SPECIAL ARTICLE

Temporary Is Not Always Benign: Similarities
and Differences Between Transient Ischemic
Attack and Angina
Antonio Carolei, MD; Francesca Pistoia, MD, PhD; Simona Sacco, MD;
and J.P. Mohr, MD
Abstract
The introduction of the tissue-based deﬁnition of transient ischemic attack (TIA), according to which
TIA may be diagnosed only in the absence of an infarction on brain neuroimaging, prompts reﬂections about similarities and differences between TIA and angina. Both share transitory symptoms
in the absence of tissue damage, whereas stroke and myocardial infarction are associated with tissue
necrosis. Apart from this, TIA and angina are widely different with respect to pathophysiology, natural
history, prognosis, and response to speciﬁc medical treatments. In general terms, it could be argued
that TIA differs from angina as the brain differs from the heart in structure, physiology, metabolism,
and performance. Most importantly, in TIA and angina, the reversible nature of symptoms cannot be
assumed as a favorable prognostic indicator. In fact, reversibility of stable angina denotes a low-risk
condition, whereas in TIA and unstable angina reversibility may suggest plaque instability and relevant risk of ischemic recurrences.
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T

he revised deﬁnition of transient ischemic attack (TIA) prompts renewed
considerations on the comparability
of TIA and angina.1 The time-based deﬁnition
of TIA of a duration less than 24 hours was
originally proposed because of difﬁculties in
separating seizures, migraine, and other shortduration events before the availability of modern imaging.2,3 It was later replaced by the
tissue-based deﬁnition, according to which a
clinical episode may be diagnosed as a TIA
only if signs of brain infarction, as revealed by
neuroimaging techniques, are excluded.1 Conversely, the evidence of brain damage, irrespective of the duration and persistence of
neurologic symptoms, supports the diagnosis
of stroke.1 Apart from the new deﬁnition, it
may be useful to consider that TIA diverges
from stroke exactly as angina differs from
myocardial infarction. Both TIA and angina
are characterized by transient symptoms in
the absence of tissue damage, whereas stroke
and myocardial infarction are associated with
tissue necrosis. Although intriguing, whether
the comparison is convincing is the subject of
this review.
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DEFINITIONS
Transient Ischemic Attack
One of the ﬁrst descriptions of a TIA was provided in 1841 by the French novelist Stendhal:
All of a sudden I forget all French words
[.]. I watch myself with curiosity: apart
from the ability to use words, I keep all
the natural properties of the animal.
Ideas are ﬁne, but without words. It lasts
eight to ten minutes. Then, slowly, the
memory of words comes back, and I
am tired.4
Brilliantly, Stendhal described the short-lived
speech impairments he repeatedly experienced
before eventually dying of a fatal stroke
(whether from infarction or hemorrhage is unknown). The nature of those events, which
were supposed even then to predispose patients
to major vascular events, was recognized long
before the deﬁnition of TIA was entered into
the medical literature. In 1958, C. Miller Fisher
introduced the term intermittent cerebral ischemia, anticipating the term transient ischemic
attack.5 Both deﬁned a sudden, focal neurologic
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deﬁcit of brief duration, presumed to be of
vascular origin and conﬁned to an area of the
brain or eye perfused by a speciﬁc cerebral artery.
His observations suggested that the duration was
only of minutes, typically 10 to 15. These observations aside, the extension to less than 24 hours
was endorsed by others at the Fourth Princeton
Conference in 1965 and became the deﬁnition
in the National Institutes of Health classiﬁcation
in 1975.6,7 The basis for this time frame deﬁnition was the general agreement (in the period
when modern imaging had not yet had its effect)
that symptomatic duration for 24 hours would
mean a stroke; events resolving before that time
were possibly explained as migraine, seizure, or
other less threatening causes. Despite the deﬁnition of less than 24 hours for TIA, numerous
cases had complete symptomatic resolution
within a day or within 3 weeks, leading to a
plethora of additional deﬁnitions, such as stroke
with full recovery, reversible ischemic neurologic
deﬁcit, prolonged reversible ischemic neurologic
deﬁcit, or protracted TIA.7-9
The time-based deﬁnition was used for
many decades without critical reappraisals for
change in part because of the lack of imaging
for assessment of brain disease. This lack forced
a plan to infer stroke from those with persisting
symptoms. The strength of this clinically based
deﬁnition lay in allowing the inference that TIA
was a fading condition supposed to cause no
damage to the brain parenchyma vs stroke, a
permanent disease caused by tissue necrosis
and leading to a variable degree of neurologic
impairment or death. Indeed, the initial limited
imaging of brain computed tomography (CT),
in the absence of any speciﬁc treatment for
acute stroke, contributed to the long-lasting
use of those criteria. Later, introduction of positron emission tomography and magnetic resonance imaging (MRI) allowed the mapping of
the dark continent, as the central nervous system
was termed.10 Imaging introduced evidence
that clinical syndromes matching the diagnosis
of TIA were not exclusively due to ischemia but
also reported from small hemorrhages; small,
deep infarcts (lacunes); tumors; aneurysms;
and even chronic subdural hematomas.11
New imaging techniques also revealed that
former assumptions of absence of brain damage
in TIA were often in error: using modern
brain CT, up to 20% of the patients clinically
diagnosed as having TIA were found to have
Mayo Clin Proc. n July 2013;88(7):708-719
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evidence of ischemic necrosis of the brain.12-14
The proportion was higher among patients investigated with brain CT and MRI performed in the
same time frame.15-17 Those observations forced
reconsiderations of the accuracy of the timebased deﬁnition of TIA and prompted the need
of introducing a tissue-based deﬁnition.1 Accordingly, TIA was redeﬁned as a transient episode of
neurologic dysfunction caused by focal brain,
spinal cord, or retinal ischemia, with clinical
symptoms lasting less than 1 hour and without
evidence of acute infarction. Conversely, stroke
should be considered in the presence of persistent
clinical signs and neuroimaging abnormalities.1
According to the revised deﬁnition, the only
patients we may diagnose reliably as having TIA
are those without radiologic evidence of cerebral
infarction. Patients who have objective evidence
of brain infarction are reclassiﬁed as having a
stroke, regardless of the duration of their symptoms (Figure). The presence or absence of a cerebral infarction, as revealed by brain MRI,
represents the unique divide among patients
with ischemic symptoms. The tissue-based deﬁnition encourages the performance of brain
magnetic resonance diffusion-weighted imaging
(DWI) sequences to look for early tissue damage, whose absence allows a diagnosis of TIA.
The sensitivity of the DWI-based approach is
demonstrated by the high proportion of DWI
abnormalities in patients with classically deﬁned
TIA. Prevalence rates of DWI abnormalities in
these patients range from 11% to 49%.15-22 In
addition, the proportion of patients with DWI
lesions increases according to the increasing
duration of TIA symptoms, from 30% with
symptoms wearing off within 30 minutes to
71% with symptoms lasting up to 24 hours.23
Some concerns were raised immediately after the tissue-based deﬁnition was tentatively
introduced, fostering an intense debate about
its operational role in clinical practice. The
main argument in favor of the revised deﬁnition
was the more accurate demarcation between patients with and without tissue infarction, which
encourages prompt diagnostic examination
despite symptoms that are supposed to be transient. Arguments against the revised deﬁnition
included the heterogeneous diffusion of brain
MRI, which so far is not available in all centers
and is often not performed on emergency admission, and the reference to the 1-hour temporal
cutoff, which may not always demarcate events
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cord, or retinal ischemia, without imaging evidence of acute infarction.24 These changes
have imposed some major classiﬁcation problems in the conduct of clinical trials for which
neurologic events are not the primary focus.
One result was a proposal to extend the clinical
deﬁnition of TIA to any event clinically resolving
within 72 hours; however, this deﬁnition has
not been accepted. Far from settled, deﬁnitions
of TIA continue to undergo evolution. In any
case, a major beneﬁt of these revised deﬁnitions
has been the adopted practice of assuming,
within the hours after symptoms, that the patient
may have evolving infarction and be eligible for
medical or instrumental efforts at recanalization,
as in cases of coronary heart disease.

Neurological symptoms

Normal neuroimaging

Presence of brain lesion

Transient ischemic attack

Ischemic stroke

Other diseases

Stable Angina and Acute Coronary
Syndromes
Contrary to what has been the case for TIA,
not much has changed over the years in the
deﬁnition and classiﬁcation of angina and
acute coronary syndromes (ACSs). Many of
the clinical features seem similar in duration
and resolution to those of TIA.
The ﬁrst description of a case of chest pain
was reported in the 17th century by Edward
Hyde, a member of the British Parliament and
a writer.25 Talking about his father, he wrote:

Cardiac pain

With precipitating factors

Without precipitating factors

Stable angina

Acute coronary syndromes

Without ST elevation

He was constantly seized on by so sharp a
pain in the left arm for half a quarter of an
hour, or near so much, that the torment
made him as pale as if he were dead;
and he used to say that he had passed
the pangs of death, and he should die in
one of those ﬁts. As soon as it was over,
which was quickly, he was the cheerfullest man living.25

With ST elevation

STEMI

Unstable angina

NSTEMI

NQMI

QwMI

FIGURE. Algorithm for transient symptoms suggestive of transient ischemic
attack or angina. NQMI ¼ noneQ-wave myocardial infarction; NSTEMI ¼
noneST-segment elevation myocardial infarction; QwMI ¼ Q-wave
myocardial infarction; STEMI ¼ ST-segment elevation myocardial infarction.

with and without tissue infarction. A further update was proposed by the American Heart Association/American Stroke Association, which
deﬁnitively abolished any temporal cutoff and
identiﬁed TIA as a transient episode of neurologic dysfunction caused by focal brain, spinal
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A century later this clinical picture was termed
angina pectoris (Latin for strangling, choking)
by William Heberden, who, talking about patients with angina, wrote:
They who are afﬂicted with it are seized
while they are walking with a painful
and most disagreeable sensation in the
breast, which seems as if it would extinguish life, if it were to increase or
continue; but the moment they stand
still, all this uneasiness vanishes.26,27
The transition from rest angina to crescendo
angina is also presaged by Heberden’s words:
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After it has continued some months it
will not cease so instantaneously upon
standing still and will come on not
only when the persons are walking but
when they are lying down.26,27
More recently, it became clear that a wide
spectrum of clinical conditions, including angina,
can reﬂect myocardial ischemia, from stable
angina to myocardial infarction, all of which share
a variable degree of discrepancy between oxygen
need and availability within the cardiac muscle.
Currently, patients with myocardial ischemia
are diagnosed as belonging to 2 main groups,
those with stable angina and those with ACSs,
the last group including unstable angina,
noneST-segment elevation myocardial infarction
(NSTEMI), and ST-segment elevation myocardial
infarction (STEMI). Moreover, STEMI may
include noneQ-wave myocardial infarction and
Q-wave myocardial infarction (Figure).
CHANGING EPIDEMIOLOGY
The epidemiology of cerebrovascular and cardiovascular diseases is constantly evolving
because it is inextricably linked to the changing
pattern and relevance of vascular risk factors
and their management.28 As a consequence of
modern laboratory and imaging efforts in cardiology, there has been an epidemiologic shift
across the spectrum of coronary syndromes.
This transition has been characterized by a
decline in STEMI incidence of approximately
62%,29 with a proportionate increase in the
proportion of patients with NSTEMI.29,30 At
the same time, a reduction in the incidence of
unstable angina has been observed, with incidence rates of stable angina remaining almost
unchanged over the years.31 The introduction
of troponin measurement in the late 1970s,
which allows the diagnosis of coronary syndromes at a much earlier stage, has contributed
to the reported reduction of infarctions associated with electrocardiographic (ECG) alterations (STEMI). Other factors may have had
an inﬂuence, including the progressive aging
of the population (elderly individuals are more
likely to present with NSTEMI than younger
individuals) and the wider use of preventive treatments (antithrombotics, statins, angiotensinconverting enzyme inhibitors, and angiotensin
receptor blockers), which may reduce the risk
of more severe infarcts and of unstable angina
Mayo Clin Proc. n July 2013;88(7):708-719
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by promoting coronary plaque stabilization.31
A decrease in cardiac mortality in the past decades has also been reported.32,33 The overall
mortality rate decreased by approximately 59%
in recent years,32 with in-hospital and 30-day
mortality rates being reduced by 14% and
15%, respectively.33 The shift from more severe
to less severe manifestations of ACSs together
with advances in medical, endovascular, and
surgical treatments has certainly contributed to
reducing mortality and improving outcomes.
Similar to what has been observed for coronary syndromes, TIA is currently undergoing an
epidemiologic transition. As previously noted,
the adoption of a tissue-based criterion prompted the reclassiﬁcation of some ischemic events:
if a tissue injury is present, events previously
diagnosed as TIA were necessarily reclassiﬁed
as ischemic strokes. The magnitude of the epidemiologic shifting in the incidence of TIA and
stroke is changing current data in epidemiology.
The reclassiﬁcation of cerebral ischemic events
also inﬂuences estimates of prognosis: when
adopting the tissue-based criterion a change occurs in diagnosis across groups. Patients who
would have been previously diagnosed as having TIA move from the TIA group to the stroke
group if neuroradiologic signs of acute infarction
are detected. This transition reduces the proportion of patients with stroke and permanent
disability and, at the same time, causes the withdrawal from the TIA group of patients with
infarction and a higher risk of subsequent
stroke.34 Therefore, the effect of reclassiﬁcation
on prognosis is paradoxical (the so-called Will
Rogers phenomenon) because it results in an
improved prognosis in both groups.34
Our knowledge about the mechanisms and
the course of diseases may vary as a function of
the adopted criterion in clinical studies. Findings from the Carotid Revascularization Endarterectomy vs Stenting Trial (CREST), which
compared carotid artery stenting vs endarterectomy for the treatment of symptomatic stenosis, could have been different if a tissue-based
rather than a merely clinical criterion had
been adopted for the diagnosis of stroke.35
The troponin biomarker evaluation was
accepted as a sufﬁcient marker for myocardial
infarction, but brain magnetic resonance DWI
abnormalities were not accepted as signs of
stroke unless patients had focal neurologic
symptoms. Had magnetic resonance DWI signs
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been accepted, wider attention might have
been given to periprocedural strokes.35
All these observations suggest the necessity
of reviewing the epidemiology of stroke and
TIA in light of the revised criteria to differentiate when TIA represents a low-risk vs a
high-risk condition, depending on its clinical
characteristics and culprit lesion, and to better
deﬁne the prognosis. In fact, studies based on
revised criteria suggest that TIA carries a risk
of early stroke that is lower than that expected
(risk at 7 days, <1%), but, at the same time,
they recognize that, in selected cases, TIA should
sound as an alarm, especially in the presence of
unstable and vulnerable plaques.36,37
SIMILARITIES AND DIFFERENCES
Pathophysiology
The maintenance of an adequate energy supply
is critical for the normal functioning of heart
and brain even if energy demand is differently
satisﬁed by the two organs. The increased energy demand is counteracted by the autoregulation of blood ﬂow (vascular reserve) in the
heart and by the combination of autoregulation and increased oxygen extraction (metabolic reserve) in the brain.38,39 This is the
consequence of different oxygen extraction
rates at rest in the heart (75%) and in the brain
(40%). When vascular and metabolic reserves
fail or are depleted, ischemic symptoms arise.
Symptoms of myocardial ischemia may arise
after physical exertion only as in stable angina
or in rest conditions as in unstable angina and
myocardial infarction.
Patients with stable angina usually have a
nonvulnerable obstructive coronary lesion,
which rarely encounters ulceration and superimposed thrombus formation and has a low
tendency to embolize.40,41 However, during
an effort-based increase in oxygen demand,
the lesion interferes with the vascular reserve
and hinders the maintenance of adequate
levels of oxygen in the bloodstream. Patients
become familiar with the level of exertion
that induces angina and learn to control it by
modulating their physical efforts.
In contrast, patients with unstable angina and
myocardial infarction usually have vulnerable
plaques, which are liable to unpredictable complications, such as rupture, erosion, or hemorrhage.42 These lesions may cause unpredictable
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ischemic symptoms as a result of a sudden reduction of coronary blood ﬂow.42 Indeed, if the condition of hypoperfusion is severe, symptoms of
myocardial ischemia may be associated with
signs of tissue necrosis, revealed by elevations
of troponin and creatine kinase MB (CK-MB)
without ECG changes (as in NSTEMI) or their
combination (as in STEMI).
Transient ischemic attack may be caused
by the migration of emboli from the brainbound arteries or from or through the heart
into the cerebral circulation or, as an alternative mechanism, by a hemodynamic failure
due to a critical arterial narrowing by an
atherosclerotic plaque.43 The ﬁrst mechanism
is widely considered to account for most
TIAs. Recurrent TIAs with a repetitive clinical
pattern are considered to be the result of hemodynamic mechanisms, whereas isolated attacks are more frequently associated with a
thromboembolic mechanism.43 Similar to
what was found for unstable angina and
myocardial infarction, TIA occurs unpredictably, as unpredictable is the occurrence of future ischemic events.
Pathophysiologic similarities between TIA
and angina also involve molecular and metabolic changes at the cellular level where perfusion is impaired and causes anoxia.
In the heart, a shift from aerobic metabolism
to anaerobic glycolysis is observed with the
consequent intracellular increase of lactate and
hydrogen ions and the reduction of adenosine
triphosphate.44 These modiﬁcations lead to
metabolic acidosis, cytotoxic edema, and alterations of ionic gradients. The result is loss of
cellular function, leading to the reduction of
effective contraction, which may be reversible if
the original perfusion and aerobic metabolism
are promptly restored.44 Reperfusion is characterized by reactive hyperemia, production of
oxygen-derived free radicals, mitochondrial
swelling, reduction of lactate, restored adenosine
triphosphate synthesis, and pH normalization.44
The result is a restoration of contractility, even if
prolonged regional wall motion abnormalities
may seldom persist. In fact, when reperfusion occurs within 20 minutes, myocardium is stunned,
with temporary contractile failure even though
alive and again aerobic.44,45 Moreover, the tissue,
preconditioned by the previous ischemia, is
more likely to tolerate further ischemic events.44
Conversely, in response to more prolonged or
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chronic anoxia or to multiple episodes of stunning, a condition of hibernating myocardium
may develop, characterized by an adaptive
reduction of the contractile function to temporarily maintain myocardial integrity and
viability.46,47 Both myocardial stunning and hibernation may be associated with angina and
ACSs. Indeed, the phenomenon of ischemic preconditioning may favor the adaptation to exercise of patients with ﬁrst-effort or warm-up
angina.48
In the brain, similarly to what is observed in
the heart, impaired perfusion causes both
reversible and irreversible damages. Two critical
perfusion thresholds are identiﬁed: one for
reversible functional failure (denoting ischemic
penumbra) and the other for irreversible energy
failure and structural damage (denoting ischemic core).49 If the blood ﬂow is restored at
a sufﬁcient level and within a suitable time window, cerebral areas in ischemic penumbra may
recover without residual morphologic damage.49 The brain ischemic cascade involves
sodium-potassium pump failure, increase in
intracellular calcium, depolarization, spreading
depression, generation of oxygen-derived free
radicals, blood-brain barrier disruption, cytotoxic edema, inﬂammation, and apoptosis.50
Magnetic resonance DWI identiﬁes hyperacute
alterations, including cytotoxic edema, within
the ﬁrst minutes of ischemia. Delayed modiﬁcations, including the increase of cytotoxic edema
and intracellular Ca2þ, the activation of enzyme
systems, and the damage of cell membranes,
lead to cell death and produce signs that may
be recognized on standard brain MRI within
12 to 24 hours.50
Finally, the presence of a preconditioning
effect, resulting in a greater tolerance to
ischemia, has been hypothesized also in the
brain. Mechanisms of preconditioning are
mainly based on the inhibition of apoptosis,
the reduction of excitotoxicity, and the activation of endogenous antioxidant systems. However, whether ischemic tolerance might be
induced by a preceding TIA is still the object
of debate.51
Clinical Features
Angina and TIA share reversibility as a common
clinical feature, but apart from this, clear-cut differences are recognizable. Angina commonly reveals itself through pain or angina-equivalent
Mayo Clin Proc. n July 2013;88(7):708-719
www.mayoclinicproceedings.org

n

symptoms, including exertional dyspnea, diaphoresis, and fatigue, whereas TIA is characterized by focal neurologic symptoms. Pain in the
form of a local headache is known to occur
with balloon inﬂation during embolization therapies when the particle (or balloon) is large
enough to stretch pain-sensitive structures but
is not expected in TIA.52,53 Patients with angina
usually experience pain without decreases in
heart performance, unless arrhythmias or stunning and hibernation phenomena occur,
whereas patients with TIA may experience
symptoms such as hemiparesis, paresthesias,
numbness, dysarthria, aphasia, vision loss, vertigo, and imbalance, depending on the affected
arterial territory.43
Contrary to what is commonly observed in
thromboembolic TIA, symptoms of hemodynamic TIA may provide guidance for the identiﬁcation of the underlying lesion. In fact,
hemodynamic TIA usually reveals recurrent
clinical manifestations that suggest the progressive narrowing of a speciﬁc artery by an
atherothrombotic plaque.43 Transient visual
loss and limb shaking are speciﬁc indicators
of severe carotid occlusive disease, whereas
isolated vertigo, dysarthria, and diplopia may
presage a vertebrobasilar artery occlusion. In
these cases, preceding transient symptoms
need to be promptly recognized to plan recanalization in the attempt to prevent more
notable ischemic events.43,54,55
The duration of symptoms in TIA and
angina, long considered different, have some
similarities. Angina generally resolves within a
few minutes. A TIA may also be brief, with
symptoms subsiding within minutes, but those
lasting up to 20 to 30 minutes are longer than
from angina. The mean frequency of stable
angina is approximately 2 episodes per week
per patient, whereas the occurrence and recurrence of unstable angina and TIA are unpredictable.40,43 The circadian rhythm of angina and
TIA also have some similarities because their
occurrence is greatest in the morning, during
the ﬁrst few hours after awakening.40,56 Indeed,
contrary to what is observed in TIA, some patients with chronic stable angina may experience
episodes of asymptomatic ischemia as revealed
by exercise testing and ECG monitoring.40 Modiﬁcations of the angina threshold, as frequently
observed in patients with diabetes mellitus, account for many of the silent manifestations.40
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Additional differences between TIA and
angina include the speciﬁc action of precipitating factors and the inﬂuence of comorbid
conditions. The relationship between the presence of precipitating factors, including physical
exertion and intense emotional involvement, is
more evident for stable angina than for ACSs.
However, it is generally agreed that the effect
of such factors may also be cumulative, so a series of triggers, each of which is not strong
enough to induce an ACS, might collectively
be able to do so.57 Precipitating factors may
act by increasing the oxygen demand or causing
a sympathetic overtone. They may induce transient physiologic changes, such as an increase
in arterial pressure or coagulability, which, in
the presence of a vulnerable coronary artery
plaque, may contribute to angina, myocardial
infarction, or sudden cardiac death.58 Moreover,
the presence of comorbid conditions, including
anemia, hyperthyroidism, and hemorheologic
alterations, may inﬂuence the clinical course of
TIA and angina.59,60 Finally, angina may be
rapidly relieved by nitroderivatives, whereas
there are no speciﬁc drugs to selectively reverse
TIA symptoms.
Diagnosis
The diagnosis of stable angina is based on the
presence of chest pain, ECG changes, and the
exclusion of pathologic elevations in cardiac
biomarkers. Angina is deﬁned as typical when
all diagnostic criteria, including the presence
of substernal chest pain, the induction by exertion or emotional distress, and the remission
with rest or nitroderivatives, are satisﬁed.
Conversely, angina is deﬁned as atypical when
only 2 of these criteria are fulﬁlled. The likelihood of an underlying coronary artery disease
is high when clinical criteria are entirely fulﬁlled. However, the clinical diagnosis may be
supported by additional tests to identify a condition of inducible ischemia, which is the pathophysiologic substrate of stable angina. Such
tests may identify a cascade of ischemic abnormalities underlying angina, including ECG abnormalities revealed by exercise ECG testing,
perfusion defects, and signs of diastolic and
systolic dysfunction revealed by single-photon
emission CT, MRI, contrast echocardiography,
and exercise echocardiography. Invasive coronary angiography and multisection CT coronary angiography are indicated in selected
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cases to verify the location of coronary artery
disease and to quantify its extent. Highresolution coronary MRI may provide qualitative information about the plaque characteristics in terms of vulnerability, proneness to
rupture, and thrombogenicity. Lastly, coronary
artery calcium score may further help to reﬁne
the risk stratiﬁcation of patients.61
The diagnosis of unstable angina is based on
the recognition of 3 possible clinical scenarios,
including chest pain at rest, new-onset (<2
months) exertional angina causing severe limitations in daily activities, or recent acceleration
(<2 months) of angina, as identiﬁed by a worsening in the Canadian Cardiovascular Society
Classiﬁcation.42,62 Although the diagnosis is
merely clinical, some patients with unstable
angina may present with dynamic ECG changes
(ST depression) indicative of transient ischemia
or with a slight increase in cardiac biomarkers
that are below the decision level for myocardial
infarction.42 Indeed, one-third of patients with
a diagnosis of unstable angina have minor myocardial damage, as suggested by elevations in
troponin in the absence of CK-MB changes.42
Finally, a myocardial infarction is diagnosed
when signs of tissue injury are detected in
the clinical setting of acute ischemia. Stable
elevations in cardiac biomarkers (troponin, CKMB) and ECG changes (ST-segment elevation,
T-wave inversion, abnormal QRS pattern) indicate myocardial necrosis. In STEMI the extent
of the injured tissue may be estimated from the
ST-segment deviation score.63 The higher the
ST-segment deviation score, the larger the
injured area.42 In addition, ECG may suggest
the site of the occlusion in the coronary district,
thus indicating the more appropriate management. However, not all patients with myocardial
necrosis have abnormalities on ECG; consequently, the presence of normal ECG ﬁndings
does not rule out the diagnosis of myocardial
infarction.64 Hence, sensitive cardiac markers
are useful because they enable the early detection
even of a myocardial necrosis too small to be
associated with ECG changes. In unstable angina
and myocardial infarction, the initial diagnosis
may be supported by additional tests to recognize regional wall motion abnormalities
(echocardiography) and the presence of an
underlying coronary artery disease (conventional angiography, CT coronary angiography, and high-resolution MRI).
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The diagnosis of TIA is based primarily on
the clinical interpretation of transient symptoms and signs.65 In contrast to exerciseinduced cardiac angina, the TIA event is rarely
associated with activity and its duration not
related to rest. Yet, the usual lack of relation
to exercise appears more a sign of the availability of extensive collateral brain vessels in support of those threatened with ischemia. Efforts
to identify examples of brain angina have
rarely succeeded. The examples are almost
entirely conﬁned to the population with severe
bilateral carotid stenosis or occlusive disease,
in which expected collaterals from healthy
adjacent territories are not available. Early efforts to trigger a TIA by deliberate transient
hypotension via tilt-table tests and the like
proved disappointing66 and helped pave the
way for the acceptance of embolism for most
cases. However, only limited knowledge exists
on the extent of the vascular disease during
life. In modern settings, intervention is typically
applied before vascular disease has reached
extreme states, but a few patients have been
described whose compensatory collateral is
fully developed, and symptoms can be provoked by exercise of hyperventilation.3 Such
syndromes are well known in a setting of
moyamoya, which came to clinical attention
when young children with the disease became
weak, then paralyzed by crying, and recovering
within minutes when calmed.67,68
The clinical diagnosis of TIA is more challenging compared with the diagnosis of angina,
and there is often disagreement about whether a
given patient had a TIA or not. This is mainly
because there are many conditions that may
mimic TIA.43,69 This is not the case for angina,
which has fewer mimickers than TIA, so that
the diagnosis is more straightforward. However,
prompt brain neuroimaging with CT or MRI can
eliminate the presence of other clinical conditions that may masquerade as a TIA, as well as
revealing the presence of any area of cerebral
infarction indicative of a stroke.70 Additional examinations may provide information about the
mechanism responsible for transient symptoms.
Critical narrowing of the large arteries may be
detected through ultrasound scanning of carotid
and vertebral arteries and transcranial ultrasonography. Both CT and MRI angiography may
add accuracy to extracranial and intracranial
plaque characterization. Lastly, cardioembolic
Mayo Clin Proc. n July 2013;88(7):708-719
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diseases may be recognized through ECG or
transthoracic and transesophageal echocardiography. Contrary to what is commonly observed
in ACSs, laboratory markers of brain necrosis,
which should identify even a microscopic cerebral damage, are not currently available. The
absence of biomarkers of the acute ischemic process does not allow attaining the divide between
ongoing cerebral infarction and resolving cerebral dysfunction.
Natural History and Prognosis
The natural history and prognosis of stable
angina, ACSs, stroke, and TIA are strictly
linked with the characteristics of the underlying vascular disease.42,43 In stable angina, periodic health checkups, appropriate lifestyle
behavioral strategies, and medical treatments
to contain vascular risk factors and to prevent
precipitating events may be sufﬁcient to
reduce the risk of further complications. This
is not the case for ACSs and TIA for which
the absence of clearly recognized precipitating
events hinders patients from controlling their
risk and adopting behavioral strategies to
avoid any recurrence of the attacks.
Therefore, if a prognostic comparison between TIA and manifestations of myocardial
ischemia has to be made, the most reliable one
is that between TIA and unstable angina. In
both cases, a condition of ischemia that rapidly
resolves may be a marker of hemodynamically
important stenosis or plaque instability and
could be taken as an indicator of a worse prognosis. However, some differences in the clinical
course and natural history of the 2 diseases
should be recognized based on the organs
involved. Sudden death is more common in unstable angina than in TIA because unstable
angina may predispose patients to fatal arrhythmias, which may abruptly interfere with cardiac
performance and impair survival. Conversely,
TIA reﬂects disease of a different organ system
and is not directly a cause of a sudden death,
even if it may predispose patients to further
ischemic events and may potentially reduce life
expectancy. The occurrence and timing of recurrent ischemic events are also different for TIA
and angina. Myocardial infarction after stable
angina is relatively frequent, especially in the
presence of old age (hazard ratio, 1.45), smoking
(hazard ratio, 1.39), diabetes (hazard ratio,
2.62), previous stroke (hazard ratio, 1.50), and
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blood ﬂow pattern and is associated with a
higher risk of stroke.79-81

TABLE. Predictive Variables in ABCD2 and TIMI Score
ABCD2 score

TIMI score

Age 60 years or older
Age 65 years or older
Blood pressure 140/90 mm Hg At least 3 risk factors for coronary artery disease
Clinical features of TIA
Prior coronary stenosis of 50% or more
Weakness
Speech impairment
Duration, min
ST-segment deviation on ECG at presentation
60
10-59
Diabetes
At least 2 anginal events in prior 24 hours
Use of aspirin in prior 7 days
Elevated serum cardiac markers
ECG ¼ electrocardiography; TIA ¼ transient ischemic attack; TIMI ¼ Thrombolysis In Myocardial
Infarction.

positive coronary angiographic ﬁndings in multiple districts.71 The risk of death or myocardial
infarction after unstable angina is higher, especially when a pattern of myocardial necrosis,
revealed by an increase in troponin, is immediately recognized (hazard ratio, 10.6 at 30
days and 3.7 at 2 years).72,73 Myocardial
infarction after unstable angina may frequently occur within a short time from the index event, whereas stroke after TIA is usually
more delayed. The risk of stroke after a classically deﬁned TIA is more than 10% in the
90 days after the event, with half of the strokes
occurring within the ﬁrst 2 days.74,75 However, the risk of stroke after a TIA decreases
signiﬁcantly in tissue-based studies, revealing
a 7-day stroke rate of approximately 0.4%
and a 90-day stroke rate of approximately
1.2% in tissue-negative patients.36
Clinical scores for risk assessment at presentation have been developed for both TIA and
ACSs. The most reliable ones are the ABCD2
score, which predicts the risk of stroke after a
TIA, and the Thrombolysis In Myocardial
Infarction risk score for angina, which predicts
the risk of death and ischemic events after ACS
(Table).76,77 As a result of the increasing use of
the tissue-based deﬁnition of TIA, the ABCD3
score, also incorporating the parameters of TIA
together with brain and carotid imaging criteria,
has been recently proposed to further reﬁne risk
stratiﬁcation.78,79 Advantages of including carotid imaging criteria into the risk stratiﬁcation
model are clear, considering that even a carotid
bruit in asymptomatic patients is a clue of altered
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Therapy
Therapeutic targets of angina include limitation
of the number, severity, and consequences of
pain attacks, protection against future potentially
more lethal ischemic syndromes, and reduction
of the risk of progressive atherosclerosis.40,41
Treatment strategies include the reduction of
vascular risk factors, the prevention of myocardial
infarction through antithrombotic agents, and
the stabilization of vulnerable plaques through
statins, angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers. bBlockers and calcium antagonists are also
used to reduce myocardial oxygen consumption and to improve cardiac performance.
Finally, nitroderivatives are used to reverse
acute symptoms because of their ability to
reduce myocardial oxygen consumption and
improve perfusion. When a myocardial infarction occurs, thrombolysis or myocardial revascularization through percutaneous coronary
intervention or coronary artery bypass graft
surgery is recommended.
Therapeutic interventions in the management of TIA are more limited. Therapy with
antithrombotics has to be promptly started
to prevent a further TIA or stroke. Statins,
angiotensin-converting enzyme inhibitors, and
angiotensin receptor blockers may be used to
stabilize vulnerable plaques and to improve the
long-term prognosis. Indeed, the patient may
undergo carotid endarterectomy or endovascular treatment if a relevant stenosis is detected.
Unlike in the case of angina, no treatments are
available that can accelerate the remission of
the acute symptoms of TIA. When a stroke
occurs, thrombolysis is recommended within
3 to 4.5 hours from onset, whereas endovascular
revascularization strategies, despite their implementation, still represent off-label procedures
currently under investigation.
CONCLUSION
The absence of tissue damage and the reversibility of clinical symptoms account for most
of the similarities between TIA and angina.
Stable angina sounds as a claudication of the
heart, as it occurs during activity and it is
relieved by rest. It represents a warning to
the patient to stop activities that may cause
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further ischemic damage. Although the same
could exist for TIA, most such events occur
without pain and usually without precipitating
factors.
Although TIA and angina share some clinical features, they are, from a pathogenic
perspective, a long way apart. Their natural history and prognosis, as their response to speciﬁc
medical treatments, are extremely different. In
general terms, TIA differs from angina as the
brain differs from the heart in structure, physiology, metabolism, and performance.
Most importantly, the reversible nature of
each of these distinctive symptoms is not a
favorable prognostic sign. Reversibility of stable angina denotes a low-risk condition,
whereas, in unstable angina and TIA, reversibility may, in some cases, suggest plaque
instability and denote a bad prognosis. In
any case, transitory should not be taken to
mean benign. As evidence of this we should
remember that in one of his last publications,
C. Miller Fisher argued that TIA [like angina]
should “sound an alarm.”43
Abbreviations and Acronyms: ACS = acute coronary syndrome; CK-MB = creatine kinase MB; CT = computed tomography; DWI = diffusion-weighted imaging; ECG =
electrocardiography; MRI = magnetic resonance imaging;
NSTEMI = noneST-segment elevation myocardial infarction; STEMI = ST-segment elevation myocardial infarction;
TIA = transient ischemic attack
Correspondence: Address to Francesca Pistoia, MD, Department of Neurology, University of L’Aquila, 67100 L’Aquila, Italy
(francesca.pistoia@univaq.it; pistoiafrancesca@hotmail.com).
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