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CME Objective: To review current evidence for the diagnosis, treatment, and preven-
tion of transient ischemic attack.

The information contained herein should never be used as a substitute for clinical
judgment.
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What is a transient ischemic
attack (TIA)?
The classical definition of TIA is an
episode of focal cerebral, retinal, or
spinal cord ischemia causing transient
neurologic dysfunction lasting less
than 24 hours. The 24-hour period is
arbitrary, however, and most TIAs re-
solve in less than 1 hour. 

Despite complete symptom resolu-
tion, 20% to 50% of patients with
TIA have evidence of acute tissue in-
farction on MRI (2, 3). This observa-
tion has led to a vigorous debate
about whether to revise the definition
of TIA to include imaging findings.
Various competing arguments have
been put forth by experts, culminat-
ing in an American Heart Associa-
tion (AHA) Scientific Statement in
2009 that endorsed a revised defini-
tion specifying that TIA should only
refer to a transient episode of neuro-
logic dysfunction due to ischemia
without evidence of acute infarction,
regardless of the duration of symp-
toms (4). The intent of the revised
definition was to better align the ter-
minology used with the actual patho-
physiology of the disease process. A
further rationale for the new defini-
tion was to explicitly encourage the
use of neurodiagnostic testing to
identify brain injury. 

To some extent, these distinctions
are academic, as TIA and ischemic
stroke are fundamentally identical
disease processes that are different
only in duration and degree of
cerebral ischemia and whether per-
manent detectable (either radi-
ographic or clinical) brain injury

ensues. The shared pathophysiology
supports extrapolation of data from
selected clinical trials of stroke
therapeutics to patients with TIA.
Most studies of TIA to date have
used the classical definition. Since
this review relies primarily on this
evidence base, it uses the classical
definition.

What causes TIA and what are the
risk factors?
Focal cerebral ischemia, as occurs in
TIA, may be due to a variety of
causes. These include large artery
atherosclerosis causing either distal
embolism from a thrombus on ul-
cerated plaque or vessel occlusion
leading to perfusion failure, car-
dioembolism, occlusion or stenosis
of the small deep cerebral vessels,
and a variety of such unusual causes
as infectious vasculopathy, vaso-
spasm related to sympathomimetic
drug use, and hypercoagulable
states. 

Determination of the underlying
cause of TIA is critical in determin-
ing the risk for future stroke and
choosing appropriate preventive ther-
apy. The mechanism of TIA is large
artery atherosclerosis in about 20% to
25% of patients, cardioembolism in
10% to 15%, small vessel disease in
10% to 15%, and unusual diverse rare
causes in about 5%; the cause remains
undetermined in about 50% of pa-
tients (5, 6). Most patients with
TIA have underlying risk factors
for vascular disease (see Box: 
Common Risk Factors for TIA and
Stroke).
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An estimated 200 000 to 500 000 people in the United States receive a
diagnosis of transient ischemic attack (TIA) each year (1). TIA is as
an important warning that a person is at increased short-term risk for

stroke, and early recognition and rapid treatment may significantly reduce
this risk. Assessment of a patient with suspected TIA is challenging because
the physical examination is often normal, and there are no easy methods to
confirm the diagnosis at the bedside. However, the recent development of
clinical risk scores and an increasing amount of data on the prognostic value
of early magnetic resonance imaging (MRI) now provide an evidence-based
foundation for clinical decision making in TIA.

Diagnosis
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What is the spectrum of
presentations for patients with TIA?
TIA presents as the sudden onset of
focal neurologic symptoms that 
depend on the area of brain, retina, or
spinal cord, affected by ischemia (see
Box: Symptoms of TIA). Lethargy or
loss of consciousness is not typical of
TIA and suggests an alternative diag-
nosis. Vertigo may be a symptom of
TIA, particularly when coupled with
other typical symptoms, but isolated
vertigo is only very rarely due to TIA.
Since most TIAs are quite brief (60%
of events are less than 1 hour, 71%
less than 2 hours, and only 14% 
>6 hours), the deficits have often re-
solved by the time the patient receives
medical attention (7, 8).
How should clinicians use history
and physical examination to
evaluate patients with suspected
TIA?
The diagnosis of TIA rests on the
history and general physical exami-
nation but the clinician should rec-
ognize that the neurologic examina-
tion may be normal because most
TIAs have resolved by the time the
patient is seen. A classic approach
in clinical neurology is to attempt
to “localize the lesion,” but this is
often extremely challenging after
TIA because the patient’s recollec-
tion and description of the symp-
toms may not accurately or reliably
reflect the neurologic deficit. 

Unilateral weakness is often per-
ceived as heaviness, and unilateral
sensory loss is often described as
tingling or occasionally as pain.
Nonspecific gait dysfunction is a
common symptom and lateropul-
sion (the sense of being pulled to
one side) suggests a focal deficit.
Abnormal speech is a common
symptom but it is often difficult to
determine from the patient’s de-
scription whether this represents
aphasia or dysarthria. Similarly,
blurred vision may be a manifesta-
tion of a cortical visual field deficit,
monocular visual loss, or diplopia.
Regardless, a detailed neurologic
examination is warranted to con-
firm that TIA has resolved. Find-
ings of persistent deficits at the
time of evaluation suggest that the
event is more likely a stroke than a
TIA and certain examination 
findings might suggest a nonvascu-
lar cause.

On examination, findings of a
carotid artery bruit, cardiac arrhyth-
mia or murmur, impaired distal puls-
es, or chronic hypertensive vascular
changes in the ocular fundi, may aid
in both assessment of vascular risk
factors and identification of the
cause of the current event.

What other disorders should
clinicians consider in patients 
with suspected TIA?
Disorders that may mimic TIA 
include seizure with postictal paral-
ysis, hypo- or hyperglycemia, mi-
graine with aura, subdural
hematoma, brain tumor, abscess,
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Common Risk Factors for TIA 
and Stroke
Age >50 y
Hypertension
Diabetes mellitus
Elevated cholesterol levels
Smoking
Carotid stenosis
History of TIA or stroke
History of paroxysmal or persistent

atrial fibrillation
History of coronary artery disease or

peripheral arterial disease
Family history of coronary artery disease,

cerebrovascular disease, or peripheral
arterial disease before age 60 y

Symptoms of TIA
Impaired speech and/or language
Visual loss in one or both eyes
Double vision
Facial drooping
Swallowing dysfunction
Weakness on one side of the body
Sensory loss on one side of the body
Impaired coordination of limbs
Vertigo
Gait dysfunction
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demyelination, unmasking of prior
stroke due to toxic or metabolic
disturbance, cervical or lumbar
spine disease, benign paroxysmal
positional vertigo, or psychogenic
impairment. Most but not all of
these disorders can be excluded
based on history, examination, 
routine laboratory tests, and brain
imaging (Table 1).

What diagnostic tests are helpful
in diagnosis of TIA?
The goals of diagnostic testing in
patients with TIA are chiefly to de-
termine whether cerebral infarction
has occurred and to identify the
cause of the event to guide selec-
tion of appropriate treatment to re-
duce the risk for future TIA or
stroke (Table 2).

MRI, specifically diffusion-weighted
(DWI) imaging, is sensitive for 

detecting acute cerebral infarction
(Figure). MRI will show evidence of
acute infarction in about one third of
cases of classically defined TIA, and
is more likely to be abnormal in per-
sons with symptoms lasting longer
than 1 hour or who have weakness
or speech disturbance (2, 3). The
presence of acute infarction on MRI
confirms that the transient neurolog-
ic event had a vascular origin. MRI
is also helpful in identifying other
conditions that can be confused with
stroke, particularly mass lesions (9).
Moreover, MRI is extremely useful
for evaluating risk for future stroke.
Computed tomography (CT) scan-
ning can be used to exclude brain
hemorrhage or large mass lesions,
and may show evidence of cerebral
infarction in TIA. However, CT has
poorer performance in distinguishing
new from old infarction and, 

Table 1. Differential Diagnosis of Transient Ischemic Attack
Disease Characteristics Notes

TIA/stroke Abrupt onset; fixed focal findings Diffusion-weighted MRI is abnormal in 
referable to arterial distribution 20% to 50% of patients with transient

symptoms
Seizure Abrupt onset and termination; often May accompany stroke in about 2% to

includes decreased responsiveness, 3% of cases.
involuntary movements, and/or 
incontinence during the event; usually 
lethargy or confusion after the event; 
focal findings can occur and resolve 
over hours to days

Hypoglycemia/hyperglycemia Almost always occurs in patients with Diagnose by measuring blood glucose
diabetes; may be accompanied by seizure

Complicated migraine Usually severe headache precedes or Suspect in younger patients and those 
follows; sensory and visual disturbances with history of severe headache; MRI
often prominent; sensory symptoms often usually normal; stroke may accompany
spread over affected area relatively slowly migraine

Mass lesion (tumor, abscess, Focal symptoms occur over hours to days; Can be distinguished from stroke by 
herpes encephalitis, subdural may not follow cerebrovascular territory; brain imaging
hematoma, demyelination) primary cancer, fever, immunosuppression, 

or history of trauma often present 
Cervical or lumbar spine disease Focal symptoms isolated to a peripheral Symptom recurrence may be 

nerve root distribution in a single limb demonstrated with maneuvers, such as 
and associated with depressed reflexes a cervical stretch test
in that region 

Benign paroxysmal Very brief (seconds) spells of vertigo Reproducible with Dix-Hallpike 
positional vertigo precipitated by head movement maneuver; associated with specific 

characteristics (torsional nystagmus 
with latency and fatigability) 

Psychogenic (functional) May look like stroke; often not in a More likely conversion disorder than 
vascular territory; findings often malingering
nonanatomical or inconsistent; 
MRI usually normal

MRI = magnetic resonance imaging.
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Table 2. Diagnostic Tests for TIA
Test Notes

Brain CT Extremely low sensitivity for small cerebral infarctions; good specificity (25% to 90%) for infarction after 24
hours; useful for excluding brain hemorrhage, large mass lesions, and identifying old areas of infarction

Brain MRI High sensitivity (~90%) for infarction, although variable for TIA, related to duration; high specificity (~95% to
100%) for infarction; will show evidence of acute infarction in ~20% to 50% of cases of classically defined TIA

Carotid ultrasonography Moderately high sensitivity and specificity (~80% to 90%) for carotid bifurcation stenosis >70%; not helpful
for TIA in the vertebrobasilar system

Transcranial Doppler ultrasonography Moderate sensitivity (~70%) and fair specificity (~30% to 50%) for intracranial stenosis >50%; can be limited
due to poor ability to obtain measurements in patients with thicker skulls and soft tissues

MRA, CTA Moderately high sensitivity and specificity (~80% to 90%) for any stenosis >50%; MRA may overestimate
stenosis; gadolinium-enhanced cervical MRA improves accuracy; CTA requires intravenous contrast; both
gadolinium and CT contrast may be problematic in patients with kidney disease or prior allergic reaction

Catheter angiography Reference standard; invasive procedure with <1% risk for stroke and other major events; generally used when
a revascularization procedure is considered; requires contrast

Echocardiography Moderately high (~50% to 90%) for cardiac lesions; useful to detect intracardiac thrombus, tumors, and valve
disorders; some abnormalities, such as patent foramen ovale and aortic arch atheroma, have uncertain roles in
TIA and stroke

Electrocardiography Useful to identify atrial fibrillation
Serum glucose and hemoglobin A

1C
Useful to detect latent diabetes mellitus

Serum lipids Useful to detect hyperlipidemia
Clotting studies Obtain baseline prothrombin/partial thromboplastin time to prepare for possible anticoagulation; additional

studies for patients with recurrent TIA or prior unexplained thromboembolism (lupus anticoagulant, anticardi-
olipin antibodies, factor V Leiden, prothrombin gene mutation, protein C and S, antithrombin III)

Toxicology screen To detect sympathomimetic drug use in the absence of typical risk factors for stroke
Blood cultures Obtain if patient is febrile, especially when suspect endocarditis and embolic stroke/TIA
Erythrocyte sedimentation rate In patients older than 50 years of age with unexplained TIA or headache when giant-cell arteritis is being

considered
Rheumatologic serologies When systemic vasculitis or autoimmune mediated hypercoagulable state or valvular disease is suspected
VDRL/RPR testing Consider in patients with unexplained TIA with possible meningovascular syphilis
Hemoglobin electrophoresis Consider in patients with anemia and atypical cerebral vasculopathy
Genetic testing Useful only to detect rare inherited diseases associated with stroke

CT = computed tomography; CTA = computed tomographic angiography; MRA = magnetic resonance angiography; MRI = magnetic resonance imaging; 
RPR = rapid plasma reagin; TIA = transient ischemic attack;  VDRL = venereal disease research laboratory.

Figure. 1 Abnormal MRI diffusion-weighted imaging
showing an acute cerebral infarction in the left hemi-
sphere (arrow). The patient was a 26-year-old woman
who presented with a 30-minute episode of right-sided
weakness and numbness and difficulty seeing to 
the right. She was subsequently found to have the 
antiphospholipid antibody syndrome. Note that
MRI_DWI images have inherently low spatial resolution
by nature. The clarity of the image would be identical to
this reproduction when viewed on high-resolution radi-
ology equipment.
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therefore, is less diagnostically useful
than MRI. Nevertheless, the pres-
ence of any infarction (old or new)
on CT may also have prognostic val-
ue in terms of risk for future stroke.

Given the well-established benefit
of carotid revascularization in ap-
propriate patients, vascular imaging
to evaluate the cervical carotid ar-
teries is mandatory for all patients
with symptoms of TIA potentially
referable to the anterior circulation
(such as unilateral weakness, senso-
ry loss, speech or language impair-
ment, or monocular visual loss).
Because anatomical localization of
symptoms in the brain can be diffi-
cult in many TIA patients, imaging
both the anterior and posterior cer-
vical and intracranial vessels may be
reasonable for diagnostic and prog-
nostic purposes. Vessels can be im-
aged with ultrasonography (i.e.,
carotid duplex and transcranial
Doppler), CT angiography, MRI
angiography, or catheter angiogra-
phy, although the last is generally
reserved to resolve conflicting re-
sults from noninvasive testing when
revascularization procedures are be-
ing considered. The choice of
modality is largely based on avail-
ability, timeliness, and cost.

Electrocardiography and echocardio-
graphy are recommended to investi-
gate possible cardiac sources of cere-
bral embolism. Prolonged cardiac
telemetry may be valuable in select
cases to detect occult paroxysmal
atrial fibrillation if no other source of
TIA is identified (10). There are

many other potential causes of stroke
and TIA, but they account for a rela-
tively small fraction of cases. Clini-
cians should consider the following
types of tests for less common causes
on a case-by-case basis: testing for
prothrombotic disorders, screening
for illicit drug use, blood cultures,
markers of systemic inflammatory
disorders, and hemoglobin elec-
trophoresis.

Patients with TIA should also have
evaluation for common vascular
risk factors, including measurement
of blood pressure, serum lipids,
serum glucose, and hemoglobin A1c.

When should clinicians consult a
neurologist for the diagnosis of TIA?
Consultation with a neurologist can
be helpful for patients with sus-
pected TIA, and data suggest that
patients with TIA who are evaluat-
ed urgently by stroke specialists
have rates of subsequent stroke
than patients evaluated in nonspe-
cialty settings.

A study of 1278 patients who presented
with TIA or minor stroke in the United King-
dom reported that referral to a specialized
clinic had shorter times until initiation of
prescription medications than those re-
ferred to the primary care provider (1 day
vs. 20 days; P < 0.0001). The 90-day risk for
recurrent stroke in the patients referred to
the specialized clinic was 2.1% (6 of 281
patients) compared with 10.3% (32 of 310
patients) seen in primary care. Early evalu-
ation and treatment after TIA or minor
stroke was associated with an 80% (95%
CI, 51% to 92%) reduction in the risk for
early recurrent stroke (11).

Diagnosis... Transient neurologic symptoms characterize TIA. Evaluation of the
patient with transient neurologic symptoms should aim to determine whether the
symptoms were due to cerebral ischemia, and if so, the mechanism by which
cerebral ischemia occurred. Brain MRI-DWI is sensitive to acute infarction, which
is seen in about one third of TIA patients despite symptom resolution. Vascular
imaging, electrocardiography, echocardiography, and laboratory testing to evalu-
ate risk factors and basic blood work are indicated in most patients with suspect-
ed TIA to identify and treat the causes.

CLINICAL BOTTOM LINE
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What is the role of risk
assessment in the acute care of
patients with TIA?
Evaluation of risk for subsequent
stroke is an essential component of
the management of acute TIA. A
meta-analysis of 18 studies evaluat-
ing stroke risk within 7 days of
TIA showed an overall risk for
5.2%, with most strokes occurring
within the first 48 hours (12). Oth-
er studies have reported a stroke
risk of up to 20% within 90 days in
patients with high-risk features of
TIA as defined by clinical risk
scores (13). The risk for early
stroke varies widely by health care
setting, with the lowest risk in pa-
tients receiving emergency treat-
ment from specialist stroke services
(0.9% at 7 days), and the highest
risk in general population-based
studies without urgent treatment
(11.0% at 7 days) (12). The ob-
served risk also appears to depend
on study methodology, with higher
risks observed in studies using ac-
tive outcome ascertainment (12,
13). For instance, in a meta-analysis
including only studies with active
outcome ascertainment, early risk
for stroke was 9.9% at 2 days,
13.4% at 30 days, and 17.3% at 90
days (13). Short-term risk for other
complications following TIA is
somewhat uncertain due to limited

data, but one large study of 1707
patients found that hospitalization
for cardiovascular events occurred
in 2.6% and death in an additional
2.6% of patients within 90 days of
TIA (14).
How should clinicians assess the
risk for subsequent stroke in
patients following TIA?
Extensive recent research has ex-
plored 3 general categories of tools
to risk-stratify patients with TIA:
clinical risk scores, such as the
ABCD2 score (13); brain imaging
studies, particularly MRI-DWI;
and vascular imaging studies fo-
cused on identifying large-vessel
stenosis as the mechanism causing
the TIA.

Clinical Risk Scores
The ABCD2 score is a straightfor-
ward, established tool that can be
used to estimate short-term stroke
risk following TIA (Table 3) (13).
It has been validated in a number
of cohorts, although its predictive
value has varied across studies (15).
It appears that this score is more
accurate in assessing risk for dis-
abling stroke as opposed to any
stroke after TIA (16, 17).
A pooled analysis of 20 cohort studies as-
sessing the performance of the ABCD2

score and its precursor the ABCD score 

Risk
Stratification

Table 3. Risk for Stroke at Various Time Points After TIA Based on ABCD2 Score
Age: ≥60 years = 1 point
Blood pressure: Systolic blood pressure ≥ 140 mm Hg and/or diastolic blood

pressure ≥ 90 mm Hg = 1 point
Clinical features: Unilateral weakness = 2 points

Speech disturbance without weakness = 1 point
Duration of symptoms: ≥60 minutes = 2 points

10–59 minutes = 1 point
Diabetes: Yes = 1 point

ABCD2 Score Risk Category Stroke Risk

2 Days 7 Days 90 Days

0–3 Low 1.0 1.2 3.1
4–5 Moderate 4.1 5.9 9.8
6–7 High 8.1 11.7 17.8
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included 9808 patients with 456 strokes.
The c-statistic (area under the receiver-op-
erating characteristic curves) for prediction
of stroke at 7 days after TIA was 0.72 for
both ABCD and ABCD2 scores, indicating
fair to good discrimination. The perform-
ance of the scores was better in studies
that used face-to-face clinical evaluation
as opposed to retrospective data extrac-
tion. Additionally, the scores performed
better in cohorts studied by the groups
who developed the scores (c-statistic 0.77)
than in cohorts studied by independent in-
vestigators (c-statistic 0.69) (15).

Modified versions of the ABCD2

clinical risk score that incorporate a
third “D” for “dual TIA,” defined as
more than one TIA within the pre-
ceding week (ABCD3), and the re-
sults of brain and vascular imaging
(ABCD3I) have been developed.
However, while preliminary data
suggest that the modified scores
appear to improve risk classifica-
tion, they have not been independ-
ently validated (18).

Clinicians should be aware that
clinical risk scores should not over-
ride clinical judgment in individual
patients, particularly when other
clinical evidence suggests that a
transient neurologic event was due
to focal ischemia or a high-risk
cause exists for the possible TIA.

Brain Imaging Studies
The presence of cerebral infarction
on CT or MRI in patients with
TIA is associated with a signifi-
cantly increased short-term risk for
stroke. CT and MRI provide dif-
ferent prognostic information, with
CT evidence of infarction indicat-
ing the background presence of
cerebrovascular disease, and MRI-
DWI evidence of acute infarction
providing information about the
acute clinical event. While both
tests are relevant prognostically, in-
formation about the acute event is
more critical for estimating short-
term risk.

An analysis of 4574 patients with TIA from
12 centers assessed the prognostic value
of radiologic evidence of brain infarction

when combined with ABCD2 scoring.
Acute infarction was present on MRI in
28% of patients studied, and acute or old
infarction on head CT was present in 24%.
In the presence of acute infarction on MRI,
after adjustment for ABCD2 score the odds
ratio for stroke within 7 days of TIA was
14.9 (CI, 7.4 to 30.2; P<0.001). For similar
analysis of any infarction on CT, the odds
ratio was 4.2 (CI, 2.6 to 6.9; P< 0.001). No-
tably, the rate of stroke at 7 days was 7.1%
in patients with acute infarction on MRI-
DWI vs. 0.4% in those without acute in-
farction. Patients with symptoms of TIA
whose MRI-DWI was negative for acute
infarction had low short-term risk for
stroke (< 1% at 7 days) (2).

Vascular Imaging Studies
Because patients with large-vessel
stenosis as the cause of TIA appear
to have high short-term risk for
stroke, vascular imaging studies are
an important tool in estimating risk
and can identify patients who are
candidates for revascularization
procedures, such as carotid en-
darterectomy (CEA). In a large co-
hort of patients with TIA, the pres-
ence of carotid stenosis more than
50% tripled the risk for stroke
within 7 days after adjustment for
MRI-DWI and clinical risk scor-
ing. This may be an underestimate
of the true risk, as some of these
patients underwent early CEA, po-
tentially preventing stroke that oth-
erwise might have occurred (18).
The risk for stroke associated with
intracranial large-vessel stenosis 
appears to be similar to that of sig-
nificant carotid stenosis; risk also
appears to be similar for both ante-
rior and posterior circulation 
disease (19–21).

Are there any patients with
suspected TIA that are at very low
risk for stroke?
Isolated sensory symptoms lasting
less than 10 minutes, isolated vi-
sual symptoms lasting less than 30
minutes, and transient isolated
vertigo represent clinical presenta-
tions for which TIA may be a di-
agnostic consideration but which
are associated with a very low risk
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for stroke. In many cases, these
symptoms are due to a nonvascu-
lar process, which probably 
accounts for the low stroke risk
observed. 

A large observational study of 1707 pa-
tients with TIA presenting to the emer-
gency department identified 2 groups of
patients at high risk for recurrent TIA but
minimal risk for stroke within 90 days: 1)
patients with isolated sensory symptoms
lasting less than 10 minutes, 40% of whom
had a recurrent TIA and none of whom
had a stroke, and 2) patients with recurrent
episodes of isolated visual symptoms 

lasting less than 30 minutes, 23% of whom
had a recurrent TIA and none of whom
had a stroke (22).

A retrospective cohort study identified 31
159 patients presenting to emergency de-
partments with a primary diagnosis of
dizziness or vertigo. During the subsequent
6 months, the incidence of a cerebrovascu-
lar event was 0.63% (CI, 0.55% to 0.72%),
with similarly low risks for cardiovascular
and other vascular events. In the first
month after a patient presented with verti-
go or dizziness, the incidence rate of stroke
was 30 (CI, 24 to 37) per 10 000 person-
months (23).

risk scores to triage patients. Yet,
observational evidence suggests a
benefit of rapid testing and 
treatment.

What drug therapy should clini-
cians consider for patients having
acute TIA?

Drugs that are commonly used to
reduce risk for recurrent TIA and
stroke are listed in Table 4.

Patients with acute TIA should re-
ceive antiplatelet therapy at an ini-
tial dose that is sufficient to pro-
duce immediate platelet inhibition,
such as aspirin 160 to 325 mg or,
for aspirin-allergic patients, clopi-
dogrel 300 mg. Subsequently, the
dose can be reduced to a daily dose
of aspirin 81 mg or clopidogrel 
75 mg. Combination antiplatelet
therapy is under active investigation
but has not been proven safer or

When should clinicians hospitalize
patients with suspected TIA?
Clinicians should consider hospi-
talization or 24-hour observation
for all patients with acute TIA
while determining the mechanism
of the TIA and a treatment strate-
gy. Patients at high risk for subse-
quent TIA or stroke may benefit
from intensive treatment and close
monitoring for new neurologic
symptoms. The 2009 American
Heart Association guidelines state
that it is reasonable to hospitalize
patients with TIA who present
within 72 hours of symptom onset
if they have an ABCD2 score of 3
or greater or an ABCD2 score of 0
to 2 in either the setting of inability
to complete the diagnostic evalua-
tion within 48 hours or evidence of
focal ischemia (4). No randomized
trials have assessed the benefits of
hospitalization or use of clinical

Risk stratification... Within 1 week of TIA, about 5% to 10% of patients will have
a stroke. Tools for predicting which patients are at highest risk include clinical risk
scores, brain imaging with CT or MRI-DWI, and vascular imaging. The ABCD2 score
incorporates age, blood pressure, weakness or speech impairment, duration of the
event, and history of diabetes. Patients with low scores have a low short-term risk
for stroke (about 1% at 7 days). Patients with evidence of acute infarction on
MRI-DWI, old or new infarction on CT, or large-vessel stenosis on vascular imag-
ing are at higher risk for stroke in the short-term, whereas those with normal
MRI-DWI are at low risk.

CLINICAL BOTTOM LINE

Treatment
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more effective in preventing stroke
in patients with TIA than aspirin
monotherapy.

The Fast Assessment of Stroke and Tran-
sient Ischaemic Attack to Prevent Early Re-
currence trial enrolled 392 patients with
acute TIA or minor stroke within 24 hours
of symptom onset to compare aspirin with
and without clopidogrel. In addition to the
antiplatelet comparison, patients were
randomized to simvastatin vs. placebo in a
2 x 2 factorial design. Compared with as-
pirin monotherapy, combination therapy
did not lead to significant reductions in
stroke (10.8% vs. 7.1%; P = 0.19) and
caused significantly more symptomatic
bleeding events (3.0% vs. 0%, P = 0.03).
There was no benefit related to early treat-
ment with simvastatin (24).

Acute parenteral anticoagulation is
used by some clinicians in high-risk
patients with TIA, particularly
those with a documented source 
of cardioembolism, with severe

large-vessel stenosis, or with a his-
tory of multiple recurrent TIAs. 

In the largest study of heparin in patients
with ischemic stroke, anticoagulation re-
duced short-term risk for recurrent ischemic
stroke (2.9% vs. 3.8% at 2 weeks) but an in-
creased risk for intracerebral hemorrhage
by the same amount (1.2% vs. 0.4%) result-
ed in no net benefit for heparin (25).
Given that the risk for intracerebral
hemorrhage increases with the size
of cerebral infarction (26), it is like-
ly that TIA patients have a lower
risk for bleeding than patients with
ischemic stroke. In addition, the
short-term risk for recurrent stroke
is much higher in patients with
TIA than with completed ischemic
stroke, and it is plausible that the
benefit of anticoagulation might be
magnified in patients with a higher
risk for recurrent events. However,
parenteral anticoagulation 

Table 4. Drugs Commonly Used to Reduce Risk for Recurrent TIA or Stroke
Drug Mechanism of Action Dosage Setting in Which to Benefits Side Effects

Consider Use

Aspirin Antiplatelet 160–325 mg/day acutely; Acute TIA Reduce recurrent GI bleeding and 
subsequently reduce to TIA, stroke irritation, allergic reaction
81 mg/day

Combined aspirin/ Antiplatelet Aspirin 25 mg + extended- Small benefit over Reduce recurrent GI bleeding and irritation, 
dipyridamole release dipyridamole aspirin alone and similar TIA, stroke allergic reaction, 

200 mg/day to clopidogrel in headache, dizziness
preventing recurrence 
in patients with stroke

Clopidogrel Antiplatelet 300 mg/d acutely; Acute TIA in patients Reduce recurrent Same as aspirin, except 
subsequently reduce to with aspirin allergy TIA, stroke slightly less GI effects; 
75 mg/d rare TTP

Heparin Anticoagulant Parenteral to target Consider if documented May reduce Bleeding
cardioembolic source, stroke risk, but  
severe large vessel not studied 
stenosis, history of specifically for 
multiple TIAs TIA in large RCTS

Warfarin Anticoagulant Dose to target INR 2–3 TIA due to atrial Reduce recurrent Bleeding
fibrillation TIA, stroke; more 

effective than 
antiplatelet 
therapy in this 
setting

Dabigatran Anticoagulant 150 mg twice daily (or TIA due to atrial Reduces stroke; Bleeding, dyspepsia
(direct thrombin 75 mg twice daily in patients fibrillation more effective 
inhibitor) with low creatinine clearance) than antiplatelet 

therapy in this 
setting

TIA = transient ischemic attack; GI = gastrointestinal; INR = international normalized ratio; TTP = thrombotic thrombocytopenic purpura; RCT = randomized,
controlled trial.
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specifically for TIA has not been
studied in large randomized trials.
Patients with acute stroke after TIA
should be treated with intravenous
thrombolytic therapy unless other
contraindications exist.

How should clinicians manage
antihypertensive medications in
the setting of acute TIA?
Up to one third of patients with
acute TIA have evidence of focal
cerebral hypoperfusion on imaging
studies (27). Strategies to optimize
cerebral blood flow are therefore
appropriate in the acute period,
generally the first 24 hours after
symptoms. This includes avoidance
of blood pressure–lowering agents
(i.e., permissive hypertension), use
of intravenous normal saline to en-
sure euvolemia, and positioning the
patient with the head of bed flat.
Restarting antihypertensive med-
ications in patients who have been
stable for 24 hours and completed
their evaluation seems to be safe,
although this should be done more
cautiously in patients with TIA due
to severe large-vessel stenosis (28).

When should clinicians use
anticoagulant and antiplatelet
therapy to prevent recurrent TIA
or stroke?
The cause of TIA should guide 
the use of preventive therapy. For
patients with TIA or stroke due to
atrial fibrillation, anticoagulation
with warfarin (target international
normalized ratio [INR] of 2 to 3)
dramatically reduces risk for future
stroke, and is substantially better
than antiplatelet therapy (29). War-
farin therapy in patients with atrial
fibrillation remains highly benefi-
cial in the elderly (30). Dagibatran
is an oral direct thrombin inhibitor
recently approved by the U.S. Food
and Drug Administration (FDA)
for use in atrial fibrillation.

A randomized trial compared dabigatran
(110 mg or 150 mg twice daily), a recently
FDA-approved oral anticoagulant, with war-
farin (dose-adjusted to a goal INR 2 to 3) in 
18113 patients with atrial fibrillation. Rates of

stroke or systemic embolism were 1.69%/year
with warfarin, compared with 1.53%/year
with dabigatran 110 mg twice daily (RR 0.91
[CI 0.74 to 1.11]; P<0.001 for noninferiority)
and 1.11% with dabigatran 150 mg twice
daily (RR 0.66 [CI 0.53 to 0.82]; P<0.001 for su-
periority). Rates of major bleeding were
3.36%, 2.71%, and 3.11% per year in the war-
farin, dabigatran 110-mg, and dabigatran
150-mg groups, respectively (31).

The combination of aspirin and
clopidogrel is less effective than
warfarin in the setting of atrial fib-
rillation but is associated with simi-
lar bleeding risk; combination as-
pirin and clopidogrel may be more
effective than aspirin alone but
with more bleeding side effects (32,
33). Thus, dual antiplatelet therapy
may be a reasonable option for pa-
tients unable to take warfarin for
reasons other than bleeding risk.
Oral anticoagulation is also recom-
mended for TIA due to other high-
risk cardioembolic sources, such as
severe congestive heart failure, me-
chanical valve replacement, and left
ventricular thrombus.

Antiplatelet therapy should be pre-
scribed for patients without a car-
dioembolic source of TIA. Aspirin,
clopidogrel, or aspirin combined
with extended-release dipyridamole
(ASA-ER DP) are reasonable
choices. Clopidogrel and ASA-ER
DP have both been shown to be
superior to aspirin at preventing re-
current vascular events in patients
with stroke, and in a large head-to-
head trial these two agents were
nearly identical in their efficacy and
safety profile (34).
What other drug therapy has a
role in preventing recurrent TIA or
stroke?
Statins
Cholesterol lowering with statin
agents has been shown to reduce
the risk for recurrent vascular
events in patients with stroke or
TIA (35). Statins seem to have
multiple mechanisms that amelio-
rate stroke risk, including stabiliza-
tion of atherosclerotic plaques; 
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decreased carotid intimal–medial
thickness; endothelial protection via
actions on the nitric oxide synthase
system; and antioxidant, anti-in-
flammatory, and antiplatelet effects.
Current guidelines recommend a
target low-density lipoprotein
(LDL) level less than 70 mg/dL in
patients with atherosclerotic stroke
or TIA and less than 100 mg/dL
otherwise (36).

A randomized clinical trial compared
high-dose atorvastatin (80 mg daily) to
placebo in 4731 patients who had had a
recent stroke or TIA, had LDL cholesterol
levels of 100 to 190 mg/dL (2.6 to 
4.9 mmol/L), and had no known coronary
artery disease. The mean LDL cholesterol
level achieved during the trial was 
73 mg/dL among patients receiving ator-
vastatin and 129 mg/dL among patients
receiving placebo. Treatment with atorvas-
tatin resulted in an absolute risk reduction
for stroke of 2.2% (hazard ratio [HR], 0.84
[CI, 0.71 to 0.99]; P=0.03) and for major car-
diovascular events of 3.5% (HR, 0.80 [CI,
0.69 to 0.92]; P=0.002) over 5 years (35).

Antihypertensive Agents
Outside of the acute period, long-
term aggressive blood pressure low-
ering, even in patients who are 
normotensive, significantly reduces
the risk for future vascular events in
patients with stroke or TIA (37).

A meta-analysis of 7 randomized trials in-
volving 15 527 patients with TIA or stroke
showed that treatment with antihyperten-
sive drugs was associated with significant
reductions in recurrent strokes (relative risk,
0.76 [CI, 0.63 to 0.92]) as well as MI and all
vascular events. The impact of blood pres-
sure reduction was similar in patients with
or without a history of hypertension. Larg-
er reductions in systolic blood pressure
were associated with greater reduction in
risk for recurrent stroke, but no particular
threshold was established for efficacy (38).

What surgical or other nondrug
therapies can be used to prevent
recurrent TIA or stroke?
In patients with TIA due to carotid
stenosis greater than 70%, CEA signifi-
cantly reduces future stroke risk (39).
The risk reduction achieved is similar, if
not greater, in elderly compared with
younger patients. It is important to note

that CEA is most beneficial when it is
done soon after TIA, ideally within the
first 2 weeks. For patients with carotid
stenosis of 50% to 69%, there also ap-
pears to be significant benefit if CEA is
performed within 2 weeks of the event,
but the benefit is greater in men than
women.

A pooled analysis of the European Carotid
Surgery Trial and the North American
Carotid Endarterectomy Trial including
5893 patients showed an overall benefit for
CEA, with benefit being greatest in men,
patients ≥ 75 years of age, and those ran-
domized within 2 weeks of their most re-
cent stroke/TIA. For patients with ≥ 50%
stenosis, the number needed to treat with
surgery to prevent 1 ipsilateral stroke in 5
years was 9 for men vs. 36 for women, 5 for
patients ≥ 75 years of age vs. 18 for pa-
tients < 65 years of age, and 5 for those
randomized within 2 weeks of stroke/TIA
vs. 125 for those randomized more than 
12 weeks after stroke/TIA (39).

Carotid angioplasty and stenting
offers an alternative to CEA; how-
ever, several large randomized trials
and meta-analyses have demon-
strated that CEA is associated with
a lower risk for stroke in patients
with recent cerebrovascular ischemic
events (40–42). Therefore, CEA is
preferred over carotid angioplasty
and stenting unless surgery is con-
traindicated (i.e., high carotid bifur-
cation, previous neck radiation, ex-
tremely high cardiac risk).

A randomized trial in the United States
compared stenting with CEA in2502 pa-
tients with either symptomatic or asymp-
tomatic carotid stenosis and found no 
significant difference in the estimated 4-
year rates of stroke, MI, or death between
stenting (7.2%) and CEA (6.8%) (HR with
stenting, 1.11 [CI, 0.81 to 1.51]; P = 0.51).
CEA was associated with an increased risk
for MI after the procedure but stenting was
associated with a greater risk for stroke.
Notably, among symptomatic patients
(with TIA or stroke), the rate of stroke or
death was 8.0% with stenting and 6.4%
with CEA (HR, 1.37; P = 0.14), which is simi-
lar to the results of the meta-analysis
above (44).

A meta-analysis was performed using data
from 3433 patients with symptomatic
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carotid artery stenosis who participated
in 3 large European randomized trials
comparing CEA with carotid angioplasty
and stenting. In the first 4 months after
randomization, stroke or death was
greater in the carotid stenting group
(8.9%) compared with the CEA group
(5.8%) (risk ratio, 1.53 [CI, 1.20 to 1.95]).
The only clinical factor that affected
treatment was age. Patients younger
than 70 years had similar risk for stroke or
death with stenting (5.8%) and CEA
(5.7%). In contrast, patients 70 years or
older had twice the risk with stenting
(12.0%) than with CEA (5.9%) (44).

Patients with TIA due to high-
grade intra-cranial stenosis face a
14% risk for stroke in the next
year, most of which is accrued in
the first few months (45). Intra -
cranial angioplasty and stenting

are under active investigation as a
potential treatment for these pa-
tients but benefit has not been 
established (46).

How should clinicians follow
patients with TIA?
For patients with TIA, follow-up
should be focused on controlling
vascular risk factors. Healthy diet,
regular exercise, medication com-
pliance, and smoking cessation
should be emphasized. At follow-
up visits, close attention should be
paid to new neurologic symptoms
that might suggest recurrent TIA
or stroke. In the absence of new
symptoms, there is generally no
need for routine follow-up studies
once the initial diagnostic evalua-
tion has been completed.

and initial treatment with an-
tiplatelet therapy should be admin-
istered promptly. Long-term 
preventive therapy should be based
on the cause of the TIA.

What measures do U.S.
stakeholders use to evaluate the
quality of care for patients with
TIA?
The 2010 Physician Quality Re-
porting Initiative (PQRI) includes
179 measures to evaluate quality of
care. Of these, 3 measures specifi-
cally address the care of patients
with TIA (see Box: PQRI Quality
of Care Measures for TIA) and a
larger number relate to the care of
patients after stroke.

What do professional organizations
recommend regarding the care of
patients with TIA?
The American Heart Association
and American Stroke Association
have developed recommendations
about the evaluation and care of
patients with TIA, many of which
are reflected in this review (4, 36).
Briefly, these organizations recom-
mend that patients with TIA be
evaluated as soon as possible and
that the evaluation include brain
imaging, noninvasive vascular im-
aging, and cardiac evaluation with
at least electrocardiography and
possibly echocardiography. Hospi-
talization should be strongly con-
sidered for high-risk TIA patients,

Treatment... Patients with acute TIA benefit from immediate evaluation to deter-
mine the cause of TIA and strategies to reduce the risk for recurrent TIA or stroke.
Hospitalization is appropriate for most patients with acute TIA, and anti-platelet
therapy should be administered promptly. Patients with a cardioembolic source,
such as atrial fibrillation, should receive long-term anticoagulation. Patients with
carotid stenosis greater than 50% should be considered for carotid revasculariza-
tion, preferably by CEA and within 2 weeks of TIA. All patients should receive
long-term antithrombotic therapy and control of vascular risk factors.

CLINICAL BOTTOM LINE

Practice
Improvement
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PIER Modules
www.pier.acponline.org
Access the PIER modules on stroke and TIA. PIER modules

provide evidence-based, updated information on current
diagnosis and treatment in an electronic format designed for
rapid access at the point of care.

Patient Information
www.annals.org/intheclinic/toolkit-tia.html
Access the Patient Information material that appears on the

following pages for duplication and distribution to patients.
www.americanheart.org/presenter.jhtml?identifier=4781
Information from the American Heart Association on TIA and

stroke, including “What Are Stroke and TIA?” and “What Are
the Warning Signs of Stroke and TIA?”

www.ninds.nih.gov/disorders/tia/tia.htm
Information from the National Institute of Neurological

Disorders and Stroke (NINDS) in English and Spanish.

Clinical Guidelines
http://stroke.ahajournals.org/cgi/reprint/STR.0b013e3181f7d043v1 

American Heart Association/American Stroke Association
2010 guidelines for prevention of stroke and TIA.

http://stroke.ahajournals.org/cgi/reprint/STROKEAHA.108.192218
2009e American Heart Association/American Stroke Association

2009 recommendations for the definition and evaluation of
TIA.

http://onlinelibrary.wiley.com/doi/10.1002/ana.20942/pdf
2006 National Stroke Association guidelines for the management

of TIAs.

Risk Scores
www.mdcalc.com/abcd2-score-for-tia
An electronic tool for calculating risk for stroke following TIA.
www.stroke.org/site/DocServer/NSA_ABCD2_tool.pdf?docID
This 2-page clinical handout from the National Stroke

Association includes the ABCD2 risk assessment tool and a list
of key management consideration for TIA.

Quality Measures
http://pier.acponline.org/qualitym/t009.html
Access information on 2010 Physician Quality Reporting

Initiative measures of quality of care related to TIA and stroke.

4 January 2011Annals of Internal MedicineIn the ClinicITC1-14© 2011 American College of Physicians

2010 PQRI Quality of Care Measures for TIA

Computed Tomography (CT) or Magnetic Resonance Imaging (MRI) Reports:
Percentage of final reports for CT or MRI studies of the brain performed within 24 hours of

arrival to the hospital for patients aged 18 years and older with either a diagnosis of
ischemic stroke or transient ischemic attack (TIA) or intracranial hemorrhage or at least
one documented symptom consistent with ischemic stroke or TIA or intracranial
hemorrhage that includes documentation of the presence or absence of each of the
following: hemorrhage and mass lesion and acute infarction

Discharged on Antiplatelet Therapy:
Percentage of patients aged 18 years and older with a diagnosis of ischemic stroke or

transient ischemic attack (TIA) who were prescribed antiplatelet therapy at discharge

Anticoagulant Therapy Prescribed for Atrial Fibrillation at Discharge:
Percentage of patients aged 18 years and older with a diagnosis of ischemic stroke or

transient ischemic attack (TIA) with documented permanent, persistent, or paroxysmal
atrial fibrillation who were prescribed an anticoagulant at discharge
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THINGS YOU SHOULD
KNOW ABOUT TRANSIENT
ISCHEMIC ATTACK

What is a transient ischemic 
attack (TIA)?

• TIA occurs when blood flow to the brain is tem-
porarily blocked. Even a brief blockage stops the
brain from working normally and can cause trouble
with the body function controlled by that part of
the brain. 

• Most TIAs last only a few minutes, but can last up
to 24 hours. 

• TIA is sometimes referred to as a “mini stroke” or
“warning stroke.” TIAs are different from strokes
because a stroke damages the brain permanently
and leaves a lasting loss of body function.

Who gets TIA?

Things that increase the chances of TIA include:

• Age older than 50 years

• High blood pressure

• Unhealthy cholesterol levels

• Smoking

• Lack of exercise

• Abnormal heart rhythm called atrial fibrillation

• Personal or family history of cardiovascular disease

• Medical conditions that increase blood clotting or
blood vessel inflammation. 

What are the symptoms?
Symptoms depend on where in the brain TIA occurs,

but they usually occur suddenly, last a short time,
and can include:

• Weakness, tingling, or numbness on one side

• Changes in vision

• Trouble speaking or understanding words

• Trouble walking or clumsiness.

Does having a TIA increase the risk for
stroke?
People who have had a TIA are at high risk for having a

stroke, especially during the first 48 hours after the
TIA. Certain factors, such as high blood pressure,
diabetes, older age, and a TIA that lasts longer than
60 minutes, increase the risk for stroke.

What should you do if you think you
had a TIA?
If you have any sudden symptoms as noted above, seek

medical care immediately. Even if the symptoms
have gone away, it is still important to seek medical
care. You may need treatment, such as drugs to
prevent another TIA or to prevent a stroke.

For More Information
www.nlm.nih.gov/medlineplus/transientischemicattack.html
Information on TIA from the National Institutes of Health

MedlinePlus.
www.ninds.nih.gov/disorders/stroke/stroke_bookmark.htm
Information on stroke risk factors and symptoms from the

National Institute for Neurological Disorders and Stroke.
www.americanheart.org/downloadable/heart/1196965757160Anticoa-
gandAntiplat.pdf
A patient handout from the American Heart Association about

anticoagulants and antiplatelet drugs that are sometimes
prescribed after TIA.
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CME Questions
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An 82-year-old man is evaluated in the
office for an episode of hesitancy in
speech, word-finding difficulty, right
facial droop, and weakness and
awkwardness of the right hand and arm.
The episode occurred early yesterday,
lasted 20 minutes, and was witnessed by
his wife. The patient has a history of
coronary artery disease, hypertension,
and hyperlipidemia. Current medications
are metoprolol, aspirin,
hydrochlorothiazide, and lovastatin. 

On physical examination, temperature is
normal, blood pressure is 148/88 mm Hg,
pulse rate is 70/min, and respiration rate
is 12/min. Neurologic examination
reveals no abnormalities. 

Which of the following is the most
appropriate next step in management?

A. Add clopidogrel
B. Admit to the hospital
C. Order outpatient diagnostic studies
D. Schedule a follow-up visit in 1 week

A 70-year-old woman is evaluated
because of an episode one day earlier of
sudden right arm and leg weakness
along with abnormal speech that lasted
30 minutes. She does not have hyper-
tension, diabetes, or congestive heart
failure. She has a remote smoking history
and well controlled hyperlipidemia. Nine
months ago, she fell after tripping over
her cat but was not injured. Current
medications are aspirin and atorvastatin. 

On physical examination, temperature is
normal, blood pressure is 130/66 mm Hg,
heart rate is 68/min and irregular, and
respiration rate is 16/min. Cardiac exam-
ination discloses an irregular heart rate
with no murmurs, gallops, or rubs.
Neurologic examination findings are
normal.

An electrocardiogram confirms the
presence of atrial fibrillation.

Which of the following is most
appropriate at this time?

A. Aspirin
B. Aspirin plus clopidogrel
C. Aspirin plus extended-release

dipyridamole
D. Clopidogrel
E. Warfarin

A 63-year-old man is evaluated during a
follow-up appointment. One month ago,
he had a transient ischemic attack.
Carotid ultrasound revealed a 60% left
internal carotid artery stenosis, and
transthoracic echocardiogram revealed
left ventricular hypertrophy. He is
currently asymptomatic. He has
hypertension and quit smoking 10 years
ago. He has no history of coronary artery
disease and no family history of
premature coronary artery disease.
Current medications are hydrochloro -
thiazide and aspirin. An LDL cholesterol
level 6 months ago was 138 mg/dL 
(3.57 mmol/L), and he has been
compliant with recommended lifestyle
modifications, including diet and exercise. 

On physical examination, blood pressure
is 132/84 mm Hg. There are no focal
neurologic abnormalities. Fasting lipid
levels are as follows: total cholesterol,
206 mg/dL (5.34 mmol/L); HDL choles-
terol, 50 mg/dL (1.3 mmol/L); LDL
cholesterol, 128 mg/dL (3.32 mmol/L);
triglycerides, 144 mg/dL (1.63 mmol/L). 

In addition to continuing therapeutic
lifestyle changes, which of the following
is the most appropriate management
option for this patient? 

A. Add atorvastatin
B. Add nicotinic acid
C. Change hydrochlorothiazide to

amlodipine
D. Change hydrochlorothiazide to

carvedilol

A 68-year-old man is admitted to the
hospital for evaluation of a transient 
15-minute episode of left facial droop,
slurred speech, and left arm weakness.

Three years ago, the patient had a radical
neck dissection as treatment of head and
neck cancer and subsequently had
radiation therapy. He also has
hypertension and hyperlipidemia and has a
40-pack-year smoking history. Family
history is noncontributory. Current
medications are lisinopril, atorvastatin,
and aspirin. 

On physical examination, temperature is
normal, blood pressure is 156/88 mm Hg,
pulse rate is 88/min, and respiration rate
is 14/min. A right carotid bruit is heard
on auscultation. No abnormal findings
are noted on neurologic examination. 

Results of laboratory studies are normal.

An MRI of the brain reveals a small
wedge-shaped, cortical diffusion–weighted
positive region of signal change occupying
the right hemisphere. A magnetic
resonance angiogram of the neck shows
80% stenosis of the right internal carotid
artery. 

In addition to aspirin therapy, which of
the following is the most appropriate
next step in treatment?

A. Carotid angioplasty and stenting
B. Carotid endarterectomy
C. External carotid to internal carotid

artery bypass surgery
D. Intravenous administration of

heparin

1.

2.

Questions are largely from the ACP’s Medical Knowledge Self-Assessment Program (MKSAP, accessed at 
http://www.acponline.org/products_services/mksap/15/?pr31). Go to www.annals.org/intheclinic/ 

to complete the quiz and earn up to 1.5 CME credits, or to purchase the complete MKSAP program.
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