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During myocardial ischemia, an imbalance occurs

;;;;.o Lyocardial oxygen supplv and demand'

B.""rrr. the heart is an aeiobic organ and relies almost

.".frrsi"efy on the oxidation of substrates for the gen-

eration of energy, rt can develop only a small oxygen

debt. The common clinical condition associated with

anaerobic metabolism is an uncomfortable sensation in

tfre chest, usually brought on by effort' called angina

il;;i.;ying problem is usually disease of the coro-

nary artefies or coronary atherosclerosis.in which an

abnormal narrowing of tbp coronary arteries decreases

;.;iil s.rppty to-tht ttiyotardium to cause ischemia'

Thus, the oxygen supply to the myocardial cells also

falts, wlth anairolic giycolysis and lactate production'

iraditionat objectivi 
'methods 

used to determine

;;;-;;;;;;.e of lschemic heart disease include the

*."r*.rn.nt of metabolic products in the coronary

yenous drainage and contrast coronary angiography'

Noncatheter i?atro methods to detect ischemic heart

Oit."t. O.p.nd on determinations of the consequ€nces

oi^it.t oi.gional coronary blood flow such as reduc-

tion in ventricular function or electrocardiographic

changes from rest t; sffess (Figure 9-1)' In additioll

to electrocardiograms acquired at rest and during

stress,severalcardiacimaglngtechniquesareroutinely
used in clinical Practice'*-S.;t. 

the obiective demonstration of ischemia

Uv .t..tro.ardiograms or cardiac imaging is - associ'

;;.i;i;-; se"i[.untrv higher patient morbiditv and
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mortality, the cellular basis of ischemia will be

r.oie*.d, and then the noninvasive techniques cur-

;;ttiy 
-ivailable 

for evaluating patients with pos-

sibte'ischemic heart disease will be outtined' The

focus will be on the detection of ischemic heart dis-

easeandthedeterminationofmyocardialviabil ityand
prognosis. , I

MYOCARDIAL ISCHEMIA

In the heart, increased oxygen demands must be rnet

A*o* entirely by increased coronary flow' The con'

tracti lefunctionofmyocardialcellsbecomesimpaired
ilri-rrg an isctremlc insult lasting as little as 1 to 2 sec-

onds, because anaerobic meiabolism cannot ade-

q"",.fy satisfy the metabolic demands of heart cells'

and the heart cannot incur an oxygen debt' The detri-

* . r r t " te f fectsof ischemiaareusual lyrevers ib le 'but
,fr.f p.ti"Os of ischemia as short as 20 to 40 minutes'

necrosis of myocardial tissue results' Most of the

myocardial cell;s energy use goes to maintain the con-

tractile stat€. If .rr.rg/it 
"ot 

iottst"tttly Jeplenished by

oxidative metabolism', energy stores will fall' metabolic

bv-oroducts accumulate,-and contractile activify

il"#;. ;h;;;h,;;hnicallv dirricult' direct serial

t issuemeasurementsofmyocardialenergystores(cre-
^ii* pftotphate and adenosine triphosphate) can pro-

vide a sensitive guide to the presence or absence of

ischemia. Other less direct *tt"bollt measures of

it.tt.tni" include local Pcor, lactate production' lac-

iuritpyruu^te ratio, potassirim release' or phosphate

release. HoweYer, 
"io" 

-tutttrements that require

*yo.urOiuf sampfnj can only be used in experimental

animals. Clinically, measurements of metabolites in

;;t;;;ty sinus biood require cardiac catheterization

"tO 
.""'n. altered by conditions- other than ischemic

heart disease, wn#fr makes direct evaluation of

;;;;i"t metabolism generally impractical in

humans.
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II-G-UR-E 9-1 . Schematic diagram of the cascade of phvsiological events during m,vocardial ischemia and the imaging correlates. Abn, abnormalities;
ECG, electrocardiogram; Il! left ventricle; MRI: magnetic resonance imagilg: RVG, radionuclide ventriculoiraphy; TT, transthoracic; TE, rrans-
esophageal;Vest, ambulatory radionuclde ejection f'raction.

NON I NVASIVE EVALUATION

Exercise Testing
Electrocardiogram

The pioneering work started bv Master has led to an
established role for the electrocardiogram-monitored
exercise-stress test in the evaluation of ischemic heart
disease. There are reports that question the usefulness
of exercise testing, especially in populations in which
ischemic heart disease would be expected to have a
low prevalence. Nevertheless, dynamlc exercise-stress
testing supplies information useful for evaluating the
predisposition to ischemia during normal daily activiry.
Most of the published reports in this field support the
conclusion that ischemic heart disease is oresent when
qvpical angina and reversible ST depressibn occur dur-
ing a stress test.r In addition, a multifactor analysis
of the entire stress test findings can improve the over-
all accuracy of an exercise eraluation and estimate
prognosis.

The sensitiviry of electrocardiographic testing for
detecting coronary artery disease has in large part been
based on the tindings noted on coronart/ angiography.
There are several potential problems with this analysis:
(1) the presence ofarterial stenoses does not necessarily
imply that a region of myocardiai tissue is ischemic, but
rather that there is a potential for the attenuation of
regional coronary reserve capacitv; (2) electrochemical
changes (ST depression) may not occur until the con-
tractile state is akeady impaired, which suggests that a
certain level of cellular ischemia must be reached before
clinically apparent electrocardiographic changes; and (3)
the effect of coronary collateral flow supplv to the
myocardium distal to a stenosis and the extent of small
vessel disease is difficult to interpr€t. Therefore , one can
conclude that in patients with angiographic coronary
stenoses, the sensitivity of electrocardiographic evidence
of ischemia ranges ftom 49% to 8O%, and the specificity
of this test is 41o/o to 95% (when 1 mm of ST depression
was defined as a positiye result).

lmaging
There are certain factors such as abnormal resting elec-
trocardiogram, prior myocardial hfarction, hyperventila-
tion, neurasthenia changes, drug intake, and left
ventricular hypertrophy that can make electrocardio-
graphic interpretation difficult. It is in these more diffi-
cult cases and in patierrts with intermediate risk factors
that noninvasive cardiac imaging can provide much
greater diagnostic information.

The sequence of events occurring during the genesis
of regional mvocardial ischemia (Figure 9-l) emphasizes
the concept that regional abnormalities in myocardial
perfusion comprise a continuum from minor relative dif-
ferences in flow without metabolic or regional functional
consequences to the full expression of myocardial
ischemia with systolic and diastotc dysfunction, electro-
cardiographic signs, and angina. Seminat studies of coro-
nary blood flow in the eady 1970s demonsrated that
whereas a diameter stenosis of approximately 80% to
90% was necessary to induce a detectable regional coro-
nary flow abnormality at rest, a stenosis on the order of
approximately 5O% diameter narrowing would result in
regional flow disturbances during pharmacologically
induced h,vperemia. Radionuclide techniques evaluated
myocardial perfusion and have been widel_v applied in
the stud,v of coronary blood flow in humans during
stress. The concepts derived in animal models regarding
the degree of stenosis required to induce a physiological
flow abnormality during hyperemic stress were applied
to.radionuciide perfusion imaging studies, so that a 50%
diameter stenosis on a coronary angiogram became the
"gold standard" against which myocardial perfusion imag-
ing was often tested. Other imaging modalities, including
echocirdiography and cardiac magnetic resonance imag-
ing, are also being used to evaluate myocardial perfusion
and with more widesprcad avarlability could reach the
large population now being served with radionuclide
techniques.

After perfusion imaging started, the abiliw to evaluate
regional and global systolic ventricular myocardial func-
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tion became available with the use of exercise radionu-
clide angiography, echocardiography, and, mole recently,
magnetic resonance imaging. These techniques were
also applied to the study of patients with known or su$
pected cofonary disease to find a noninvasive diagnostic
modality that would also be more efficacious than an
exercise electrocardiog;ram. This is accomplished by
measuring a physiological parameter that occurs eadier
in the sequence of events after a regional supply/ demand
imbalance than the ischemic ST depression detected by '''

electrocardiography or by symptoms of angina.
Conceptually, on the basis of the cascade of myocar-

dial cellular dysfunction, myocardial perfusion imaging
should be the most sensitiye technique to detect the
presence of an epicardial coronary stenosis, with the
study of stress regional wall motion abnormalities the
next most sensitive, and exercise electrocardiograms the
least sensitive. To some degree, this is reflected in
numerous studies evaluating the sensitivities for detect-
ing coronary artery disease and particulady the findings
in several studies that myocardial perfusion imagrng
detects coronary disease more efficiently at lower work-
loads than functional imaging or exercise electrocardio-
graphy. Furthermore, positron emission tomographic
GET) techniques are likely to be the most sensitive,
because absolute values of regional coronary flow
reserve can be quantitated, presumably detecting more
modest heterogeneities in regional flow during a hyper-
emic stress.

DETECTION OF CORONARY ARTERY
DISEASE

Identification of traditional and newer risk factors for
coronary artery disease is the first step in the evaluation
of an individual's risk for having coronary artery disease.
Those include advanced age and male gender, hyperten-
sion, hypercholesterolemia, famiy history of coronary
artery disease in flrst-degree relatives younger than the
age of 60, diabetes mellitus, smoking, obesity, sedentary
Mestyle, and elevated homocysteine. Various clinical pre-
diction models can be subsequently applied to further
stratify patients into- low, intermediate, and high risk for
future cardiac events, including cardiac death and nonfa-
tal myocardial infraction on the basis of these risk fac-
tors. A modified version of the Framingham risk score
has been incorporated into the Third Report of the
National Cholesterol Education Program (NCEP
Guidelines) to estimate the 1O-year risk for coronary
artery dis,ease developing. 2

Although it is well recognized that sensitivity and
specificity define the quality of a diagnostic test, the
result cannot be satisfactory interpreted without addi-
tional knowledge of the prevalence of disease in a given
population. Defining the pretest likelihood of coronary
artery disease in a certain indMdual and determining the
posttest probability aftet a po-sit"ive or negative result is a
key feature and is based on the concepts included in
Bayes'theorem of conditional probability, and it is now
well appreciated that cardiac imaging is of particular
importance in patients at intermediate risk (those \ /ith

pretest probability between 2O% and 80%o), because a
positive or a negative result influences further treatment
decisions.

The decision to perform a stress test to obtain diag-
nostic andlor prognostic information in patients with
chronic stable angina has been carefrrlly reviewed in
ACC/AHA guidelines.3 There ate also ACC/AIIA
Guidelines for exercise testingl and for the clinical use of
radionuclide imaginga and prognostic risk indices devel-
oped for stress echocardiography.5 There is also an
expert consensus document concerning electron-beam
computed tomography (TBCT) for the diagnosis and
prognosis of coronary artery disease.b In general, these
guidelines strongly recommend an imaging study as part
of the evaluation in patients who are unable to exercise
and in those with baseline electrocardiographic abnor-
malities (preexcitation,paced ventricular rhfhm, >1 mm
of resting STsegment depression, complete left bundle
branch block). The use of digoxin or the presence of
left ventricular hypertrophy also decreases the speci-
ficity of exercise testing, whereas sensitivity may remain
unaffected. Several other subsets of patients benefit
incrementally with the use of cardiac imaging. Those
groups involve patients with prior myocardial infarction,
revascularization procedures (coronary afiery bypass
grafting ICABGI or percutaneous transluminal coronary
angioplasry [PTCA]), known significant disease (for iden-
tificatien,of the "culprit" lesion causing ischemia), dia-
betes, and patients with a previous positive imaging
study @ox 9-1). At present, there are no specific guide-
lines for cardiovascular magnetic resonance (CMR) imag-
ing, but information on this technique is included in this
chapter for general information purposes and the expec-
tation that this technique will play a more important role
in routine clinical cardiology practice.

EBCT
The early detection of coronary atherosclerosis would
seem desirable particularly among selected individuals

I S

. complete left bmdle-branch block

. Electronically paced ventricular rh)4bln

. Preexcitalion (Wolff-Parkinson-white) syndrome or other, similar electro-

cardiographic abnormalities
. More thm 1 mm of ST-segment depression at rest
. Inabiliry to exefcise to a level high enouglt to give meaningit results on

routine stress electrocardiography'
. Angtna and history ofrevmcularizationt

'Fatients 
with this factor should be considered for pharmacological stress

tesls.
tln patients with angina and a history of remscularizatioo, chfficterizing the

ischemia, establishing the functional effect of lesions, and determining

myocardial viabiliry are importmt considerations.
Adapted from Gibbons RL Balady GJ,Timothy Brickerj, et al. ACC/AHA 2002

guideline update for exercise testing: summary article A repon of the

American college of Cardiology/American Heart Association Thsk Force on

Practice Guidelines (cornmiftee to Update rhe 1997 Exercise Testing
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