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A 62-year-old, right-handed, independently functioning man presents 1 hour after a 
sudden, witnessed onset of speech difficulty and right-sided numbness and weak-
ness. He is alert with moderate aphasia, facial weakness on the right side, and weak-
ness in the right arm and leg with decreased sensation to light touch. His blood 
pressure is 160/95 mm Hg, plasma glucose level 79 mg per deciliter (4.4 mmol per 
liter), and body temperature 37.2°C. His medical history is unremarkable, and he is 
taking no medications. Noncontrast computed tomography (CT) of the head shows 
slight hypodensity in the left insular cortex (Fig. 1A). What would you do?

The Clinic a l Problem

Each year in the United States, approximately 700,000 people have 
an acute ischemic stroke.1 Before modern treatments, early mortality was 10%.2 
Among survivors, one half had moderate-to-severe neurologic deficits, and 

a quarter were dependent on others.3 The introduction of intravenous alteplase 
in 1995 led to substantial improvement in outcomes.4 More recently, effective 
mechanical thrombectomy has radically altered initial management in many pa-
tients.5 Understanding treatment options for acute ischemic stroke is important to 
ensure prompt administration of appropriate care or referral.

S tr ategies a nd E v idence

Treatment for patients with acute ischemic stroke is guided by the time from the 
onset of stroke, the severity of neurologic deficit, and findings on neuroimaging. 
By convention, the time of stroke onset is established as the time that the patient 
was last known to be well (i.e., in normal or baseline state, as confirmed by 
medical history). For persons who awake with stroke, this time will be sometime 
before they went to sleep. The severity of neurologic deficit is measured by means 
of the National Institutes of Health Stroke Scale (NIHSS), on which scores range 
from 0 to 42, with lower numbers indicating milder deficits.6 Deficit severity is 
further characterized as nondisabling or disabling if it would prevent performance 
of basic activities of daily living or return to work.

Initial Evaluation and Imaging

Rapid onset of neurologic deficits localized to a single cerebral arterial vascular 
territory is the archetypal clinical presentation of acute ischemic stroke. The blood 
glucose level should be measured routinely to exclude hypoglycemia. Brain imaging 
is necessary to rule out intracerebral hemorrhage; noncontrast CT is preferred be-
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cause of its availability, rapidity, and high sensi-
tivity. Magnetic resonance imaging (MRI) with 
special sequences can also be used.5 In clini-
cally typical cases, a noncontrast CT that shows 
no other explanation for the neurologic deficit is 
sufficient to diagnose acute ischemic stroke on 
initial imaging; diffusion-weighted MRI is not 
necessary. Because the benefits of treatment for 
acute stroke are time-sensitive, initial diagnos-
tic imaging should be performed quickly.

Further neuroimaging may be required to 
determine eligibility for some interventions. Non-
contrast CT is used to determine the Alberta 
Stroke Program Early Computed Tomography 
Score (ASPECTS; scores range from 0 to 10 on 
the basis of ischemic changes in the territory of 
the middle cerebral artery, with 0 indicating the 
most extensive ischemic changes).7 Diffusion-
weighted MRI and perfusion CT measurements 
are used to define ischemic brain tissue that is 
probably irreversibly damaged (“core”). Delayed 
arrival of contrast, as shown on perfusion MRI 
or perfusion CT, is used to define ischemic tis-
sue that is potentially salvageable (“penumbra”). 
MR angiography (MRA) and CT angiography 
(CTA) show the location of intracranial arterial 
occlusions (Fig. 1B).8,9 In patients with renal in-
sufficiency, time-of-flight MRA (which does not 
use contrast) can be used to identify arterial oc-
clusions and inform therapeutic decisions.

Measurement of Response to Treatment

Clinical benefit is conventionally measured with 
the use of the modified Rankin scale, on which 

scores range from 0 (no symptoms) to 6 (death). 
A score of 1 indicates an ability to carry out all 
usual duties and activities despite symptoms. A 
score of 2 indicates an inability to carry out all 
normal activities but an ability to look after 
one’s own affairs without assistance.10

Treatment Options
Alteplase within 4.5 Hours after Stroke Onset

Randomized, controlled trials have shown that 
intravenous administration of alteplase (at a 
dose of 0.9 mg per kilogram of body weight over 
60 minutes [maximum total dose, 90 mg], with 
the first 10% of the dose given as a single bolus 
over 1 minute) within 4.5 hours after the onset 
of stroke reduces disability from acute ischemic 
stroke.11 Intravenous alteplase has shown benefit 
for patients with disabling stroke regardless of 
the NIHSS score; it is not recommended for 
those with nondisabling stroke and an NIHSS 
score of 0 to 5, for those with associated condi-
tions in which the bleeding risk is excessive, or 
for those with CT evidence of extensive irrevers-
ible injury. Intravenous alteplase is considered a 
first-line agent in eligible patients.5

Before the administration of alteplase, no 
neuroimaging other than initial diagnostic non-
contrast CT is necessary. Given the low preva-
lence of unsuspected coagulopathies, intravenous 
alteplase should be administered while the re-
sults of hematologic tests are pending if there is 
no reason to suspect an abnormality. On the 
basis of the National Institute of Neurological 
Disorders and Stroke (NINDS) trial protocol for 

Key Clinical Points

Acute Ischemic Stroke

•	 Treatment for patients with acute ischemic stroke is guided by the time from the onset of stroke, the 
severity of neurologic deficit, and findings on neuroimaging. By convention, the time of stroke onset  
is established as the time that the patient was last known to be well (i.e., in a normal or baseline state, 
as confirmed by medical history).

•	 Intravenous thrombolysis with alteplase (a recombinant tissue plasminogen activator) improves 
outcomes in selected patients with acute ischemic stroke when administered within 4.5 hours after 
onset. Later treatment may improve outcomes in selected patients, with the treatment window 
extended to 9 hours from onset.

•	 Intraarterial catheter-based mechanical thrombectomy of occluded large intracranial arteries improves 
outcomes in selected patients with acute ischemic stroke when performed up to 24 hours after onset.

•	 The benefit of alteplase and mechanical thrombectomy is time-dependent, so assessment and 
treatment should be instituted rapidly.

•	 In selected patients with mild acute ischemic stroke who do not qualify for intravenous thrombolysis or 
mechanical thrombectomy, dual antiplatelet therapy with clopidogrel and aspirin when administered 
within 24 hours after onset and continuedfor 21 days lowers the risk of recurrent stroke.
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the use of tissue plasminogen activator,4 the blood 
pressure must be lower than 185/110 mm Hg 
before and during infusion and lower than 
180/105 mm Hg for at least the first 24 hours 
afterward. Patients who have received intrave-
nous alteplase are admitted to an intensive care 

unit or specialized stroke unit for close neuro-
logic monitoring and blood-pressure control, if 
necessary.

The benefit of intravenous alteplase is time-
dependent. In a meta-analysis of nine random-
ized, controlled trials,11 32.9% of the patients in 

Figure 1. Neuroimaging from Patients with Acute Ischemic Stroke and Occlusion of the Left Middle Cerebral Artery.

Panel A shows a noncontrast computed tomographic (CT) scan of the head (transverse section) revealing slight hypo-
density in the left insular cortex (arrow). Panel B shows a CT angiogram (transverse section) revealing an occlusion of 
the first segment of the left middle cerebral artery (arrow). Panel C shows a cerebral arteriogram (anterior projection) 
revealing an occlusion of the first segment of the middle cerebral artery before mechanical thrombectomy (arrow). 
Panel D shows a cerebral arteriogram (anterior projection) revealing recanalization of the left middle cerebral artery 
after thrombectomy (arrows).
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the alteplase group, as compared with 23.1% of 
the patients in the control group, had a favorable 
3-month outcome (defined as a modified Rankin 
scale score of 0 or 1) when treatment was ad-
ministered within 3 hours after the onset of 
stroke (adjusted odds ratio, 1.75; 95% confi-
dence interval [CI], 1.35 to 2.27); the corre-
sponding rates were 35.3% and 30.1% when 
treatment was administered between 3 and 4.5 
hours after onset (adjusted odds ratio, 1.26; 95% 
CI, 1.05 to 1.51). Large intracerebral hemorrhage 
occurred in 6.8% of the patients in the alteplase 
group and in 1.3% of those in the control group. 
The overall outcomes, as assessed by the modi-
fied Rankin scale, among the patients in the 
alteplase group reflected the deleterious effects 
of hemorrhage along with the beneficial effect 
on ischemic stroke recovery.

Alteplase at More Than 4.5 Hours after Stroke Onset
In the WAKE-UP (Efficacy and Safety of MRI-
based Thrombolysis in Wake-Up Stroke) trial, 
503 patients with a time of onset of disabling 
acute ischemic stroke that was unclear, but 
greater than 4.5 hours from the time last known 
to be well (94% of whom awoke with stroke), 
were randomly assigned to receive intravenous 
alteplase at a standard dose or placebo adminis-
tered within 4.5 hours after the recognition of 
stroke symptoms.12 Patients were eligible if they 
had an abnormal signal on diffusion-weighted 
MRI, no visible signal change on fluid-attenuated 
inversion recovery imaging, a lesion on diffusion-
weighted MRI that was not larger than one third 
of the territory of the middle cerebral artery, an 
NIHSS score of 25 or lower, and no planned 
thrombectomy. More participants in the alteplase 
group than in the placebo group attained the 
primary end point of a modified Rankin scale 
score of 0 or 1 at 90 days (53% vs. 42%; adjusted 
odds ratio, 1.61; 95% CI, 1.09 to 2.36).

Data from randomized, controlled trials that 
used imaging eligibility criteria support a bene-
fit of late administration of intravenous alteplase 
(4.5 to 9.0 hours after the onset of stroke or 
measured from the mid-point of sleep). In a 
pooled analysis of patients with a penumbra-to-
core ratio of greater than 1.2 and a core volume 
of less than 70 ml (as shown on perfusion CT or 
diffusion-weighted MRI with perfusion MRI), a 
greater percentage of those in the alteplase group 
than in the control group had a good outcome 

(defined as a modified Rankin scale score of 
0 or 1) at 90 days (36% vs. 29%; adjusted odds 
ratio, 1.86; 95% CI, 1.15 to 2.99).13 Enrolled pa-
tients had much larger penumbra-to-core ratios 
and lower core volumes than the limits set by 
eligibility criteria (a mean penumbra volume of 
63.9 ml and a mean core volume of 8.0 ml in the 
alteplase group). In health care settings where 
mechanical thrombectomy is not available, pa-
tients who are within the treatment window of 
4.5 to 9.0 hours can be considered for intrave-
nous alteplase on the basis of the characteristics 
of the patients enrolled in these trials. However, 
mechanical thrombectomy is preferred when 
available.

Mechanical Thrombectomy within 6 Hours  
after Stoke Onset
Mechanical thrombectomy entails passing an 
intraarterial catheter from a peripheral puncture 
into an intracranial artery and removing an oc-
cluding thrombus by ensnaring it or by suction 
(Fig. 1C and 1D). Mechanical thrombectomy, per-
formed within 6 hours after the onset of stroke, 
is another first-line treatment for selected pa-
tients on the basis of multiple randomized, con-
trolled trials that have shown a benefit. These 
trials primarily enrolled patients 18 years of age 
or older who had a prestroke score of 0 or 1 on 
the modified Rankin scale, a causative occlusion 
of the intracranial internal carotid artery or the 
first segment of the middle cerebral artery, an 
NIHSS score of 6 or higher, and an ASPECTS 
value of 6 or higher, in whom treatment was 
initiated (groin puncture) within 6 hours after 
onset.5 MRA or CTA is necessary to show intra-
cranial large-vessel occlusion. Two randomized, 
controlled trials that used only these neuroimag-
ing methods showed a benefit of mechanical 
thrombectomy.14,15 Although other trials used 
diffusion-weighted MRI, perfusion MRI, or per-
fusion CT to determine eligibility, such testing is 
not required and could lead to the exclusion of 
patients who might benefit from treatment.

Pooled data from five randomized, controlled 
trials showed that the percentage of patients who 
had a modified Rankin scale score of 0 to 2 at 
90 days was higher among those who underwent 
stent-retriever mechanical thrombectomy than 
among those who did not (46.0% vs. 26.5%; 
adjusted odds ratio, 2.49; 95% CI, 1.76 to 3.53).16 
In both groups, 85% of the patients received 
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intravenous alteplase. Mechanical thrombectomy 
can also be performed alone in patients who are 
ineligible for intravenous alteplase because of the 
risk of bleeding. As with alteplase, the benefit of 
mechanical thrombectomy is time-dependent.17

These trials included few patients who had a 
causative occlusion of an intracranial artery 
other than the internal carotid artery or the first 
segment of the middle cerebral artery, a pre-
stroke score of more than 1 on the modified 
Rankin scale, an ASPECTS value of lower than 6, 
or an NIHSS score of lower than 6; therefore, the 
benefits of mechanical thrombectomy are uncer-
tain for these patients, but the procedure may be 
reasonable if performed within 6 hours after 
onset. Direct aspiration as a first approach for 
thrombectomy has been shown to be noninferior 
to stent retrievers.18 Mechanical thrombectomy 
should be performed by qualified neurointerven-
tionalists with comprehensive periprocedural care 
teams in specialized centers where cerebral an-
giography can be performed rapidly.

A randomized, controlled noninferiority trial 
that compared mechanical thrombectomy alone 
with the combination of intravenous alteplase 
and mechanical thrombectomy in patients eligi-
ble for both interventions met its large prespeci-
fied noninferiority margin (the modified Rankin 
scale score with thrombectomy alone at 90 days 
was less than 20% worse than that with com-
bined therapy); the adjusted odds ratio was 1.07 
(95% CI, 0.81 to 1.40).19 This trial was carried 
out at centers where mechanical thrombectomy 
is performed, and the median delay from start-
ing treatment with alteplase to groin puncture 
was 30 minutes; thus, the trial did not address 
the common scenario of initiating alteplase treat-
ment locally, followed by transfer to another site 
for thrombectomy. Furthermore, all the partici-
pants had CTA documentation of intracranial 
large-vessel occlusion at randomization, whereas 
alteplase is often administered before CTA is 
performed. Current guidelines recommend that 
patients who are eligible for alteplase receive it 
even if mechanical thrombectomy is still under 
consideration.5 It is prudent to continue this 
practice until further data are available.

Mechanical Thrombectomy at More Than 6 Hours 
after Stroke Onset
Two randomized, controlled trials have shown a 
benefit of mechanical thrombectomy performed 

at more than 6 hours after the onset of stroke in 
patients with an occlusion of the intracranial 
internal carotid artery or the first segment of the 
middle cerebral artery. The DAWN (Clinical Mis-
match in the Triage of Wake Up and Late Pre-
senting Strokes Undergoing Neurointervention 
with Trevo) trial used the combination of an 
NIHSS score of 10 or higher and findings on 
perfusion CT or diffusion-weighted MRI with 
perfusion MRI to select patients who had an 
onset of stroke 6 to 24 hours earlier.8 The per-
centage of patients with a score of 0 to 2 on the 
modified Rankin scale at 90 days was signifi-
cantly higher among those who underwent me-
chanical thrombectomy than among those who 
did not (49% vs. 13%; adjusted difference, 33%; 
95% CI, 21 to 44). The DEFUSE (Diffusion and 
Perfusion Imaging Evaluation for Understanding 
Stroke Evolution) 3 trial included patients who 
had an onset of stroke 6 to 16 hours earlier and 
had a large mismatch between the volume of the 
core and the volume of the penumbra and a 
maximum core size as determined by means of 
perfusion CT or diffusion-weighted MRI with 
perfusion MRI and an NIHSS score of 6 or 
higher.9 The percentage of patients with a score 
of 0 to 2 on the modified Rankin scale at 90 days 
was significantly higher among those who under-
went mechanical thrombectomy than among 
those who did not (45% vs. 17%; relative risk, 
2.67; 95% CI, 1.60 to 4.48).

There are limited data to guide blood-pressure 
management in patients who undergo mechan-
ical thrombectomy. Most patients who were en-
rolled in randomized, controlled trials within 
6 hours after the onset of stroke received intra-
venous alteplase. The protocols of those trials 
stipulated that a blood pressure of 180/105 or 
lower be maintained in the patient during me-
chanical thrombectomy and for 24 hours after 
the procedure, and most of the trials excluded 
patients who had a blood pressure of higher than 
185/110 mm Hg. The most appropriate blood-
pressure management in patients not receiving 
alteplase is not known, but it is reasonable to 
maintain a blood pressure of 180/105 mm Hg or 
lower during the procedure and for 24 hours 
after the procedure.5

Tenecteplase
Tenecteplase is a tissue plasminogen activator 
that is modified to be more fibrin-specific and 
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