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Risk Assessment by Myocardial Perfusion
I maging for Coron ary Revascu la rizatior,
Medical Ther?py, and Noncardiac Surgery
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Stress myocardial perfusion imaging (MPl) has become an important tool in risk
stratification of patients with known coronary artery disease, A normal myocardial perfu-
sion scan has a high negative predictive value and is associated with low annual mortality
tate (< l%). Patients with extensive ischemia (> 2o/" of the left ventricle), defects in
more than 1 coronary vascular tenitory, transient or persistent left ventricular cavity
difation, and ejection fraction less than 45/"have a high annual mortality rate (> 3%).
Those patients should undergo coronary revascularization whenever feasible, as the
cardiac event rate increases in proportion to the magnitude of the jeopardized myocar-
dium. Stress MPI can be used to demonstrate ischemia in patients with symptoms early
after coronary artery bypass surgery (< 5 years) or in those without symptoms late (> 5
years) after coronary artery bypass surgery. with respect to patients who underwent
percutaneous interventions, stress MPI can help detect in-stent restenosis early after the
intervention (3-6 months) or assess the ptogression of native coronary disease afterward.
Since preliminary data suggest that a reduction in the perfusion defeci size may translate
to a reduction of coronary events, stress MPI can help assess the efficacy of medical
management of coronary disease, Finally, stress MPI is indicated for perioperative cardiac
risk stratification for noncardiac surgery in patients with intermediate risk predictors (mild
angina, prior myocardial infarction or heart failure symptoms, diabetes mellitus, renal
insufficiency) and poor functional capacity or in those who undergo high+isk surgery with
significant implications in further preoperative management.
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Ischemic heart disease and its manifestations re-
main a major health problem. Despite remarkable
achievements in the diagnosis and treatment, cor-
onary artery disease (CAD) remains the single
leading cause of death in the United States (1).
Appropriate management of known CAD involves
assessment of the individual risk of future cardiac
events, including death and myocardial infarc-
tion. High-risk patients (eg, those with left main
disease, 3-vessel disease, or both) benefit from an'
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aggressive approach with coronary angiography
and revascularization. In contrast, the vast major-
ity of individuals with low annual risk for cardiac
events can be managed conservatively (2).

Stress myocardial perfusion imaging (MPI) with
thallium-201 isotope ('otTI) or technetium-99
meter isotope (nn-Tc) agents has the ability to
distinguish patients at high risk (> 3% annual
mortality rate) from those at low risk (< t% an-
nual mortality rate) and currently plays an impor-
tant role in the management of patients with
known or suspected coronary disease (s). A nor-
mal 2o1Tl or ee-Tc-sestamibi scan is generally
associated with low risk of future cardiac events

t (+-o). This low event rate approaches that of a
normal age-matched population and also of pa-
tients with normal coronary angiograms (z). The
same benign prognosis appears to persist even in
patients with strongly positive exercise electro-
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cardiograms (ECGs) or angiographically signifi-
cant coronary disease (8,9). The extent and sever-
ity of ischemic zones measured by MPI quantify
the magnitude of myocardium at risk during ex-
ercise or pharmacological stress testing (10). Stud-
ies demonstrating high-risk features (extensivb
ischemia more than 2oo/o of. the left ventricle,
defects in more than 1 coronary vascular supply
region, reversible ischemia in multiple segments,
transient or persistent Ieft ventricular cavity dila-
tion, increased 201TI lung uptake) (11-13) predict
an increased risk of cardiac events (Table 1, Fig.
1 ) .

The introduction of the newer ee-Tc-agents and
the high count density achieved with them lead to
both a higher quality of myocardial perfusion im-
'ages and stable myocardial distribution with time
(r+). By the use of electrocardiographic gating
during acquisition of tomographic perfusion im-
ages, functional important information of the left
ventricle is obtained (wall motion, wall thicken-
ing, cavity volumes, and ejection fraction). Gated
single photon emission computed tomography
(SPECT) provides important additional informa-
tion beyond MPI alone, with major implications
for optimal patient care (15,16). Patients with an
ejection fraction Iess than 45o/o and mild, moder-
ate, or severe perfusion abnormalities have a high
mortality rate, whereas patients with an ejection
fraction of aSVo or greater have a cardiac death
rate of less than 1% per year, regardless of the
degree of the perfusion abnormality (tz).

The use of MPI as a means of risk assessment
can be applied to a wide variety of patients, be-
ginning with the initial evaluation of patients
without CAD. This review focuses on patients
already diagnosed with CAD, including ttrose un-
dergoing revascularization procedures or medical
therapy. In addition, we will examine the role of
MPI in assessing cardiac risk prior noncardiac
surgery.

Mvocnnornl PeRrusror.r lunelruc Berone AND AFTER
RevlscuuRrzATroN (PeRcurnneous TRANSLUMTNAL
CoRonnRy Aruqroeusrv, Conorunny ARreRy Bypnss
Gnnrrrue)

Before Revascularization
Over the years, myocardial perfusion scintigra-

phy has evolved as an essential tool in the evalu-
ation and assessment of patients before coronary
revascularization. It has a dual role: before coro-
nary angiography, MPI is extremely useful in doc-

Table 1. Predictors ofstress.induced ischemic extent
and severity with myocardial perfusion SPECT

9 Number and/or location ofreversible defections
o Magnitude (severity and extent) of stress defects
. 2O1.-T'1, uptake of isotope*
'. Transient ischemic left ventricle cavity dilatation after

exercise*
o Delayed redistribution

Best assessed by obtaining. a 5-minute poststress and 4-hour
redistribution or rest anterior planar scintigram before the initia-
tion of SPECT imaging. (Adapted and reprinted with permission
from reference 3).

umenting ischemia and determining the func-
tional impact of single or multiple lesions
identified subsequently. After coronary anatomy
is known, despite some Iimitations in the setting
of multivessel disease (18), MPI remains the test
of choice for identifying the lesion responsible for
the ischemic symptoms or so-called "culprit le-
sion." (rS) The ability of MPI to demonstrate the
presence of ischemia is desirable when consider-
ing revascularization for the relief of anginal pain,
since the presence and extent of ischemia may be
delineated (20). With respect to identification of
the culprit ldsion, Hirzel et al. (21) first examined
the value of perfusion imaging before and after
revascularization. Planar exercise 2o1TI imaging
was able to identify the ischemic zone that corre-
sponded to a coronary stenosis in 88e/o of lesions.
Other studies have confirmed that MPI identifies
the culprit stenosis in 80 to 93% of patients (22).

Although the presence of angiographically de-
tected coronary disease increases with age (zs),
the prognosis of intermediate lesions in such a
population is determined by the extent and sever-
ity of reversible ischemia (z+). Therefore, in
a population with known coronary disease and
persistent symptoms despite medical therapy,
myocardial perfusion scintigraphy may identify
objective evidence of stress-induced ischemia. AI-
though less important before coronily artery by-
pass grafting (CABG), in which typically aII Ie-
sions with 50% or greater stenosis are bypassed,
this is extremely useful for further management
decisions with respect to percutaneous interven-
tions (25). The absence of reversible ischemia in
patients with known CAD is an excellent prognos-
tic marker and predicts a low annual event rate
(26). Unfortunately, in these patients, who repre-
sent a considerable proportion of the percutane-
ous transluminal coron€ry angioplasty (PTCA)
population, the decision to perform PTCA is often
based on the information obtained by coronary
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angiography alone, and its benefit is unproven
(27,28).

After Revascu larization
Recent figures estimate that 598,000 CABG pro-

cedures are performed annually in the United
States (29). The long-term effectiveness of this
now common procedure is limited by graft steno-
sis and progression of native disease. MPI may be
used in patients after CABG surgery to (1) docu-
ment intraoperative cardiac injury (2), document
improvement in perfusion or function (3), demon-
strate graft disease and stenosis, and (a) predict
subsequent cardiac events (22). However, the pri-
mary value of MPI lies in the ability for identifi-
cation ofgraft disease or occlusion. Recently pub-
lished angiographic data in a cohort of 1388
patients reported a graft occlusion rate of 2.L"h
per year; at 5 years, 48o/o of patients had signifi-
cant graft disease, and at 1-5 years, 81% (30).
Evaluation of post-CABG patients with stress MPI
depends on the presence or absence of symptoms
as well as timing from the surgical procedure.
Current American College of Cardiology/Ameii-
can Heart Association (ACC/AHA) guidelines ar-
gue against routine testing of asymptomatic pa-
tients but do allow the "assessment of selected
symptom-free patients" (tg), such as patients with
an abnormal ECG response to'exercise or those
with rest ECG changes precluding identification
of ischemia during exercise.

Figure L. High-fisk scan.
Demonsfuation of exercise
technetium-9 I meter isotope
fs^Tc) - sestamibi myo cardial
perfusion imaging in multiple
views (short axis, vertical-long
axis, horizontal-long axjs,' sfress
images on top of each row with
rest images on the bottom).
Stress images demonstrate
transient cavity dilation and
extensive ischemia involving
the antefio4 anteroseptal,
anterolateruI, and anteroapical
distribution. Rest images reveal
normalization of the cavity size
and elimination of the perfusion
abnormalities. These findings
predict a high risk for futurc
cardiac events for the patient.

A number of studies (3i.-30) have shown that
stress MPI can accurately detect graft stenosis,
even in patients with atypical symptomatology,
and can effectively localize stenosis, especially if
gated SPECT imaging is performed. Lakkis et al.
(34) performed SPECT 2o1Tl imaging in 50 pa-
tients at approximately 51 months after surgery.
AII patients developed chest pain, although +0%
of them had atypical symptoms. The sensitivity,
specificity, and diagnostic accuracy were 80%,
87%, and 82o/o, respectively. Although these
numbers did not differ from previous reports with
planar imaging (35), the sensitivity for individual
vascular territories was substantially higher with
SPECT }i4Pl-8zo/o for the left anterior descending
artery territory, 92o/o for the right coronary artery
territory, and 75oh for the left circumflex artery
territory (localization of the occluded graft was
correct in only 61.0/" of patients with planar imag-
ing) (35). Recent literature supports the notion
that a cutoff point of 5 years can be applied to
patients post-CABG. In patients late (> 5 years)
post-CABG, irrespective of symptoms, myocardial
perfusion SPECT has been an effective method for
risk stratification. Palmas et aI. (gO) studied zg+
patients 5 years or more post-CABG. During the
31-month follow-up, the event rate (death or non-
fatal myocardial infarction) was 1.4o/o. T}re zoaTI

reversibility score (a global measure of ischemic
index) and the presence ofincreased lung uptake
added significant prognostic information to a clin-
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ical model; when these variables were present, the
odds of a cardiac event increased by 80% and
10%, respectively. Similarly, Zellweger et al. (37)

identified 1765 patients who underwent dual-iso-
tope SPECT MPI 7.1 t 5.0 years post-CABG and
followed them for 1 year or more after testing. A
total of 53 cardiac deaths occurred, and there was

a significant increase in annual death rates as a
function of ischemia (summed stress score). Pa-

tients more than 5 years post-CABG, irrespective
of symptoms, and symptomatic patients 5 years or
Iess post-CABG benefitted from nuclear testing,
because the assessment of ischemia provided a
guide to appropriate therapy. Asymptomatic pa-

tients 5 years or less post-CABG had a low cardiac
death rate (1.3o/o) and did not benefit from nuclear
testing. In both groups, a moderate or severely
abnormal summed stress score (based on the in-
terpretation of the stress ee*Tc-sestamibi images)
predicted a significant higher annual mortality
rale (2.L"/o and 3.1%, respectively) (Fig. z)'

After Percutaneous Coronary Intervention
The explosion of PTCA and stent placement in

patients with single or multivessel disease has
created a necessity for early detection of resteno-
sis. A number of clinical studies have docu-
mented the usefulness of stress myocardial
SPECT for identifying restenosis in patients after

coronary angioplasty, stent placement, or both
(38,3S). In one of the first studies of coronary flow
after PTCA, Hirzel et al. (zr) examined patients
with single vessel disease who underwent suc-
cessfuI PTCA. Significant improvement in perfu-

sion was noted in 28 of the 30 patients. The only
patients with abnormal MPI6 months after angio-
plasty were shown to have restenosis. Hecht et aI'
(ga) compared exercise stress testing with and
without MPI in 116 patients; almost half of them
had multivessel diseise. The sensitivities for ex-
ercise stress testing and MPI were 53% and g3%,

respectively (P < 0.001). Specificity of MPI was
also higher (77o/o) compared to exercise stress
testing (640/0, P : NS). However, many studies
showed that not all patients have normalization of
perfusion. Partially reversible or persistent. de-
fects have been noted in many patients shortly
after (within L month ofl a successfuI PTCA (22).

In fact, reversible defects consistent with isch;
emia were reported to be found in 18 to 47"/o of
patients after PTCA {40,41). Resolution of these
perfusion defects is noted to some extent in sub-
sequent stress tests (21,,42), raising the question of

a high rate of false-positive transient results (+zJ'

Summing all the previous data, several investiga-
tors expressed concern about the value of MPI
-soon after PTCA. On the contrary, others have

shown that early MPI after PTCA is accutate,
usually confirms the success of the procedure,

and may predict late restenosis (40,43,44). It

should also be pointed out that most studies were

performed during an era of angioplasty alone,

without the benefit of stent placement. This may

liave contributed to a higher false-positive rate by

such nechanisms as inappropriate vasoconstric-
tion.

This ability of MPI to perform early risk strati-
fication has obvious potential benefits' because
high-risk patients may be considered for altered
medical treatment or additional efforts of revascu-
Iarization. Iskandrian et al. (++) proposed a phar-

macological SPECT strategy early after angio-
plasty (1 week) without an increased false-
positive rate. Although 35% of patients had

abnormal MPI, a logical explanation was found
for the maiority of them (dissection, myocardial
infarction, residuai stenosis). Current consensus
is to obtain an exercise myocardial perfusion

study 4 to 6 weeks after intervention (9,L9) when-

ever indicated; however, the proper timing for use

of myocardial perfusion SPECT remains to be

determined. Based on existing knowledge about

the timing interval of subacute thrombosis (45)

(less than 4 weeks) and in-stent restenosis (46)

(e-6 months), we propose an algorithm as guid-

ance for the management of patients with known

CAD after percutaneous coronary intervention
(PCI) (Fie. 3). Asymptomatic patients may be con-

sidered for stress MPI 4 to 6 weeks after interven-
tion to assess the functional results of PCI and

establish a new baseline (19). Subsets of patients

who benefit from this approach include those at

high risk after PCI (patients with decreased left

ventricle function, multivessel disease, proximal
Ieft anterior descending disease, previous sudden

death, diabetes mellitus, hazardous occupations,
and suboptimal PCI results) (+z). Stress MPI is

also recommended in patients who develop atyp-

ical symptoms after PCI, and it is necessary to

assess whether these symptoms represent isch-

emia. Patients with symptoms typical of ischemia
less than 6 months after intervention should pro-

ceed with coron€Iry angiography as a first step,
unless contraindicated. If angina occurs later
(more than 6 months after PCI), stress MPI can be

used to assess the degree and area of ischemia,
since progression of native coronary disease
rather than in-stent restenosis is more likely.

\-/t '

Volume 11, Number 2, 2003 CARDIOLOGY IN REVIEW


