
has improved outcomes25 and allowed 
access to treatment for those patients 
with the most severe form of stroke due 
to large vessel occlusions. However, not 
all stroke patients would equally benefit 
from treatment in a CSC, and therefore 
allocation of resources is an important 
factor when deciding to which hospi-
tal a patient should be transported by 
emergency medical services. It has been 
suggested that those patients with less 
severe strokes, or those with longer travel 
times needed to reach a CSC, be treated 
initially in a primary stroke center or 
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acute stroke-ready hospital.7,24,26 At these 
hospitals, a patient can be administered 
alteplase as a bridging therapy and then 
can be further considered for transfer to 
a CSC for more definitive endovascular 
treatment. Therefore, if a stroke patient 
with a suspected large vessel occlusion 
is being treated within a hospital that 
cannot provide intra-arterial therapy, this 
patient should be transferred immedi-
ately to a hospital with such capabilities 
after the decision whether to administer 
IV thrombolysis has been made.7

Intravenous Thrombolysis 
with tPA

Despite recent advances in endo-
vascular therapies, IV-tPA remains the 
mainstay of acute stroke treatment for 
patients presenting within 4.5 hours of 
symptom onset. Many patients with 
disabling stroke symptoms do not meet 
selection criteria for endovascular treat-
ment (e.g., do not have a confirmed 
large vessel occlusion on noninvasive 
angiography), and, therefore, IV throm-
bolysis is their only option for effective 
therapy. In the United States, IV-tPA 
is FDA-approved to be administered 
within 3 hours of stroke onset. However, 
in European countries, clinical data 
have demonstrated a benefit of IV 
thrombolysis in a window extended 
to 4.5 hours in certain patient popula-
tions. Within these treatment windows, 
IV-tPA improves the functional recovery 
from stroke at 3 or 6 months without 
an increase in mortality, despite a higher 
risk of symptomatic intracerebral hem-
orrhage (sICH).3,5

Landmark IV-tPA Clinical Trials. 
The 1995 American trial studying the 
effects of IV-tPA compared to placebo 
in patients with acute ischemic stroke 
was known as the National Institutes 
of Neurological Disease and Stroke IV 
tPA Study (NINDS).5 The NINDS 
trial demonstrated that among stroke 
patients presenting within 3 hours of 
symptom onset, those treated with 
alteplase were significantly more likely 
to have a complete recovery or mini-
mal neurological deficit at 3 months 
post-treatment. The magnitude of 
the efficacy was impressive; the study 
reported a 30-55% relative improvement 

in several clinical outcome measures 
of disability for those patients treated 
with tPA rather than placebo. Overall 
mortality was not significantly different 
between groups, despite an increase in 
the observed rate of sICH in the treat-
ment group (6.4%) compared to placebo 
(0.6%). Treatment benefit was observed 
despite inclusion of patients with varying 
stroke mechanisms, including cardioem-
bolism, large vessel atheromatous disease, 
and lacunar (small-vessel) strokes.

In Europe, another trial published 
in 2008 aimed to specifically study 
the effect of IV-tPA in an extended 
time window. This trial, known as the 
European Cooperative Acute Stroke 
Study (ECASS) III, randomized 
patients who presented between 3 and 
4.5 hours from symptom onset to receive 
alteplase or placebo. The authors found 
that those treated with IV-tPA had a 
significant, 7.2% absolute increase in 
the rate of minimal or no disability at 3 
months post-treatment. The patients also 
experienced similar mortality, despite 
higher rates of sICH (2.4%) than those 
observed in the placebo group (0.3%). 
It should be noted that the ECASS 
investigators defined symptomatic ICH 
in a more conservative manner than did 
the NINDS trial investigators. When 
applying the NINDS trial definition 
of sICH to ECASS III patients, the 
rate of symptomatic hemorrhage was 
7.9% in the alteplase arm. Additionally, 
several patient populations were nota-
bly excluded from participating in the 
EACSS III trial, as these groups are at 
a higher risk of hemorrhagic conversion 
and other adverse events. These exclu-
sions included those patients older than 
80 years of age, those with very severe 
strokes (National Institutes of Health 
Stroke Scale [NIHSS] score > 25), those 
with both prior stroke and diabetes mel-
litus, and those with any oral anticoagu-
lant use regardless of coagulation study 
values. Therefore, the treatment of these 
patient populations after 3 hours has 
been historically excluded from hospitals’ 
clinical protocols, due to concerns for 
unclear safety and efficacy. 

The Third International Stroke Trial 
(IST-3), published in 2012, attempted 

to further evaluate the efficacy of 
alteplase in those patients excluded or 
not included in large numbers in the 
initial IV-tPA trials.27 Particularly, 53% 
of the patients included in the trial 
were older than 80 years of age, and the 
investigators studied the treatment of 
patients presenting up to 6 hours from 
symptom onset. The primary outcome 
of functional independence (determined 
by the Oxford Handicap Scale) at 6 
months post-treatment was observed in 
37% of the treatment arm and 35% of 
the placebo arm, a difference that was 
not significant (P = 0.18). The neutral 
results were likely explained by the trial’s 
recruitment of patients with higher risk 
for adverse events within extended time 
windows where alteplase is known to 
have limited benefit in stroke. However, 
in pre-specified subgroup analyses, there 
was a suggestion that patients older and 
younger than 80 years of age benefitted 
similarly from tPA treatment and that 
those with increasingly severe strokes 
had significantly greater benefit from 
thrombolysis. However, this subgroup 
analysis was underpowered and should 
be interpreted with caution in the con-
text of a non-significant benefit for the 
primary outcome. 

Meta-analyses of IV-tPA Trials. 
Pooled analyses of these tPA trials have 
found that the net clinical benefit of tPA 
dampens with time, further demonstrat-
ing the concept that “time is brain.”3,28 
As time unfolds, not only does the ben-
efit on disability outcomes diminish, but 
the risk of adverse events increases. The 
end result is that no reliable, significant 
benefit of alteplase therapy for acute 
ischemic stroke has been demonstrated 
after 4.5 hours. Although some data 
have suggested a possible benefit up to a 
6-hour window,28 it is likely not relevant 
in routine, real-world clinical practice. 
Therefore, guidelines and hospital pro-
tocols typically recommend treatment 
within a 3-hour window, which may be 
extended to 4.5 hours in certain patient 
populations.26,29 

These meta-analyses also allowed 
for an improved assessment of the risk 
and benefit of alteplase administration 
in patients who were not included in 
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large numbers in the NINDS trial, such 
as elderly patients or those with very 
severe stroke syndromes, due to concerns 
over excessive risk of hemorrhage. On 
the contrary, within 3 hours of stroke 
onset, there is apparent benefit of tPA 
in patients older than 80 years of age 
and with very severe strokes (NIHSS > 
22). These findings have been confirmed 
when reviewing international registry 
data.30,31 However, after 3 hours, in 
patients who meet ECASS III exclu-
sionary criteria (i.e., age > 80 years, 
NIHSS > 25, diabetes and prior stroke, 
any anticoagulant use) the benefit of 
tPA is less certain due to lacking data. 
Therefore, the AHA/ASA does not as 
strongly encourage routine treatment of 
these patients within the extended 4.5-
hour time window.26,29 

Clinical Pathways for Acute Stroke 
Treatment. In-hospital acute stroke 
treatment needs to be based on accepted 
protocols and pathways that deliver 
evidence-based care efficiently and in an 
organized manner. Ideally, IV throm-
bolysis should be started as soon as pos-
sible, but historically only 27% of stroke 
patients presenting through the ED 
receive treatment within 60 minutes.32 
With experience and the invention of 
novel methods aimed at expediting 
the evaluation of acute stroke patients, 
in-hospital delays to thrombolysis have 
improved over time9 and the frequency 
of tPA administration has increased.33 
Simple interventions that reduce door-
to-needle times can be instituted on a 
hospital level and lead to lower mortal-
ity, lower rates of sICH, and improved 
discharge disposition.34,35 Such interven-
tions were proposed in a national cam-
paign, Target: Stroke, which promoted 
and monitored the effects of widespread 
utilization of various techniques meant 
to reduce in-hospital delays, such as: 
hospital pre-notification by emergency 
medical services, rapid triage, notifica-
tion of a stroke team with a single call 
or page, expedited acquisition and inter-
pretation of brain imaging, premixing 
of tPA prior to CT acquisition, storage 
of tPA within the ED, and prompt 
review of feedback from performance 
data. Hospitals that implement stroke 

protocols based on the Target: Stroke 
campaign trigger rapid diagnosis and 
evaluation of stroke patients, enhance 
communication among team members, 
and gain access to more readily-available 
alteplase if needed. Each of these simple 
protocol changes can reduce treatment 
times by at least 1.3 minutes once imple-
mented.35 Still, there is significant varia-
tion in stroke practices between centers 
in the United States,36 and more work 
needs to be done to better standardize 
these practices. 

A patient presenting to the ED with 
symptoms of acute stroke should prompt 
the activation of a stroke team, which 
often involves a combination of practi-
tioners and technicians from neurology, 
emergency medicine, radiology, nursing, 
laboratory, and pharmacy.26 See Table 1 
for a list of the various duties performed 
by these specialists to streamline the 
stroke evaluation. It is imperative that 
the treating team obtain the time that 
the patient was observed last known 
normal, as acute stroke treatments can 
only be applied within narrow, discrete 
time windows. 

Initial management should focus on 
patient stabilization, as in any emergency 
situation. The prompt placement of 
two peripheral IVs, preferably large-
bore and in an antecubital location, is 
important to allow for the concurrent 
rapid administration of alteplase and 
acquisition of CT angiography in cases 
of suspected large vessel occlusion. Once 
a patient is confirmed to be hemody-
namically stable and protecting his or 
her airway, the emphasis should shift to 
a focused stroke evaluation. A fingerstick 
is required prior to tPA administra-
tion, as severe hypoglycemia occasion-
ally can mimic stroke syndromes and 
hyperglycemia is associated with worse 
outcomes.26 Nursing staff also should 
obtain blood for basic laboratory evalu-
ation, including a complete blood count 
and coagulation studies. Other labora-
tory testing is not required prior to tPA 
administration unless the patient has 
medical history or recent medication use 
that could implicate a reason to suspect 
a bleeding diathesis.26 Retrospective 
data have demonstrated that the rate of 

unsuspected contraindications to throm-
bolysis based on previously-unknown 
thrombocytopenia or coagulopathy is 
very low (0.4%).37 Furthermore, many 
hospital EDs are investing in point-of-
care laboratory testing, which can sig-
nificantly reduce delays to thrombolysis, 
and remove the safety concerns related 
to tPA administration when the values 
of platelets and coagulation studies are 
unknown.38 Hypertension is common in 
the acute phase of stroke as a compensa-
tory mechanism to maintain cerebral 
perfusion of the ischemic penumbra. 
Therefore, blood pressure should be 
carefully monitored and gently regulated 
if necessary. National guidelines recom-
mend the lowering of blood pressure 
in hypertensive patients below 185/110 
mmHg prior to tPA administration, 
given the increased risk of hemorrhagic 
conversion and other adverse events in 
patients with uncontrolled hyperten-
sion.26,39 Nevertheless, care should be 
taken to avoid hypotension, as aggressive 
blood pressure reduction similarly can 
lead to worse outcomes.39 

Either following or simultaneous with 
the initial nursing care and patient sta-
bilization, the stroke team will perform 
a brief, targeted history and neurological 
exam. This evaluation, often performed 
by a neurologist, aims to quickly diag-
nose a clinical stroke and identify a 
recognized stroke syndrome attribut-
able to a known vascular territory. This 
neurological examination, the NIHSS, 
is a 42-point validated scale that can 
quantify stroke severity, with higher 
scores referring to more severe stroke 
symptoms.40 (See Table 2.) The NIHSS 
evaluates 11 neurological domains in a 
focused fashion, including conscious-
ness, language, visuospatial perception, 
cranial nerves, strength, sensation, and 
coordination. Lastly, an emergent CT 
of the head will rule out intracranial 
hemorrhage, which should be excluded 
prior to administering tPA. Additionally, 
the head CT may occasionally help to 
rule in ischemia in the early phases of 
stroke, by demonstrating an intra-arterial 
thrombus (i.e., vessel hyperdensity) or 
loss of the insular ribbon or obscura-
tion of other areas of gray-white matter 
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differentiation. 
Prior to mixing tPA, the patient’s 

medical history should be carefully con-
sidered to evaluate whether he or she 
meets any of the clinical contraindica-
tions for IV thrombolysis. (See Table 3.) 
Such contraindications focus on reasons 
a given patient may be expected to be at 
an increased bleeding risk, such as a large 
completed infarction, evidence of cur-
rent or previous intracranial hemorrhage, 
recent bleeding, recent surgery, recent 
trauma, or the presence of a bleeding 
diathesis. If a patient is suspected to have 
a large vessel occlusion based on the 
severity of the stroke syndrome (typi-
cally in proximal arterial occlusions, the 
NIHSS is > 10 with cortical signs such 
as aphasia or neglect), then an emergent 
CT angiogram should be obtained 
to confirm the intracranial occlusion. 
However, this should only be done after 
or concurrently with alteplase adminis-
tration, so as not to delay treatment. 

Endovascular Therapy  
for Acute Ischemic Stroke

Large Vessel Occlusion and Stroke 
Syndromes. One-third to one-half of 
acute ischemic strokes are due to the 
large vessel occlusion (LVO) of a major 
intracranial artery.41 The presence of an 
LVO is independently associated with 
poorer outcomes and often produces 
some of the most severe stroke syn-
dromes.41,42 Unfortunately, the effect of 
IV-tPA diminishes with increasing clot 
burden, and proximal artery occlusions 
are often refractory to IV thrombolysis.43 
IV-tPA results in recanalization of a 
proximal intracranial occlusion in less 
than one-third of cases.43 Given that 
recanalization rates are strongly linked 
to outcomes,43 a method of treatment to 
be used in conjunction with IV-tPA has 
been heavily desired. Recently, multiple 
endovascular trials were published dem-
onstrating the clinical benefit of intra-
arterial therapy (IAT) for acute ischemic 
stroke patients with LVO who presented 
within at least 6 hours of symptom 
onset.6,44-47

Patients with acute intracranial ves-
sel occlusion often have moderate to 
severe stroke syndromes, as judged by 
the NIHSS. (See Table 2.) In the five 

Table 1. Emergency Department Diagnostic Evaluation 
for Acute Ischemic Stroke

Emergency Medical Services

• Confirm LKN time
• Assess airway and hemodynamics
• Initiate cardiac monitoring
• Determine fingerstick blood glucose and treat accordingly
• Triage and rapidly transport patient to the nearest, most appropriate 

hospital ED
• Notify hospital ED of imminent stroke patient arrival

Emergency Room

• Confirm LKN time
• Rapid triage
• Rapid activation of stroke team
• Assess airway and hemodynamics
• Obtain history
• Assess for tPA contraindications
• Treat severe hypertension in conjunction with stroke team
• Make decision regarding tPA in conjunction with stroke team

Nursing

• Assess vital signs
• Initiate cardiac monitoring
• Placement of 2 peripheral IVs
• Determine fingerstick blood glucose and treat accordingly
• Draw basic stroke laboratory studies*

• 12-lead ECG

Stroke Team

• Confirm LKN time
• Obtain history
• Perform NIHSS
• Diagnose clinical stroke
• Head CT interpretation
• Assess for tPA contraindications
• Discuss risks and benefits of treatment with patient and family
• Make decision regarding tPA

Radiology

• Head CT acquisition
• Head CT interpretation

Laboratory

• Expedited diagnostic testing of stroke laboratory studies*

Pharmacy

• Storage of tPA in ED
• Expedited mixing of tPA for stroke patients

*Stroke laboratory studies standardly include basic metabolic profile, complete blood count, 
coagulation studies (PT/INR and aPTT) and markers of cardiac ischemia.  
LKN = last known normal; NIHSS = National Institutes of Health Stroke Scale; CT = computed 
tomography; IV = intravenous line; ED = emergency department
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landmark endovascular trials published 
in 2015, the mean NIHSS scores 
ranged from 13-18.6,45 For a frame of 
reference, minor stroke is commonly 
defined as a score of < 6 on this scale,48 
with larger values more predictive of 
an acute LVO.49 Additionally, patients 
with proximal intracranial occlusions of 
the anterior circulation (including the 
middle cerebral artery [MCA] and the 
internal carotid artery [ICA]) are more 
likely to display cortical signs on exami-
nation, such as aphasia, neglect, or visual 
loss.50 Particular attention should be paid 
to the severity and spectrum of the func-
tional deficits exhibited by the patient, as 
these may provide valuable clues to the 
expected presence of an LVO. 

Diagnostic Workup of a Suspected 
LVO and IV-tPA as Bridging Therapy.  
The initial diagnostic evaluation of 
patients being considered for IAT 
should be similar to that performed 
on any stroke patient being considered 
for IV thrombolysis. (See Table 1 and 
Figure 1.) In fact, the vast majority of 
patients included in recent endovascular 
trials received IV-tPA in addition to 
intra-arterial treatment. The number 
of patients who first underwent IV 
thrombolysis prior to IAT ranged from 
73-100% in these trials.45,47 IV-tPA 
remains an important method of therapy 
for patients with LVO for two reasons, 
ultimately demonstrating the signifi-
cance of concurrent IV alteplase admin-
istration in eligible patients, even if they 
are planned for subsequent IAT. 

First, clot extraction performed within 
a proximal artery often results in distal 
embolization of thrombotic material into 
smaller arteries downstream of the target 
vessel.51 Furthermore, embolization into 
new vascular territories, separate from 
the target artery, can be demonstrated 
in 9% of patients as a procedural com-
plication of arterial intervention.6 Such 
embolic particulate may not be easily 
accessed by catheterization techniques 
if lodged in small, distal arteries but 
potentially could be recanalized with the 
aid of ongoing intravenous fibrinolysis. 

Second, stroke patients can be treated 
with IV-tPA as an initial therapy when 
access to endovascular intervention 

may be limited or delayed. For instance, 
many patients are first evaluated within 
a stroke center which does not have 

endovascular capabilities. In these hos-
pitals, patients who are suspected to 
have a proximal intracranial occlusion 

Table 2. The National Institutes of Health Stroke Scale

1A Level of consciousness 0- Alert
1- Drowsy
2- Obtunded
3- Coma/unresponsive

1B Orientation questions
 a. Patient’s age
 b. Current month

0- Answers both correctly
1- Answers 1 correctly
2- Answers neither correctly

1C Response to commands
 a. Close/open eyes
 b. Close/open fist

0- Performs both tasks correctly
1- Performs 1 task correctly
2- Performs neither

2 Gaze 0- Normal horizontal movements
1- Partial gaze palsy
2- Complete gaze palsy

3 Visual fields 0- No visual field defect
1- Partial hemianopia
2- Complete hemianopia
3- Bilateral hemianopia

4 Facial movement 0- Normal facial movement
1- Minor facial weakness
2- Partial facial weakness
3- Complete unilateral palsy

5 Motor function (arm)
 a. Left
 b. Right

0- No drift
1- Drift before 10 seconds
2- Hits bed before 10 seconds
3- No effort against gravity
4- No movement

6 Motor function (leg)
 a. Left
 b. Right

0- No drift
1- Drift before 5 seconds
2- Hits bed before 5 seconds
3- No effort against gravity
4- No movement

7 Limb ataxia 0- No ataxia
1- Ataxia in 1 limb
2- Ataxia in 2 limbs

8 Sensation 0- No sensory loss
1- Mild sensory loss
2- Severe sensory loss

9 Language 0- Normal language
1- Mild aphasia
2- Severe aphasia
3- Mute or global aphasia

10 Speech articulation 0- Normal
1- Mild dysarthria
2- Severe dysarthria

11 Extinction/inattention 0- Absent
1- Mild (abnormal in 1 sensory modality)
2- Severe (abnormal in 2 sensory modalities)
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should be transferred immediately to a 
CSC as potential candidates for IAT. 
However, in reality, transfer times can 
pose significant delays to reperfusion 
and cost the patient as much as 1.5 
hours in transport, resulting in longer 
times to definitive treatment and wors-
ened outcomes.52 IV-tPA may be used as 
a bridging therapy to endvascular care in 
these instances, which has been found to 
improve recanalization rates in patients 
eventually undergoing IAT.53

Once the decision to administer tPA 
is made, the patient next should undergo 
emergent noninvasive angiography to 
confirm the presence of an LVO, if sus-
pected. (See Figure 1.) A high-quality 
CT angiogram (CTA) of the head and 
neck will provide data on the location 
of an intracranial LVO, the quality of 
collateralization, as well as the presence 
of comorbid extracranial carotid stenosis 
that may require concurrent interven-
tion. Endovascular trials that did not 
require the confirmation of a LVO by 
CTA prior to randomization failed to 
demonstrate any benefit of endovascular 
treatment.54-56 If an acute occlusion of a 
proximal intracranial artery, such as the 
MCA or ICA, is discovered on angiog-
raphy, then the patient may be a candi-
date for mechanical thrombectomy if 
there remains a large mismatch between 
ischemic penumbra (i.e., tissue at risk) 
and core infarct (i.e., established stroke). 
However, if there is a large area of estab-
lished infarct, the patient is unlikely to 
benefit from intra-arterial interven-
tion.52 The presence of core infarct can 
be determined through multiple tech-
niques and has been used successfully to 
select patients for endovascular therapy 
through such modalities as noncon-
trast cranial CT,6,44 collateral scores on 
CTA,44,57 CT perfusion scans,45,46 and 
MRI.47,58 Often, the Alberta Stroke 
Program Early Computed Tomography 
Score (ASPECTS) is used to standardly 
quantify the amount of early ischemic 
changes in the MCA territory pres-
ent on a noncontrast head CT.59 The 
ASPECTS scale is a 10-point, validated 
scoring system, where an initial score 
of 10 indicates a normal CT scan, and 
1 point is subtracted for each abnormal 

Table 3. Criteria for the Use of IV-tPA in Acute Ischemic 
Stroke
Inclusion Criteria

• A clinical diagnosis is made of ongoing acute cerebral ischemia 
 - This cerebral ischemia is resulting in a potentially disabling deficit

• The onset of symptoms was within 4.5 hours from presentation
• The patient is aged 18 years or older

Absolute Exclusion Criteria

• Radiographic exclusions
 - Hemorrhage on head CT
 - Hypodensity greater than one-third of a cerebral hemisphere 

demonstrated on head CT
• Active internal bleeding
• Patients at increased risk of severe hemorrhagic complications

 - History of previous intracranial hemorrhage
 - Intracranial neoplasm, arteriovenous malformation, or aneurysm
 - Significant head trauma or prior stroke within 3 months
 - Recent intracranial or intraspinal surgery
 - Infective endocarditis as the cause of cerebral embolism

• Active bleeding diathesis, often defined as:
 - Platelet count < 100,000/mm3

 - Abnormally elevated aPTT above the upper limit of normal
 - INR > 1.7 or PT > 15 seconds.
 - Current use of direct thrombin of factor Xa inhibitors within 48 hours or 

if a sensitive laboratory test remains elevated (e.g., aPTT, INR, ECT, TT, or 
factor Xa assay)

• Vital sign disturbances+

 - Severely elevated blood pressure (defined as > 185/110 mmHg)
 - Blood glucose concentration < 50 mg/dL

Relative Exclusion Criteria*

• Pregnancy
• Major surgery or serious trauma within the previous 14 days
• Recent gastrointestinal or urinary tract hemorrhage within 21 days
• Minor or rapidly improving symptoms (resolving spontaneously)
• Seizure at onset with postictal residual impairments
• Recent acute myocardial infarction within 3 months
• Arterial puncture at a noncompressible site within 7 days
• Symptoms suggestive of subarachnoid hemorrhage

Relative Contraindications to Extend the Treatment Window to 4.5 hours#

• Age older than 80 years
• NIHSS > 25
• Any anticoagulant usage regardless of coagulation study results
• The patient has both diabetes mellitus and a history of previous stroke

+ IV thrombolysis may be administered if these vital sign disturbances can be corrected within an 
appropriate time window.  
* Depending on the clinical circumstances, with careful consideration of the risks and benefits, 
patients may receive IV thrombolysis despite 1 or more of these relative contraindications.  
# These relative contraindications are based on the ECASS III trial exclusionary criteria. Depending on 
the clinical circumstances, with careful consideration of the risks and benefits, patients may receive 
IV thrombolysis despite 1 or more of these relative contraindications during an extended time 
window. 
CT = computed tomography; aPTT = activated partial thromboplastin time; INR = international 
normalized ratio; PT = partial thromboplastin time; ECT = ecarin clotting time; TT = thrombin time; 
NIHSS = National Institutes of Health Stroke Scale



44     Primary Care Reports / April 2016  AHCMedia.com

area within 10 pre-specified regions 
of the cortex and deep subcortical 
structures. The higher the ASPECTS 
number, the smaller the core infarct, 
the larger the presumed ischemic pen-
umbra, and the better the patient is a 
candidate for intervention. Many of the 
recent endovascular trials used a cutoff 
of 6 or better on the ASPECTS scale as 
part of the inclusionary criteria for trial 
selection, as these patients are thought 
to have the largest areas of salvageable 
brain tissue.44,46,47 

Limitations of IV-tPA Treatment 
for Acute Stroke. Although IV throm-
bolysis remains the mainstay of acute 
stroke treatment, there are several limi-
tations to its use in certain patient pop-
ulations.26 Endovascular interventions 
for acute stroke may help a proportion 
of those patients who fail to respond 
to IV-tPA or who cannot be treated 
with tPA due to various contraindica-
tions.7 Endovascular therapies include 
intra-arterial tPA administration and 
mechanical clot extraction, either 
with or without IV thrombolysis as a 
bridging therapy. Such catheter-based 
techniques offer longer therapeutic time 
windows and higher rates of arterial 
recanalization, and may minimize some 
of the hemorrhagic risks observed with 
systemic thrombolytic agents.56,60 

First, there is a narrow time window 
during which IV-tPA has been proven 
to be safe and effective as therapy for 
ischemic stroke, precluding the treat-
ment of patients presenting after 3 
or 4.5 hours, even in cases of severe 
stroke.26 Large-scale treatment of acute 
ischemic stroke populations requires a 
streamlined prehospital course to allow 
for tPA administration prior to the 
lapse of the therapeutic window. This 
includes the prompt recognition of 
stroke symptoms, the identification of 
a known time of onset, rapid activation 
of the emergency response system, and 
appropriate triaging and swift transport 
by emergency medical services. Due 
to various potential delays, more than 
three-quarters of patients with ischemic 
stroke do not present to medical atten-
tion early enough to be treated with IV 
thrombolysis within 3 hours.33 In some 

of these missed cases, the patients may 
be eligible for mechanical thrombec-
tomy, which is recommended by the 
AHA/ASA for up to 6 hours follow-
ing the onset of stroke due to proximal 
vessel occlusion.7 It should be noted 
that two of the recent endovascular tri-
als enrolled patients after 6 hours from 
stroke onset using advanced neuroim-
aging techniques to determine if there 
was a reasonable mismatch between 
ischemic penumbra and core infarct.44,47 
However, given the small number of 
patients enrolled after 6 hours, the ben-
efit of such treatments is suggested but 
uncertain in extended time windows, 
even if there is salvageable brain tissue 
demonstrated by perfusion or MRI 
scanning.44 Regardless, even within the 
6-hour window, it has been found that 
— just like with IV thrombolysis — the 
earlier mechanical thrombectomy is 
successfully performed, the better the 
chances of functional recovery following 
stroke.2,61

Second, treatment with 
IV-tPA results in poorer rates of 

revascularization than endovascular 
therapy for proximal arterial occlu-
sions.60 Patients who achieve complete 
or near-complete recanalization have 
significantly better chances of inde-
pendent recovery from their strokes.62 
Unfortunately, IV-tPA recanalizes only 
one-third of proximal arterial occlu-
sions, including those of the ICA or 
MCA, which typically result in the 
most severe stroke syndromes.43 On 
the other hand, IAT is designed to 
treat patients with proximal intracranial 
occlusions, which are accessed using 
guidewires through microcatheters and 
are immediately recanalized with the 
successful deployment of a retrievable 
stenting device. The recanalization rates 
observed in recent endovascular trials 
using these stent-retrievers reached as 
high as 88%.46 It is likely this improve-
ment in successful revascularization is 
the main reason for the multitude of 
positive results from recently published 
endovascular trials.

Lastly, many patients are not candi-
dates for IV thrombolysis due to various 

Figure 1. Suggested Diagnostic and Treatment Algorithm 
for Patients with Acute Ischemic Stroke Due to a Large 
Vessel Occlusion

CT = computed tomography; IAT = intra-arterial therapy

Noncontrast Head CT

Administer IV-tPA if eligible  
(within 4.5 hours of onset)

CT angiography

Perform IAT if eligible 
(within 6 hours of onset)
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contraindications, most of which center 
around an increased risk of systemic 
hemorrhage with the administration of 
IV-tPA. Such contraindications include, 
but are not limited to, bleeding dia-
theses, recent surgeries, or intracranial, 
gastrointestinal, or urological bleeding 
events. (See Table 3.) Endovascular tech-
niques can employ the targeted use of 
intra-arterial thrombolytics or accom-
plish recanalization without the use of 
thrombolytics at all, thereby minimizing 
the concern for systemic hemorrhage 
and consequently expanding the pro-
portion of stroke patients eligible for 
acute intervention. However, it should 
be noted that many of the recent endo-
vascular trials did include exclusionary 
criteria based on coagulation study 
results; however, these laboratory abnor-
malities were set at higher values than 
considered safe with IV thrombolysis.5,6 
Furthermore, many of the contraindica-
tions for IV-tPA in today’s practice are 
based on populations not well studied 
in large numbers during the initial tPA 
trials: NINDS and ECASS III. This 
particularly pertains to the treatment 
of patients older than 80 years of age or 
with severe strokes (i.e., those with very 
high NIHSS scores), especially during 
the treatment window between 3 to 4.5 
hours from symptom onset. Only 26% 
and 9% of the patients in landmark IV 
treatment trials were older than 80 years 
of age and had an NIHSS > 22, respec-
tively.3 Therefore the safety and benefit 
of IV treatment in these patients is not 
well known, but has been suggested by 
non-randomized data30,31 and pooled 
analyses.3 Such limitations in the 
randomized data prompted the FDA 
recently to remove several of these con-
traindications from the package insert 
label and resulted in the re-review of 
the exclusionary criteria for IV throm-
bolysis by the AHA/ASA.29 In stark 
contrast, many of the recent endovascu-
lar trials were designed to be pragmatic 
in nature and limit exclusionary patient 
selection criteria based on advanced age 
or elevated NIHSS. For instance, the 
MR CLEAN protocol allowed patients 
to be randomized if age was > 18 years 
or NIHSS was > 2, without defined 

upper limits.6 Clinically, such pragma-
tism allows the benefit demonstrated in 
the endovascular trials to be generaliz-
able to most stroke patients presenting 
to the ED and reduces the uncertainty 
of treatment benefit plaguing the 
clinical application of the IV-tPA tri-
als to certain patient subgroups in the 
extended time window from 3 to 4.5 
hours.

Limitations of the Initial 
Endovascular Trials with Neutral 
Results. The year 2013 was a discour-
aging one in the history of endovas-
cular stroke treatment. Three separate 
randomized trials (SYNTHESIS 
Expansion, IMS III, MR RESCUE) 
were published demonstrating no ben-
efit of endovascular therapy over the 
standard of care.54,55,63 There are three 
commonly cited reasons for why these 
trials failed to find improved outcomes 
following intra-arterial therapy: 1) ear-
lier generation devices were used; 2) the 
protocols did not require the confirma-
tion of a large vessel occlusion prior to 
randomization; and 3) there were delays 
to treatment.

In the recent endovascular trials, 
stent-retreiver devices were used either 
exclusively45-47 or in the vast majority6,44 
of interventions, whereas intra-arterial 
thrombolytics were used scarcely, 
administered in less than 17% of cases.60 
Stent-retrievers are expandable stents 
deployed at the site of the occlusion 
that can result in immediate restora-
tion of blood flow by entrapping the 
thrombus between the stent and vessel 
wall, as well as eventually removing the 
thrombotic material through retraction 
of the device into a catheter. Retrievable 
stents represent the newest generation 
of intra-arterial devices for stroke care 
and have been associated with improved 
recanalization rates compared to older 
devices.64,65 However, given that these 
devices were not yet available dur-
ing the initial recruitment phases of 
the trials, MR RESCUE did not use 
stent-retrievers on patients assigned 
to the intervention arm, and IMS III 
(5%) and SYNTHESIS Expansion 
(13%) only minimally employed this 
technology. The use of intra-arterial tPA 

and an older-generation corkscrew-
shaped device, Merci, resulted in the 
lower recanalization rates witnessed in 
these trials, which ranged from 25%63 
to 41%.54 In current practice, stent-
retrievers, such as Solitaire and Trevo, 
are now FDA-approved for acute 
stroke therapy and are the standard of 
care for the revascularization of LVOs. 
Angiographic recanalization using these 
newer devices can be achieved in more 
than 75% of patients.60 

Furthermore, the protocols for IMS 
III and SYNTHESIS Expansion 
did not require pretreatment vascular 
imaging to confirm an LVO prior to 
randomization.54,55 This methodological 
failure resulted in more than 20% of the 
patients randomized to intra-arterial 
therapy in IMS III being incapable 
of receiving the assigned intervention 
because no acute occlusion existed on 
which to intervene. This was likely more 
of a failure of trial design than endovas-
cular intervention, as subsequent data 
suggested that a benefit of intra-arterial 
therapy may have been observed in the 
IMS III trial had only those patients 
with confirmed LVO been exclusively 
analyzed.66 All of the recent endovas-
cular trials demonstrating the benefit 
of endovascular therapy required the 
confirmation of a proximal arterial 
occlusion by noninvasive angiography 
prior to entry into the respective stud-
ies. In clinical practice, all patients being 
considered for intra-arterial therapy 
should first have emergent CTA to 
clearly define the intracranial occlusion. 
If an acute stroke patient with suspected 
LVO is being treated at a hospital with-
out capabilities for CTA or endovascu-
lar therapy, an immediate rescue transfer 
to a CSC is imperative if the patient is 
within a 6-hour treatment window. 

It is well known that delays to stroke 
treatment result in progressively dimin-
ished benefits regarding functional 
outcomes, and endovascular therapy is 
no different. For every hour of delay to 
reperfusion, the absolute benefit of IAT 
is reduced by 6%.2 The benefit of swift 
intervention was built into the trial 
design of the recent endovascular stud-
ies. ESCAPE required that the time 



46     Primary Care Reports / April 2016  AHCMedia.com

from CT imaging to procedure initia-
tion be less than 1 hour, which resulted 
in this study boasting the fastest recana-
lization times (241 minutes from symp-
tom onset to revascularization).44 In 
contrast, MR RESCUE had the lon-
gest delays to treatment, with the mean 
length from onset to groin puncture 
being 381 minutes.63 In clinical practice, 
therapy should be started as quickly as 
possible, as even small procedural delays 
(e.g., the need for general anesthesia) 
may worsen outcomes.67 

Recent Endovascular Trials with 
Positive Results. Clinical equipoise 
regarding endovascular stroke care 
remained until 2015 when five trials 
with positive results were published 

within the span of 6 months. All five 
studies clearly demonstrated a clinical 
benefit of IAT over standard medi-
cal care (including IV thrombolysis) 
without an increase in mortality or 
sICH.56,60 MR CLEAN was the first 
of these trials to be published and 
prompted an early interim analysis of 
the other studies.6 The subsequent  
analyses from EXTEND-IA,45 
ESCAPE,44 SWIFT PRIME,46 
and REVASCAT47 confirmed the 
findings of MR CLEAN, that intra-
arterial therapy is safe, is technically 
successful when utilizing the new-
est stent-retriever devices, and results 
in substantially improved functional 
outcomes. The AHA/ASA has since 

updated its guidelines to recommend 
IAT as the standard of care therapeutic 
option for patients with demonstrated 
LVO and who present within 6 hours 
of symptom onset.7

Since MR CLEAN was the first 
to be published, fully completed its 
planned enrollment, and was designed 
to be the most pragmatic, it serves as 
the basis for comparison among the five 
trials. MR CLEAN was a multicenter, 
randomized trial of endovascular treat-
ment for acute stroke patients with 
proximal arterial occlusions in the 
Netherlands.6 Five hundred patients 
were randomized to intra-arterial 
therapy, largely with stent-retreivers, 
and compared to standard medical 

Figure 2a. Neurovascular Imaging for an Acute Ischemic Stroke Patient Undergoing  
Evaluation for Endovascular Intervention
Case: An 84-year-old man with hypertension, coronary artery disease status-post bypass, and stenting presented to the 
ED with acute onset aphasia and right hemiparesis. The initial NIHSS was 12. Noncontrast head CT ruled out hemorrhage 
and found no early ischemic changes (ASPECTS 10). CTA demonstrated an occlusion of the proximal MCA. The patient 
was outside of the window for IV-tPA. Groin puncture occurred within 6 hours of onset. The interventionalist achieved full 
recanalization with a single pass of a stent-retreiver device. The patient was found to have atrial fibrillation as the cause of 
his stroke. He was discharged home with full strength and minor aphasia.

A: Noncontrast head CT showing no major early ischemic changes. B: CTA demonstrating occlusion (arrow) of the proximal 
left MCA.

ED = emergency department; NIHSS = National Institutes of Health Stroke Scale; ASPECTS = Alberta Stroke Program Early Computed Tomography Score; 
CTA = computed tomography angiogram; MCA = middle cerebral artery; IAT = intra-arterial therapy

A B
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care, in which 89% of control patients 
received IV thrombolysis. The study 
included adult patients presenting 
within 6 hours of onset with an NIHSS 

> 2 and a confirmed large vessel occlu-
sion within the anterior circulation 
(intracranial ICA, proximal MCA, or 
anterior cerebral artery). Procedural 

success was relatively high compared 
to previous endovascular trials, with 
complete or near-complete recanaliza-
tion being achieved in 59% of patients 

Figure 2b. Neurovascular Imaging for an Acute Ischemic Stroke Patient Undergoing  
Evaluation for Endovascular Intervention

C, D: CT perfusion scan showing mismatch of large penumbra (C) and small core infarct (D). E, F: Cerebral angiogram (E) 
demonstrating MCA occlusion (arrow) and complete revascularization following IAT (F).

ED = emergency department; NIHSS = National Institutes of Health Stroke Scale; ASPECTS = Alberta Stroke Program Early Computed Tomography Score; 
CTA = computed tomography angiogram; MCA = middle cerebral artery; IAT = intra-arterial therapy

C D

E F
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randomized to intervention. This was 
the first trial to demonstrate a benefit of 
endovascular therapy for acute ischemic 
stroke, with a 13.5% absolute increase 
in functional independence at 3 months 
and a number needed to treat of 3.4 
for an improvement in disability with 
intervention. There were no differences 
observed in rates of symptomatic intra-
cerebral hemorrhage (7.7% intervention 
vs 6.4% control) or 30-day mortality 
(18% each arm). 

Despite these powerful results, MR 
CLEAN patients had the lowest rates 
of complete or near-complete revascu-
larization (59%) and 3-month freedom 
from dependence (33%) out of all the 
endovascular trials published in 2015. 
This potential underestimation of 
the benefit of IAT may be due to the 
pragmatic nature of the trial, which 
allowed for the inclusion of cases with 
more complicated vascular anatomy. For 
instance, nearly one-third of patients in 
the intervention arm had an additional 
extracranial ICA occlusion, 13% of 
whom required a secondary stenting 
procedure. The complexity of these cases 
was further illustrated in the high rates 
of new stroke (5.6%) and embolization 
(9%) which occurred as a complication 
of the procedure in MR CLEAN. 

Although there are notable differ-
ences in study inclusion and patient 
selection criteria between the recent 
endovascular trials, they all similarly 

compared mechanical thrombectomy, 
largely with stent-retriever devices, 
to standard medical care, which most 
often included IV thrombolysis. See 
Table 4 for a comparison of the major 
inclusionary criteria, patient character-
istics, and outcomes between the land-
mark endovascular trials. The majority 
of patients in these randomized trials 
were treated within 6 hours, but some 
studies permitted a small number of 
patients to be randomized in later 
time windows.44,47 To select patients 
with a promising mismatch between 
core infarct and penumbra for study 
inclusion, REVASCAT allowed for 
the use of MRI,47 ESCAPE required 
patients to have good collateral flow 
on CTA,44 and SWIFT PRIME46 and 
EXTEND-IA45 employed CT perfu-
sion imaging. MR CLEAN was the 
only study to enroll patients based only 
on ASPECTS score if an LVO was 
confirmed on CTA.6 

When considering all of the tri-
als, it is apparent that endovascular 
therapy can be performed efficiently 
(with symptom onset to revascular-
ization times ranging from 200-269 
minutes)44,47 and with technical success 
(with good reperfusion rates ranging 
from 59% to 88%).6,46 This procedural 
success results in lower rates of dis-
ability, with an absolute improvement 
in physical independence ranging from 
13.5% to 31%,6,45 and a number needed 

to treat as low as 3.2.45 Furthermore, 
endovascular care is safe, with no con-
sistent significant difference in rates 
of sICH or mortality, although the 
ESCAPE trial did report an 8.6% 
significant reduction in mortality with 
IAT.44 Multiple meta-analyses have 
pooled data from the recent endovas-
cular trials and confirmed the benefit 
of intervention on functional inde-
pendence when compared to standard 
medical care, with an odds ratio of 
1.71.56,60 Given the strong benefit of 
IAT observed in these trials, mechani-
cal thrombectomy of proximal arterial 
occlusions of the anterior circulation 
should be considered standard of care 
within 6 hours of symptom onset.7

Endovascular 
Revascularization of the 
Posterior Circulation

Acute basilar artery occlusion is fre-
quently associated with poor prognosis 
in terms of disability and mortality.68 
Despite a typically devastating natural 
history, little is known about the most 
effective therapeutic approach for 
basilar occlusion through randomized 
data.69 This is likely due to the rarity of 
the disease, which accounts for as little 
as 1% of ischemic strokes.70 

Similar to acute stroke therapy in the 
anterior circulation, the goal of inter-
vention in patients with vertebrobasilar 
occlusions is to increase the rate of 

Table 4. Comparison of Selection Criteria, Patient Characteristics, and Outcomes  
Between the Major Randomized Endovascular Trials

Trial N

Goal  
IAT  

Time
Imaging 
Criteria

Age, 
meana

NIHSS, 
meana

ASPECTS, 
meana

IV-
tPA

Stent-
retriever

LKN to 
Punctureb

Successful  
Recanalizationc

90-day 
Functional 

Independenced sICH Mortality

IAT MED IAT MED IAT MED

MR CLEAN 500 6 CT 66 17 9 90% 82% 260 59% 33% 19% 7.70% 6.40% 21% 22%

ESCAPE 315 12 CT/CTA 70 16 9 76% 79% 200 72% 53% 29% 3.60% 2.70% 10% 19%

EXTEND-IA 70 6 CTP 69 17 NA 100% 77% 210 86% 71% 40% 0% 6% 9% 20%

SWIFT PRIME 196 6 CT/CTP 65 17 9 98% 89% 224 88% 60% 36% 0% 3% 9% 12%

REVASCAT 206 8 CT/MRI 66 17 7 73% 95% 269 66% 44% 28% 1.90% 1.90% 18% 16%

a For IAT arm only. No significant differences reported between control and intervention arms
b Time from last known normal to groin puncture (initiation of procedure) in minutes
c Patients who achieved TICI IIB/3 (complete or near-complete) revascularization
d Patients who scored 0-2 on the modified Rankin Scale at 90 days
IAT = intra-arterial therapy, MED = medical control arm, NIHSS = National Institutes of Health Stroke Scale, ASPECTS = Alberta Stroke Program Early CT Score; CT = computed tomography; CTA = CT angiogram; 
CTP = CT perfusion; MRI = magnetic resonance imaging; NA = not applicable; sICH = symptomatic intracerebral hemorrhage 
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recanalization, which has been linked to 
improved outcomes.71 Pooled analyses 
of nonrandomized data have shown 
that recanalization of an acute basilar 
occlusion results in a lower risk of death 
or dependency, with a number needed 
to treat of 3.72 This finding was pres-
ent regardless of whether the patient 
was treated before or after 12 hours 
of symptom onset. Due to the poor 
prognosis expected without recanaliza-
tion, patients with basilar occlusion are 
often considered for IAT in extended 
time windows outside of those deemed 
acceptable for treatment of the anterior 
circulation. Although the guidelines 
for tPA administration in patients with 
basilar artery occlusion still limit IV 
therapy to 4.5 hours of stroke onset,26 
thrombectomy of the basilar artery 
has been performed successfully as 
much as 24 hours following onset of 
symptoms.73 Nevertheless, outcomes 
are independently associated with time 
to treatment, and swift initiation of 
IAT for eligible patients is necessary 
to ensure the best treatment effect.74 
Particularly of note, all of the recent 
endovascular trials did not include any 
patients with vertebrobasilar occlusions. 
More research into the intra-arterial 
treatment of these patients is therefore 
necessary, as potential benefit has been 
highly suggested by nonrandomized 
and anecdotal experience. 

Summary and Conclusions
Acute stroke therapy requires efficient 

and streamlined care to deliver early 
treatment to patients and maximize 
outcomes. With each passing hour, 
ischemic tissue is further damaged 
and the risk of permanent physical 
dependence rises. The current time 
windows for effective treatment have 
been defined as 4.5 hours for IV throm-
bolysis and 6 hours for IAT in eligible 
patients with LVO of the anterior cir-
culation.7,26 The optimal time window 
for endovascular therapy in patients 
with basilar artery occlusion remains 
uncertain because of a lack of random-
ized data. Nevertheless, it is suggested 
that these patients may be treated 12 or 
more hours after symptom onset due 
to the poor prognosis associated with 

untreated basilar occlusions.72 The use 
of advanced neuroimaging may be able 
to select patients for endovascular inter-
vention outside of conventional time 
windows if a large area of salvageable 
brain tissue can be demonstrated; how-
ever, such practice is still experimental 
and the subject of multiple ongoing 
clinical trials. 

The ultimate goal of stroke therapy 
is to recanalize the affected vessel, as 
higher rates of successful revasculariza-
tion are linked to improvements in dis-
ability, whether the treatment is through 
IV thrombolysis or IAT. Although 
IV-tPA remains the mainstay of therapy 
for acute ischemic stroke, there are still 
many patients with LVOs and resultant 
severe stroke syndromes who are refrac-
tory to IV thrombolysis. Clot extraction 
using stent-retriever devices is now the 
standard of care to treat such patients, 
and offers highly effective therapy in 
terms of improving disability from 
stroke. If a patient with a suspected 
acute LVO is being treated in a hospital 
without endovascular capabilities, an 
immediate transfer should occur to 
transport the patient to a CSC for fur-
ther evaluation. In these cases, IV-tPA 
should be used as a bridging therapy for 
those patients subsequently planned for 
IAT, as long as no exclusionary criteria 
to fibrinolysis are present. 

The profoundly positive results from 
the five endovascular trials published in 
2015 mark an extremely encouraging 
year in the history of stroke care. Future 
work needs to be continued to further 
narrow times to treatment, increase 
revascularization rates, and expand the 
proportion of patients who are candi-
dates for therapy. 
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CME Questions
1. Which of the following is not an 

exclusion criterion for the use of 
IV-tPA in acute stroke?
A. Recent head trauma
B. Infective endocarditis
C. > 3 hours from symptom onset
D. Intracranial neoplasm

2. Which of the following consistently 
contributes to the largest delays to 
acute stroke treatment?
A. Patient failure to activate the 911 

emergency response system
B. Awaiting coagulation study 

results from the laboratory
C. Acquiring CT angiography 

images
D. Mixing tPA for administration

3. Which of the following is not a 
potential exclusion criterion for 
extending the window for IV 
thrombolysis from 3 to 4.5 hours?
A. Any anticoagulant use, regardless 

of INR
B. Previous stroke 6 months before 

presentation in a nondiabetic 
patient

C. Age greater than 80 years
D. National Institutes of Health 

Stroke Scale score > 25
4. Which of the following is not a 

benefit of intra-arterial therapy over 
IV thrombolysis in clinical practice?
A. Higher rates of recanalization of 

proximal arterial occlusions 
B. Longer therapeutic time 

windows
C. Fewer contraindications based on 

the potential risk of hemorrhage
D. Better for recanalizing small, 

distal emboli
5. Which of the following is a reason 

that revascularization procedures 
for acute basilar occlusion may 
potentially be performed after 6 
hours from stroke onset?
A. Basilar occlusions are very 

common.
B. The natural history of untreated 

basilar occlusions is extremely 
poor.

C. Randomized trials shows that 
mechanical thrombectomy is 
more successful in the posterior 
circulation.

D. Patient outcomes are better 
if treatment is offered at later 
timepoints.
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