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Transient Ischemic Attack
Pierre Amarenco, M.D.
This Journal feature begins with a case vignette highlighting a common clinical problem. Evidence supporting various strategies is then presented, followed by a review of formal guidelines, when they exist. The
article ends with the author’s clinical recommendations.

A 54-year-old man presents 2 hours after sudden weakness in his left arm prevented
him from turning the steering wheel while driving. His symptoms lasted for 30 minutes. He has hypertension and hyperlipidemia, for which he takes an angiotensinreceptor blocker and a statin, and he is a smoker with a 30 pack-year history. On examination, the blood pressure is 156/96 mm Hg. How should this patient be further
evaluated and treated?

A

The Cl inic a l Probl em

pproximately 20 to 25% of ischemic strokes are heralded by
transient ischemic symptoms1 (Table 1). These symptoms usually last for
seconds or minutes and typically last less than 1 hour.2 An older, timebased definition of transient ischemic attack (TIA) (based on symptoms lasting
<24 hours) has been revised owing to the identification of an infarct on brain
imaging in many patients with symptoms that last more than 10 minutes and
given that many patients who arrive at the hospital within 6 hours after the onset
of symptoms are considered for urgent revascularization. The new definition of
TIA is now “tissue-based.” An ischemic lesion is not visible on brain imaging in a
patient with TIA,3-5 and a patient with transient symptoms who has even a tiny
ischemic brain lesion on imaging is considered to have had a minor ischemic
stroke.3-5 Since TIA and minor ischemic stroke generally have the same clinical
manifestations (except for neuroimaging findings) and management, they are
clinically considered together.4-6
Symptoms of a TIA, if recognized as such, provide a critical opportunity to
quickly find and treat the cause in order to prevent a devastating stroke.2,7 Without
treatment, the risk of stroke is as high as 20% at 3 months, and most of this risk
occurs within the first 10 days, particularly within the first 2 days.8-10 Observational data indicate that prompt clinical diagnosis and immediate preventive measures are associated with a decrease of up to 80% in the 3-month risk of stroke.11,12
The multinational TIAregistry.org project10,13 collected data from TIA clinics in
Europe, Asia, and Latin America, where patients with suspected TIA or minor
stroke were rapidly triaged, evaluated, and treated. This project reported a 3-month
risk of stroke of approximately 5%, but the risk was front-loaded during the early
days after the TIA. Urgent evaluation of these patients14,15 is best performed in a
TIA clinic10 with round-the-clock access or in an emergency department, depending on local practices.
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Key Clinical Points

Transient Ischemic Attack
•
•
•
•
•

Cerebral or retinal symptoms consistent with transient ischemic attack (TIA) usually last for seconds
or minutes and typically last less than 1 hour.
A suspected TIA should be evaluated urgently in a TIA clinic or in an emergency department where
appropriate specialist expertise and imaging are available.
Diffusion-weighted imaging of the head is now the preferred test for patients with a suspected TIA and
should be performed immediately.
If possible, immediately after the onset of symptoms, the patient should take aspirin at a dose of 300 mg,
followed by 75 to 100 mg daily; clopidogrel should be added to aspirin during the first 21 days after the
TIA (at a 300-mg loading dose, followed by 75 mg per day).
The long-term prevention of stroke after TIA typically includes antiplatelet or anticoagulant treatment
(depending on etiologic findings), blood-pressure lowering, lipid lowering, glycemic control, smoking
cessation, and counseling regarding diet and lifestyle. Carotid endarterectomy should be performed if
appropriate.

S t r ategie s a nd E v idence
Clinical Presentation and Differential
Diagnosis

Transient symptoms can be motor (in the frontal
lobe or pyramidal tract), sensory (in the parietal
area), or visual (monocular [transient monocular
blindness] with retinal ischemia or binocular
[e.g., hemianopia due to intracerebral visual
tract or parietal, temporal, or occipital involvement]), or they can involve speech disturbance
(aphasia or dysarthria). Other types of transient
symptoms (e.g., vertigo, diplopia, dizziness, unsteady gait, or amnesia) can also occur with
transient ischemic brain injury, although uncommonly, the occurrence of these symptoms or signs
in isolation is explained by ischemia (Table 1).16,17
Several other conditions (termed “TIA mimics”) may alternatively explain transient neurologic symptoms. Most common among these are
migraine aura, peripheral vertigo, epilepsy (e.g.,
parietal-lobe epilepsy), hypoglycemia, transient
global amnesia, and postural hypotension. Transient neurologic symptoms may also occur in
patients who have myasthenia, cervical arthrosis, peripheral-nerve injury, multiple sclerosis,
or hypokalemia, and, rarely, in those who have
cerebral amyloid angiopathy, subdural hematoma,
or subarachnoid or brain hemorrhage.
Neuroimaging

Immediate diffusion-weighted imaging assessed
with magnetic resonance imaging (MRI) is the
current preferred test for patients with a suspected TIA,4,14 since its sensitivity in detecting
brain ischemia is much higher than that with
1934
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computed tomography (CT). In up to 50% of
patients with suspected TIA, a bright spot on
diffusion-weighted imaging18 indicates ischemia
(Fig. 1); this finding is particularly useful when
the transient symptoms are of borderline significance or when the symptoms are atypical
(Table 1).17,19,20 Although CT of the head generally cannot be used to diagnose ischemia, when
diffusion-weighted imaging is not available, CT
should be performed to rule out another cause
of the symptoms.14
If diffusion-weighted imaging is negative and
there is a strong clinical suspicion of TIA, perfusion-weighted imaging may be performed during the same MRI examination; in 30% of cases,
a focal perfusion deficit is identified in the brain
area corresponding to the symptoms.21,22 Arterial
spin labeling MRI (which involves simply adding
another sequence to the MRI) may increase the
yield of perfusion-weighted imaging for the detection of acute ischemic lesions.23
Other Evaluations

The causes of TIA or minor ischemic stroke are
similar to those of all ischemic strokes. If the
knowledge of intracranial steno-occlusive disease
would alter management, the extracranial and
intracranial arteries should be routinely assessed
with the use of noninvasive imaging (carotidartery ultrasonography, CT angiography, or magnetic resonance angiography) of the cervical
vessels and of the intracranial vasculature to
diagnose a proximal intracranial stenosis, occlusion, or both.4,14 Additional evaluations should
include electrocardiography (ECG), inpatient
nejm.org
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Table 1. Common Symptoms Suggestive of TIA.*
Definite TIA
Focal cerebral or retinal symptoms lasting for seconds or minutes and typically lasting <1 hr
Motor weakness in two limbs or in one limb and the face
Sensory deficit in two limbs or in one limb and the face
Visual-field defect (homonymous hemianopia) or monocular blindness
Aphasia or dysarthria
Possible TIA†
Unsteady gait
Diplopia
Vertigo, dizziness
Dysphagia
Usually not a TIA‡
Amnesia
Confusion
Incoordination of limbs
Partial sensory deficit (abnormal sensation or deficit in one limb or only in the face)
Unusual cortical visual symptoms (lone bilateral blindness and bilateral positive visual phenomena)§
Transient loss of consciousness
Headache
Phosphenes, photopsias, complex visual hallucinations, and palinopsia
* TIA denotes transient ischemic attack.
† When combined, at least two of these symptoms suggest definite TIA; when isolated, they suggest possible TIA.
‡ “Bizarre spells” or isolated atypical symptoms are nonfocal or not clearly focal transient neurologic events for which
the type of onset, topography, and course of symptoms do not fulfill the criteria for definite or possible TIA or another
definite or possible neurologic syndrome (e.g., epilepsy or migraine).
§ Brief positive visual phenomena affecting one or both eyes or one hemifield are often described as flashes of light,
stars, colored spots, or swirls of light. Transient positive visual phenomena involving both eyes include a variety of
symptoms such as distortion, tilt of images, trails of images, and formed or unformed visual hallucinations.

A

B

C

Figure 1. Neuroimaging Evaluation.
An axial section of a diffusion-weighted image of the brain shows multiple bright spots in the cortical territory of
the right middle cerebral artery. Panel A shows two small brain infarctions (arrows), Panel B shows one small infarct
(arrow), and Panel C shows one small infarct (arrow).
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monitoring of the cardiac rhythm, and laboratory
testing as clinically indicated (e.g., measurement
of the C-reactive protein level and erythrocyte
sedimentation rate in patients with findings
such as headache or transient monocular blindness that are suggestive of giant-cell arteritis)
(Fig. 2; and Table S1 in the Supplementary Appendix, available with the full text of this article
at NEJM.org).
In patients in whom the origin of the TIA is
unclear after initial brain imaging and ECG,
further evaluation may include prolonged cardiac
monitoring (Holter monitoring or the use of an
implantable cardiac monitoring device).4 Contrast transthoracic and transesophageal echocardiography to detect cardiac structural abnormalities such as patent foramen ovale, atrial
thrombus, and valvular disease or atherosclerosis of the aortic arch as a source of cerebral
embolism24-26 may be performed if these findings will alter management.4 Other tests may be
performed in selected cases (e.g., to detect a
JAK2 mutation in a patient with suspected polycythemia vera).
Treatment to prevent a recurrent, potentially
more severe ischemic event is the main initial
goal and is guided by an assessment of the risk
of such an event on the basis of the initial evaluation. The score on the ABCD2 scale (calculated
on the basis of age, blood pressure, the presence
of clinical weakness or speech disturbance, the
duration of symptoms, and the presence or
absence of diabetes) is used to predict the risk
of stroke. ABCD2 scores range from 0 to 7, with
higher scores indicating a greater risk of stroke
(Table S2).27 The ABCD2-I score is a refined score
that also includes findings on diffusion-weighted
imaging of the brain. This score has been shown
to improve risk prediction over the ABCD2 score
alone.28 In one study, among 3206 patients in
whom TIA or minor ischemic stroke was evaluated with the use of an ABCD2 score and imaging, the 7-day risk of stroke was 7.1%, as compared with 0.4% among those who had positive
findings on diffusion-weighted imaging.29 The
addition of carotid-artery stenosis of at least 50%
or “dual” TIA (TIA prompting medical attention
plus at least one TIA in the preceding 7 days)
also improved the performance of the ABCD3-I
score.30
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Figure 2 (facing page). Diagnosis, Evaluation, and Treatment
of Transient Ischemic Attack and Minor Ischemic Stroke.
The score on the ABCD2 scale is calculated on the basis
of age, blood pressure, the presence of clinical weakness
or speech disturbance, the duration of symptoms, and
the presence or absence of diabetes. “Bizarre spells”
are nonfocal or not clearly focal transient neurologic
events for which the type of onset, topography, and
course of symptoms do not fulfill the criteria for definite
or possible TIA or another definite or possible neurologic syndrome such as epilepsy or migraine. Fazekas
scores range from 0 (no leukoariosis) to III (confluent
leukoariosis). After the first-line evaluation, a secondline evaluation can be performed on an outpatient basis
and may include more precise vascular imaging (e.g.,
high-resolution magnetic resonance imaging [MRI] of
the cerebral artery, catheter-guided angiography of cerebral arteries, tests to detect arteritis, or lumbar puncture), further cardiac tests (e.g., 3-week Holter electrocardiography [ECG], the use of an implantable cardiac
monitoring device, or transesophageal echocardiography), and tests to determine rare causes of the symptoms (e.g., alpha-galactosidase A deficiency, JAK2 mutation, and antiphospholipid antibodies). To convert
values for low-density lipoprotein (LDL) cholesterol to
millimoles per liter, multiply by 0.02586. CRP denotes
C-reactive protein, CT computed tomography, CTA CT
angiography, DWI diffusion-weighted imaging, ECAS
extracranial carotid-artery stenosis, ESR erythrocyte
sedimentation rate, FLAIR fluid-attenuated inversion
recovery, GRE gradient echo, ICAO internal carotid-
artery origin, ICAS intracranial carotid-artery stenosis,
LVEF left ventricular ejection fraction, MRA magnetic
resonance angiography, SVD small-vessel disease, SWI
susceptibility-weighted imaging, TEE transesophageal
echocardiography, and TTE transthoracic echocardi
ography.

The ABCD2 score was previously recommended for use in triage. For example, previous National Institute for Health and Care Excellence
(NICE) guidelines called for immediate hospitalization of patients with an ABCD2 score of 4 or
higher but allowed up to 8 days for evaluation in
patients with scores lower than 4, provided that
aspirin was immediately initiated.6 However,
subsequent data have called this strategy into
question. In some studies involving large cohorts of patients presenting with TIA, serious
findings on evaluation (e.g., clinically significant extracranial-artery stenosis, intracranialartery stenosis, or atrial fibrillation) were detected in 20% of those with an ABCD2 score
lower than 4, and the 3-month risk of stroke
among these patients was similar to that among
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Diagnosis of TIA
Patient has had transient neurologic
symptoms with no persisting deficit
Patient seeks medical attention and
self-administers aspirin (300 mg)
Refer urgently to TIA clinic
(if available) or evaluation with specialist
in emergency department
Give loading dose of aspirin
(300 mg) if not already done

First clinical evaluation
Take history and perform physical
examination
Determine ABCD2 score (optional)
Perform 12-lead ECG and telemetry or
Holter ECG
Determine laboratory values for CRP and ESR

MRI and DWI of the brain on
arrival if available
(or a default head CT)

DWI is positive: brain infarction or
infarctions, indicated by bright white
spot or spots
Possible diagnosis of minor ischemic stroke

DWI is normal: TIA

TIA mimics: migraine attack, bizarre spells,
epileptic seizure, benign positional
paroxysmal vertigo, transient global
amnesia, anxiety, or panic attack

TIA or minor ischemic stroke

Give loading dose of clopidogrel (300 mg)

First-Line Evaluation
Vascular imaging
Cervical or transcranial Doppler
ultrasonography
Head and neck CTA or MRA

Cardiac evaluation
Telemetry or Holter ECG
Contrast TTE

Tests to detect SVD
MRI of the brain
FLAIR imaging
GRE imaging or SWI
Time-of-flight MRA

Findings
ICAO stenosis >50% → consider
endarterectomy, stenting, or both
ICAS or ECAS <50%
No atherosclerosis
Neck or cerebral-artery dissection

Atrial fibrillation → oral anticoagulation
(consider other major cardiac source
of embolism, such as mitral stenosis,
left ventricular thrombosis, endocarditis,
or LVEF <35%)
Moderate or minor cardiac source of
embolism (e.g., LVEF ≥35%, isolated
patent foramen ovale, atrial septal
aneurysm, mitral-valve prolapse or strands)
No cardiac disease

Definite SVD
One or several small deep infarcts
Confluent leukoaraiosis (Fazekas III)
≥3 Microbleeds
Enlarged perivascular spaces
Possible SVD
One isolated deep-brain infarct
Fully normal brain parenchyma
Mild leukoaraiosis (Fazekas I or II)
<3 Microbleeds

Treatment
All discharged with best medical therapy

Clopidogrel (75 mg) plus aspirin (75 mg/day for the first 21 days)
followed by aspirin (75 mg) or clopidogrel (75 mg/day) to 90 days or
anticoagulation in case of major cardiac source of embolism
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Blood pressure <140/90 mm Hg or <130/80 in patients with
diabetes and SVD; LDL cholesterol <70 mg/dl if atherosclerosis;
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patients with a score of 4 or higher.10,31,32 In one
of these cohorts (in the TIAregistry.org project
study), the strongest predictors of a new vascular
event were carotid stenosis, atrial fibrillation,
multiple ischemic spots on diffusion-weighted
imaging, and an ABCD2 score of 6 or 7.10 Hence,
when a patient is evaluated urgently, the scoring
system is not relevant, since treatment decisions
are based on etiologic findings. NICE guidelines
that were updated in 2019 no longer recommend
the clinical use of scoring systems such as
ABCD2 for triage,33 although scores remain useful in research (e.g., for the selection of patients
at high risk in a randomized, controlled trial)
and in areas where urgent evaluation that includes specialist input is not readily available,
since no useful blood biomarker has been validated for TIA.

T r e atmen t
Antiplatelet Therapy

In patients with noncardioembolic ischemic
stroke, aspirin is the most effective treatment to
reduce the risk of recurrent stroke during the
first 90 days, and it is the only antiplatelet treatment that has been shown to reduce the risk of
recurrent disabling ischemic stroke (i.e., ische
mic stroke in patients with a score on the
modified Rankin scale of 2 or more (scores
range from 0 [no symptoms] to 6 [death]) during
that period.34 However, beyond 3 months, the
efficacy of aspirin has been less clear.34 On the
basis of clinical trials that have shown effectiveness, a loading dose of aspirin (300 mg orally)
should be administered as soon as possible after
TIA symptoms,5 before admission or on arrival
for urgent care. The patient should be encouraged to take aspirin immediately at home if possible.34 Aspirin should then be continued at a
dose of 75 to 100 mg per day for 90 days.5
Two trials have shown that dual antiplatelet
treatment (a loading dose of 300 mg of clopidogrel plus 300 mg of aspirin, followed by a maintenance dose of 75 mg of clopidogrel and 75 mg
of aspirin during the first 21 or 90 days after
TIA or minor ischemic stroke) reduced the risk
of stroke by 25%, as compared with aspirin
alone. There was a 3.5-percentage-point and
1.5-percentage-point absolute reduction in the
risk of stroke and a 0-percentage-point and
0.5-percentage-point absolute excess of major
1938

n engl j med 382;20

of

m e dic i n e

hemorrhage in the two trials, respectively.35-37
Post hoc analyses of these trials showed that the
benefit of the combination treatment was seen
during the first 21 days, without a significant
increase in major hemorrhage complications.37,38
Previous trials have shown that anticoagulant
treatment was not superior to aspirin in patients
with noncardioembolic TIA or stroke. If atrial
fibrillation is detected after the TIA, oral anticoagulant treatment should be initiated without
delay.
Treatment of Associated Risk Factors

In patients with TIA, long-term treatment involves blood pressure–lowering and lipid-lowering therapy4,39 and control of diabetes. Smoking
cessation and lifestyle changes are also recommended. It is reasonable to target blood pressure
to less than 140/90 mm Hg; a target below
130/80 mm Hg is appropriate for patients with
lacunar stroke or diabetes5 and is appropriate
more generally if the patient can achieve these
levels without adverse effects. Randomized trials
involving patients with recent ischemic stroke or
TIA have shown significant decreases in the risk
of stroke and overall cardiovascular events with
high-dose statins39 or those specifically targeting a low-density lipoprotein (LDL) cholesterol
level of less than 70 mg per deciliter (1.8 mmol
per liter).40 Thus, intensive statin therapy is recommended when an atherosclerotic origin of the
TIA is presumed, regardless of the baseline LDL
cholesterol level.5
All patients should be screened and treated
for diabetes mellitus and should receive counseling regarding lifestyle (e.g., diet, weight loss,
smoking cessation, and the importance of three
to four exercise sessions per week).5 Screening
for sleep apnea is also recommended.5
Carotid endarterectomy or stenting should be
considered in patients in whom the underlying
cause of TIA is ipsilateral internal-carotid-artery
stenosis of 50% or more.5 Stenting of intracranial stenosis is not usually recommended.5
TIA Evaluation

TIA can be a challenging diagnosis even for experienced vascular neurologists, and careful and
rapid evaluation is needed even for atypical symptoms, given the potentially catastrophic risks of
a missed diagnosis.7,11,41,42 On the basis of observational data showing associated decreases in
nejm.org
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the 3-month risk of stroke and length of stay
and cost, as well as improved patient satisfaction,11,12,43 TIA clinics with round-the-clock evaluation have been promoted and developed as an
addition to many comprehensive stroke centers,
particularly in Europe, Australia, and Canada.6,15,33,42 Alternatively, urgent evaluation can be
performed in emergency departments where
stroke expertise and imaging are readily available.

A r e a s of Uncer ta in t y
Without findings on neuroimaging, the diagnosis of TIA is often uncertain, particularly in patients with isolated, “bizarre,” or nonfocal symptoms (Table 1). (“Bizarre spells” or isolated atypical
symptoms are nonfocal or not clearly focal
transient neurologic events for which the type of
onset, topography, and course of symptoms do
not fulfill the criteria for definite or possible TIA
or another definite or possible neurologic syndrome such as epilepsy or migraine.) Research is
needed to identify blood biomarkers or new
neuroimaging techniques that might improve
the diagnosis.
TIA and minor ischemic stroke are both characterized by the absence of disability (score on
the modified Rankin scale, 0 or 1). Many ische
mic events that were previously considered to be
TIAs (according to the time-based definition)
are now considered to be “minor strokes” on the
basis of the presence of a bright spot or spots on
diffusion-weighted imaging (Fig. 1). This definition may complicate interpretation of the results
of clinical trials in which stroke outcomes include these events along with major strokes that
cause disability.
A meta-analysis of individual patient data34
from trials of antiplatelet therapy for secondary
prevention of TIA and minor ischemic stroke
showed a considerable early benefit (in the first
2 weeks) of aspirin (93% relative reduction in the
risk of early recurrent stroke). This finding supports a benefit of a loading dose (300 mg) of
oral aspirin as soon as possible after the first
TIA symptoms occur. If possible, patients should
take aspirin before they seek clinical care34
(Fig. 2), but this strategy has not been formally
evaluated.
Randomized trials are needed to determine
the best antithrombotic strategy for patients
with TIA (or minor ischemic stroke). Dual antin engl j med 382;20

platelet therapy of aspirin and clopidogrel for 21
days is considered by many experts to be the
standard of care,44 yet clopidogrel is less effective or not effective in patients who are carriers
of CYP2C19 loss-of-function alleles (as many as
20 to 40% of the population, depending on ethnic group),45 and screening for clopidogrel resistance has not been validated for clinical use.
Ongoing randomized trials involving patients
with previous TIA or stroke are assessing the
benefits and risks of ticagrelor, an alternative,
directly-acting antiplatelet agent that does not
need to be metabolized, in combination with aspirin, as compared with aspirin alone (ClinicalTrials.gov number, NCT03354429), triple antithrombotic strategies (a dual antiplatelet agent plus
a short-term oral anticoagulant) (NCT03766581),
and an intravenous tissue plasminogen activator
in patients with intracranial large-vessel occlusion (NCT02398656). Randomized trials have
shown a benefit of antiinflammatory agents in
decreasing the incidence of cardiovascular events
among patients with previous myocardial infarction46,47; colchicine is currently under study in patients who have had a TIA or stroke (NCT02898610).
There is uncertainty as to whether, beyond 90
days, lifelong treatment with aspirin is useful in
low-risk patients with TIA (i.e., those in whom
brain-tissue damage has not been detected on
diffusion-weighted imaging, with no documented stenosis in the ipsilateral cerebral artery, no
major cardiac source of embolism, no smallvessel disease, and an ABCD2 score of <4). Similarly, investigation is needed of the benefit of
aspirin beyond 90 days relative to bleeding risk
among patients with isolated diplopia, amnesia,
visual defect, vertigo, dizziness or gait instability,
dysarthria, or isolated aphasia or weakness in the
leg, arm, or both lasting less than 10 minutes.
Aggressive lowering of LDL cholesterol levels
(e.g., to <55 mg per deciliter [1.4 mmol per liter])
has been shown to reduce cardiovascular risks
after the acute coronary syndrome and ischemic
stroke.40,48-50 Studies to determine the role of this
strategy in patients with TIA are warranted.
The length of hospitalization for low-risk patients (e.g., those with an ABCD2 score of <4) is
uncertain. Whether these patients should be admitted for evaluation and treatment for less than
1 day, as reported by the SOS-TIA researchers,11 or
whether longer hospitalization for in-hospital
cardiac monitoring is required is unclear.
nejm.org
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Guidel ine s
The American Heart Association and the American Stroke Association (AHA–ASA),4 NICE,6,33 and
the European Stroke Organization51 have published guidelines for the evaluation and treatment of patients with TIA or minor ischemic
stroke. All the guidelines recommend that patients should be evaluated and receive treatment
as soon as possible and within 24 hours after
the onset of symptoms, although they do not
specify the setting (e.g., a TIA clinic or an emergency department). The 2019 update of the 2018
AHA–ASA guidelines44 recommends the use of
dual antiplatelet therapy in patients with TIA or
minor ischemic stroke during the first 21 days
after the onset of symptoms if there is no indication for oral anticoagulation (e.g., atrial fibrillation). The current recommendations are generally concordant with these guidelines.

C onclusions a nd
R ec om mendat ions
The patient described in the vignette presented
with symptoms consistent with a motor TIA.
Had I spoken with him by telephone before he
presented, I would have recommended that he
take 300 mg of aspirin if possible. In this case,
when he arrived at the TIA clinic without having
self-administered aspirin, I would have administered the aspirin as well as 300 mg of clopidoReferences
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grel. In a prompt assessment of diffusionweighted imaging on brain MRI, the finding of
a bright spot in the right hemisphere would
confirm ischemia. I would then prescribe clopidogrel at a dose of 75 mg plus aspirin at a dose
of 75 mg for 21 days, followed by long-term aspirin monotherapy (75 mg). If ipsilateral right
carotid stenosis were detected on imaging of the
extracranial and intracranial vasculature, I would
recommend prompt carotid endarterectomy. I
would also perform a cardiac evaluation including 3-week ECG monitoring to detect paroxysmal atrial fibrillation that would warrant longterm oral anticoagulation instead of antiplatelet
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Dr. Amarenco reports receiving grant support from Pfizer,
Merck, and Boston Scientific, grant support and fees for serving
on executive committees from AstraZeneca, fees for serving on an
executive committee and fees for serving on a steering committee from Bayer, fees for serving on a data and safety monitoring
board from Fibrogen, fees for serving on an end-point committee from GlaxoSmithKline, fees for serving on a data and safety
monitoring board from Shinpoong Pharma, advisory board fees
and lecture fees from Amgen, fees for serving on an executive
committee from Kowa, grant support and advisory board fees
from Sanofi, and grant support and fees for serving on a steering committee from Bristol-Myers Squibb. No other potential
conflict of interest relevant to this article was reported.
Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.

tional tool for neurologists. Stroke 2009;
40:2276-93.
5. Kernan WN, Ovbiagele B, Black HR,
et al. Guidelines for the prevention of
stroke in patients with stroke and transient ischemic attack: a guideline for
healthcare professionals from the American Heart Association/American Stroke
Association. Stroke 2014;45:2160-236.
6. National Institute for Health and Care
Excellence (NICE). Stroke and transient
ischaemic attack in over 16s: diagnosis
and initial management. Clinical guideline [CG68]. March 2017 (https://www
.nice.org.uk/g uidance/CG68.)
7. Johnston SC. Transient ischemic attack.
N Engl J Med 2002;347:1687-92.
8. Johnston SC, Gress DR, Browner WS,
Sidney S. Short-term prognosis after emergency department diagnosis of TIA. JAMA
2000;284:2901-6.
9. Lovett JK, Dennis MS, Sandercock PA,
Bamford J, Warlow CP, Rothwell PM. Very

n engl j med 382;20

nejm.org

early risk of stroke after a first transient
ischemic attack. Stroke 2003;34(8):e138e140.
10. Amarenco P, Lavallée PC, Labreuche J,
et al. One-year risk of stroke after transient ischemic attack or minor stroke.
N Engl J Med 2016;374:1533-42.
11. Lavallée PC, Meseguer E, Abboud H,
et al. A transient ischaemic attack clinic
with round-the-clock access (SOS-TIA):
feasibility and effects. Lancet Neurol
2007;6:953-60.
12. Rothwell PM, Giles MF, Chandratheva
A, et al. Effect of urgent treatment of transient ischaemic attack and minor stroke
on early recurrent stroke (EXPRESS study):
a prospective population-based sequential comparison. Lancet 2007;370:143242.
13. Amarenco P, Lavallée PC, Monteiro
Tavares L, et al. Five-year risk of stroke
after TIA or minor ischemic stroke. N Engl
J Med 2018;378:2182-90.

May 14, 2020

The New England Journal of Medicine
Downloaded from nejm.org at UPPSALA UNIVERSITY on May 13, 2020. For personal use only. No other uses without permission.
Copyright © 2020 Massachusetts Medical Society. All rights reserved.

Clinical Pr actice

14. Jauch EC, Saver JL, Adams HP Jr, et al.

Guidelines for the early management
of patients with acute ischemic stroke:
a guideline for healthcare professionals
from the American Heart Association/
American Stroke Association. Stroke 2013;
44:870-947.
15. Sacco RL, Rundek T. The value of urgent specialized care for TIA and minor
stroke. N Engl J Med 2016;374:1577-9.
16. Lavallée PC, Cabrejo L, Labreuche J,
et al. Spectrum of transient visual symptoms in a transient ischemic attack cohort. Stroke 2013;44:3312-7.
17. Lavallée PC, Sissani L, Labreuche J,
et al. Clinical significance of isolated
atypical transient symptoms in a cohort
with transient ischemic attack. Stroke 2017;
48:1495-500.
18. Kidwell CS, Alger JR, Di Salle F, et al.
Diffusion MRI in patients with transient
ischemic attacks. Stroke 1999;30:1174-80.
19. Coutts SB, Moreau F, Asdaghi N, et al.
Rate and prognosis of brain ischemia in
patients with lower-risk transient or persistent minor neurologic events. JAMA
Neurol 2019;76:1439-45.
20. McCullough-Hicks ME, Albers GW.
Benefits of magnetic resonance imaging
for patients presenting with low-risk transient or persistent minor neurologic deficits. JAMA Neurol 2019 September 23
(Epub ahead of print).
21. Mlynash M, Olivot J-M, Tong DC,
et al. Yield of combined perfusion and diffusion MR imaging in hemispheric TIA.
Neurology 2009;72:1127-33.
22. Grams RW, Kidwell CS, Doshi AH,
et al. Tissue-negative transient ischemic
attack: is there a role for perfusion MRI?
AJR Am J Roentgenol 2016;207:157-62.
23. Zaharchuk G, Olivot J-M, Fischbein
NJ, et al. Arterial spin labeling imaging
findings in transient ischemic attack patients: comparison with diffusion- and
bolus perfusion-weighted imaging. Cerebrovasc Dis 2012;34:221-8.
24. Amarenco P, Duyckaerts C, Tzourio C,
Hénin D, Bousser M-G, Hauw J-J. The
prevalence of ulcerated plaques in the aortic arch in patients with stroke. N Engl J
Med 1992;326:221-5.
25. Amarenco P, Cohen A, Tzourio C,
et al. Atherosclerotic disease of the aortic
arch and the risk of ischemic stroke. N Engl
J Med 1994;331:1474-9.
26. The French Study of Aortic Plaques in
Stroke Group. Atherosclerotic disease of
the aortic arch as a risk factor for recurrent ischemic stroke. N Engl J Med 1996;
334:1216-21.
27. Johnston SC, Rothwell PM, NguyenHuynh MN, et al. Validation and refinement of scores to predict very early stroke
risk after transient ischaemic attack. Lancet 2007;369:283-92.

28. Giles MF, Albers GW, Amarenco P,

et al. Addition of brain infarction to the
ABCD2 score (ABCD2I): a collaborative
analysis of unpublished data on 4574 patients. Stroke 2010;41:1907-13.
29. Giles MF, Albers GW, Amarenco P,
et al. Early stroke risk and ABCD2 score
performance in tissue- vs time-defined
TIA: a multicenter study. Neurology 2011;
77:1222-8.
30. Merwick A, Albers GW, Amarenco P,
et al. Addition of brain and carotid imaging to the ABCD2 score to identify patients
at early risk of stroke after transient is
chaemic attack: a multicentre observational study. Lancet Neurol 2010;9:1060-9.
31. Amarenco P, Labreuche J, Lavallée PC,
et al. Does ABCD2 score below 4 allow
more time to evaluate patients with a
transient ischemic attack? Stroke 2009;
40:3091-5.
32. Amarenco P, Labreuche J, Lavallée PC.
Patients with transient ischemic attack
with ABCD2 <4 can have similar 90-day
stroke risk as patients with transient ische
mic attack with ABCD2 ≥4. Stroke 2012;
43:863-5.
33. National Institute for Health and Care
Excellence (NICE). Stroke and transient
ischaemic attack in over 16s: diagnosis
and initial management. NICE guideline
[NG128]. May 1, 2019 (https://www.nice
.org.uk/g uidance/ng128).
34. Rothwell PM, Algra A, Chen Z, Diener
H-C, Norrving B, Mehta Z. Effects of aspirin on risk and severity of early recurrent
stroke after transient ischaemic attack
and ischaemic stroke: time-course analysis of randomised trials. Lancet 2016;388:
365-75.
35. Wang Y, Wang Y, Zhao X, et al. Clopidogrel with aspirin in acute minor stroke
or transient ischemic attack. N Engl J Med
2013;369:11-9.
36. Johnston SC, Easton JD, Farrant M,
et al. Clopidogrel and aspirin in acute
ischemic stroke and high-risk TIA. N Engl
J Med 2018;379:215-25.
37. Pan Y, Elm JJ, Li H, et al. Outcomes
associated with clopidogrel-aspirin use in
minor stroke or transient ischemic attack:
a pooled analysis of Clopidogrel in HighRisk Patients with Acute Non-Disabling
Cerebrovascular Events (CHANCE) and
Platelet-Oriented Inhibition in New TIA
and Minor Ischemic Stroke (POINT) trials.
JAMA Neurol 2019;76:1466-73.
38. Johnston SC, Elm JJ, Easton JD, et al.
Time course for benefit and risk of clopidogrel and aspirin after acute transient
ischemic attack and minor ischemic
stroke. Circulation 2019;140:658-64.
39. Amarenco P, Bogousslavsky J, Callahan A III, et al. High-dose atorvastatin
after stroke or transient ischemic attack.
N Engl J Med 2006;355:549-59.

n engl j med 382;20

nejm.org

40. Amarenco P, Kim JS, Labreuche J, et al.
Comparison of two LDL cholesterol targets after ischemic stroke. N Engl J Med
2020;382:9-19.
41. Powers WJ, Rabinstein AA, Ackerson
T, et al. 2018 Guidelines for the early management of patients with acute ischemic
stroke: a guideline for healthcare professionals from the American Heart Association/American Stroke Association. Stroke
2018;49(3):e46-e110.
42. Kernan WN, Schindler JL. Rapid intervention for TIA: a new standard emerges.
Lancet Neurol 2007;6:940-1.
43. Luengo-Fernandez R, Gray AM, Rothwell PM. Effect of urgent treatment for
transient ischaemic attack and minor
stroke on disability and hospital costs
(EXPRESS study): a prospective population-based sequential comparison. Lancet
Neurol 2009;8:235-43.
44. Powers WJ, Rabinstein AA, Ackerson
T, et al. Guidelines for the early management of patients with acute ischemic
stroke: 2019 update to the 2018 guidelines for the early management of acute
ischemic stroke: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke 2019;50(12):e344-e418.
45. Wang Y, Zhao X, Lin J, et al. Association between CYP2C19 loss-of-function
allele status and efficacy of clopidogrel
for risk reduction among patients with
minor stroke or transient ischemic attack.
JAMA 2016;316:70-8.
46. Ridker PM, Everett BM, Thuren T, et al.
Anti-inflammatory therapy with canakinu
mab for atherosclerotic disease. N Engl J
Med 2017;377:1119-31.
47. Tardif J-C, Kouz S, Waters DD, et al.
Efficacy and safety of low-dose colchicine
after myocardial infarction. N Engl J Med
2019;381:2497-505.
48. Schwartz GG, Steg PG, Szarek M, et al.
Alirocumab and cardiovascular outcomes
after acute coronary syndrome. N Engl J
Med 2018;379:2097-107.
49. Sabatine MS, Giugliano RP, Keech AC,
et al. Evolocumab and clinical outcomes
in patients with cardiovascular disease.
N Engl J Med 2017;376:1713-22.
50. Bohula EA, Wiviott SD, Giugliano RP,
et al. Prevention of stroke with the addition of ezetimibe to statin therapy in patients with acute coronary syndrome in
IMPROVE-IT (Improved Reduction of Outcomes: Vytorin Efficacy International Trial).
Circulation 2017;136:2440-50.
51. European Stroke Organisation (ESO)
Executive Committee, ESO Writing Committee. Guidelines for management of
ischaemic stroke and transient ischaemic
attack 2008. Cerebrovasc Dis 2008;25:457507.
Copyright © 2020 Massachusetts Medical Society.

May 14, 2020

The New England Journal of Medicine
Downloaded from nejm.org at UPPSALA UNIVERSITY on May 13, 2020. For personal use only. No other uses without permission.
Copyright © 2020 Massachusetts Medical Society. All rights reserved.

1941

