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Risk Assessment by Myocardial Perfusion
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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 '
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Assessmenr oF EFFtcAcy oF MEDIcAL Mnrulcen,terut
OF CoRoNARY ARTERY Dlsense

Intensive medical therapy with risk factor mod-
ification is essential iTr the management of pa-
tients with CAD. While high-risk patients demon-
strate a survival benefit from CABG, low-risk and
moderate-risk patients have equivalent outcomes
with respect to mortality with either approach
(medical management or revascularization) (2).
The exact definition of what constitutes appropri-
ate medical therapy can be debated, but it would
surely include aspirin, beta-blockers, lipid-lower-
ing agents, and probably angiotensin-converting
enzyrne (ACE) inhibitors in diabetics or patients
with impaired left ventricular function 1+A;. Since
the degree and extent of ischerrtia predicts future
events (11), MPI has been used to assess the im-
pact of medical management on the ischemic

Figure 2. Annual cardiac death
(CD) mtes as a function of
summed stress score (SSS) in
patients 5 years or less and more
than 5 yearc after coronary
artery bypass graft (CABG)
surgery (n: 15  ). *Statistically

significant increase as a function
o/SSS (P : 0.049,0.005 fot = 5
yearsand) Syears,
respectively. Reprinted with
permission (37).

nrdcntc[y'rcvmly rbnoml

zones in patients with known coronar1r disease. In
fact, Mahmarian et al. (+S) demonstrated that
quantitative exercise 'otTl tomography is highly
reproducible and can be used to interpret tempo-
ral changes accurately in myocardial perfusion in
individual patients. In 18 patients with baseline
tomographic perfusion defect involving 5% or
more of the left ventricle after treadmill exercise
MPI, the study was repeated using the same exer-
cise protocol and without significant differences
in exercise parameters. Seventeen of 18 patients
(94%) had an abnormal repeat exercise perfusion
scan, and 96% of initially abnormal vascular ter-
ritories remained abnormal. The mean tomo-
graphic perfusion defect size was not significantly
different between the 2 studies, and the compo-
nents were not defined as scar and ischemia.

There are no data or recommendations regard-
ing routine evaluation and follow-up with perfu-
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Figure 3. Proposed algorithm for
management of patients after
percutaneous intervention (PCI)
with respect to nature and
timing of sSznptoms. *ACC/AHA

practice guidelines favor
selective evaluation in patients
considered to be at particular
high risk (eg, patients with
decrcased Ieft ventricle [LV]
function, multivessel coronary
artery disease ICADL proximal
left anterior descending disease,

previous sudden death, diabetes mellitus, hazardous occupations, and suboptimal PCI results) (47). ISR, in-stent
rcstenosis; MPI, myocardial perfusion imaging; PTCA, percutdneous transluminal coronary angioplasfii; SAT, subacute
thrombosis.
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sion imaging of patients with CAD and known
myocardial perfusion defects in the absence of
symptoms. Howevet, the beneficiary impact of
various pharmacologic interventions on the natu-
ral history of patients with CAD has been well
established (48). This has been linked with iin-
provement in myocardial perfusion defects as a
result of decreased oxygen demand (beta-block-
ers) (so-s+), improved coronary blood flow (ni-

trates, calcium-channel blockers, statins), or both
(55 ,56) .

Among the antianginal medications, beta-block-
ers markedly decrease the amount of exercise-
induced ischemia in multiple studies (So-sz) and
may normalize the test (52). The impact of 1-week
treatment with propranolol on improving myocar-
dial blood flow distribution and exercise Ieft ven-
tricular ejection fraction has been established in
men with CAD (50). Similarly, the effect of acute
administration of propranolol was examined in a
small series of patients with known reversible
perfusion defects who underwent dobutamine
MPI with ee-Tc-sestamibi (se). The dobutamine
stress test after propranolol was associated with a
lower maximum heart rate (83 -F 18 vs 125 t 17,
P < 0.001) and rate pressure product (14,169 *

4248 vs 19,894 r- 3985, P < 0.001) despite a
higher infusion dose, The SPECT myocardial
ischemia score was also lower (0.9 * 5.8 vs 10.L +

7 .1-, P : o.o47), and fewer echocardiographic seg-
ments were abnormal (S.+ -r 3.0 vs 4.6 t 3.4, P :

O.O42). These data suggest that the anti-ischemic
effect of beta-blockers works primarily by decreas-
ing the heart rate and myocardial oxygen demand.
However, recent evidence supports the idea that
beta-blockers may increase coronary flow reserve
and myocardial oxygen supply (s7). Improvement
in myocardial ischemia with beta-blockers was
recorded as early as 1 week after oral treatment,
and acutely with inffavenous administration.

Although nitrates and calcium-channel antago-
nists are not first-line agents in patients with cor-
onary disease, they do have an impact on existing
ischemia, Either in conjunction with beta-block-
ers (54), or alone (55,56), both of these agents
decrease the size of reversible defects (particular-

ly in patients with large ischemic perfusion de-
fects), and appear to have a favorable impact on
the deleterious prognostic effect of exercise-in-
duced ischemia. Mahmarian et aI. (s6) evaluated
prospectively whether short-term (0.t * 1.8 days)
transdermal nitroglycerin patches could Iimit the
extent of exercise-induced left ventricular isch-
emia as assessed by quantitative 2o1TI tomogra-

phy. Patients randomized to receive active patch
therapy had a significant reduction in their total

-perfusion defect size (-8.9 -+ 1,7.1o/o) compared
with placebo-treated patients (-r.e * 6.1oh, P :

0.04), which was most apparent in those with the
Iargest (- zo%) baseline perfusion defects (-11.4
+ 1,3.4o/o vs 1.0 -r 3.60/0, respectively, P < O.O2)'
Nitrate therapy did not significantly reduce heart
rate, blood pressure, or doubie product, indicating
benefit through enhancement of coronary blood
flow..

The impact of lipid-lowering agents in the sec-
ondary prevention of coronary disease has been
demonstrated in multiple large studies {CARE
(58J, 45 (59), VA-HIT (60)). The mechanism is
multifactorial and not solely based on reducing
ischemia. Gould et aL (or) showed that there were
statistically significant improvements in size arrd
severity of perfusion abnormalities by rest-dipyr-
idamole positron emission tomography (PETJ on
comparison of baseline control with perfusion
abnormalities after intensive 90-day cholesterol
Iowering. These results suggested that relatively
short-term intensive cholesterol lowering im-
proves myocardial perfusion capacity before ana-
tomic regt'ession of stenosis occurs. Such im-
provement can be followed noninvasively by
dipyridamole-PET, reflecting the integrated flow
capacity of the entire coronary arterial/arteriolar
vascular system affected by diffuse atherosclero-
sis. Other investigators (62) used SPECT MPI in
patients with CAD and hypercholesterolemia to
assess serial changes in myocardial perfusion as-
sociated with cholesterol reduction therapy. Fol-
Iowing improvement in total cholesterol (pretreat-

ment: 223 + 51, posttreatment: 147 -r 33, P <

0.001), the stress defect score (defined as % Ieft
ventricular mass hypoperfu sed) was significantly
improved (pretreatment: L9 + 16, posttreatment: 9
-r 1.3, P : O.O22). The same investigators studied
the effect of short-term (6 weeks) or long-term (6

months) pravastatin in dyslipidemic patients with
baseline MPI ischemic defects (63). Despite a sig-
nificant reduction of LDL at 6 weeks (33o/o, P <

0.001), myocardial perfusion scores were reduced
only at 6 months (12.6 -r 5.7 at baseline, 9.4 + 6.2
at 6 months, P < 0.01). The time course of reduced
perfusion abnormalities paralleled documented
clinical benefit (5s-60) rather than LDL reduc-
tion. Whether stress MPI may identify effective
clinical response to statin therapy and facilitate
optimal medical or revascularization therapy
strategy or both needs to be determined by larger
scale trials in the future (0+).

UL
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With respect to ACE inhibitors, it is well estab-
lished that they exert a beneficial effect in patients
with known CAD. The mechanism is complex and
involves improved endothelial function, vasodi-
Iation, reduced afterload, antiplatelet effect, and
inhibition in neurohormonal activation. There ls
no large study to examine the direct anti-ischemic
mechanism of ACE inhibitors using MPI. In 2
studies, ACE inhibition was associated with im-
proved epicardial (0s) and microvascular blood
flow (00), predominantly endothelium-mediated,
Using ECG criteria, enalapril increased the timing
to 0.1 mV ST segment depression after 1,2 weeks
of treatment (s.0 -r 1.9 minutes in the enalapril
group vs 4.4 + L.3 minutes in the placebo group,
P < 0.05) without affecting the double product

, (Oz). Further studies are needed to elucidate a
direct anti-ischemic mechanism and explore the
role of MPI in monitoring such an effect.

The widespread interest in the noninvasive
management of coronary atherosclerosis has
brought new attention to the impact of various
Iifestyle changes on the prognosis of coronary
disease. Diet, exercise, and behavioral interven-
tions are generally advised in patients with doc-
umented coronary disease. The impact of these
changes on the extent of atherosclerosis, as deter-
mined by angiography, is modest. There is no
Iarge study to assess the impact of nonpharmaco-
Iogical interventions on ischemic zones using
MPI. However, the size and severity of perfusion
abnormalities on rest-dipyridamole PET imaging
in an experimental group was decreased (im-
proved) compared to controls after 5 years of
intensive risk factor modification (OA).

Despite the fact that all the above interventions
aim to improve the ischemic zones, one important
question remains: does the reduction in the per-
fusion defect size translate to an actual reduction
in risk for subsequent cardiac events? In the
ACME study (69), patients who normalized a pre-
viously ischemic planar 2o1TI perfusion scan with
either medical therapy or PTCA had a signifi-
cantly higher survival rate (92%) compared to
those who continued to have exercise-induced
ischemia (82e/o, P : o.oz). Dakik et al. (ZoJ studied
42 patients after myocardial infarction with lafge
total (> 20%) and ischemic (= 10%) zones as
assessed by adenosine 'o1Tl SPECT MPI. Patients
were treated with either intensive medical .ther- :

apy or PCI. Repeat imaging was performed in 42 +

26 days, and clinical events .were recorded f f
months after enrollment. The respective reduc-
tions in total and ischemic perfusion defect size

were significantly greater in the 35 patients with-
out a cardiac event (-tso/" and -'J,4o/") than in the 7
,patients with a cardiac event (-6% and -5%).
These preliminary data suggest that the risk for a
subsequent event is strongly influenced by tem-
poral changes in perfusion defect size.

PneopeRnrrvE CARDTAc Rrsx SrnnrrFrcATroN FoR
NorucnRornc Sunsenv

Ischemic heart disease is a major cause of mor-
bidity and mortality among patients undergoing
elective noncardiac surgery; cardiac deaths ac-
count for approximately one half of perioperative
deaths (zr). The physiologic importance of the
coronary lesions, rather than the coronary anat-
omy per se, has been established as the standard
for evaluating cardiac risk in patients with CAD
undergoing elective noncardiac surgery.

Most patients with known CAD can safely un-
dergo major noncardiac surgery. Thus, the major
question is which subpopulations benefit from
preoperative cardiac risk stratification. Recently,
the ACC/AHA Task Force on Practice Guidelines
published an update on the recommendations for
perioperative cardiovascular evaluation for non-
cardiac surgery (zz).In general, additional preop-
erative evaluation should not be performed either
in patients who require emergent noncardiac sur-
gery or in those who had coronary revasculariza-
tion within the last 5 years and are asymptomatic.
In patients with major clinical predictors of poor
outcome (unstable coronary syndrome, decom-
pensated congestive heart failure, significant ar-
rhythmias, severe valvular disease), consideration
of delaying or canceling the surgical procedure
with further evaluation with coronary angiogra-
phy is appropriate. The approach to stable pa-
tients with intermediate risk predictors (mild an-
gina, prior myocardial infarction, compensated or
prior heart failure symptoms, diabetes mellitus,
renal insufficiency) is based on consideration of
functional capacity and the risk of the surgical
procedure. Patients with poor functional capacity
(< 4 METs) benefit from further noninvasive risk
stratification, while patients with moderate or ex-
cellent functional capacity can safely undergo
surgery unless the surgical procedure is consid-
ered high-risk. Patients with minor risk predictors
do not need noninvasive risk stratification unless
both their functional capacity is poor (< a METs)
and they undergo a high-risk surgical procedure.
The results of noninvasive testing can be used to

Y
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determine further preoperative management, such

as cardiac catheterization, coronary revasculariza-

tion, or both; intensive medical therapy; or delay

or cancellation of an elective noncardiac opera-

tion.
It is well appreciated that clinical indexes

alone (such as the Goldman index) are insuffi-

cient in predicting perioperative cardiac events
in patients with known CAD (1'1',73)' Stress MPI

uppuutt to be the most accurate method for

preoperative risk stratification as well as predic-

tion of late cardiac events (3,11)' Because many

preoperative patients are unable to exetcise,

pharmacological MPI plays a predominant role

in the evaluation and risk stratification of those

individuals. Many studies in various patient

cohorts have demonstrated that the risk of car-

d.iac events is not related only to the absence or

presence of jeopardized myocardium, but is

iather directly proportional to the extent of

myocardium at risk (74). This perception ap-

plies to risk stratification of patients before non-

cardiac surgery as well. Based on the number of

myocardial segments with transient defects,

Lette et al. (75) was able to divide 355 patients

undergoing major surgery, into high-risk, medi-

um-risk, and low-risk subgroups. The cardiac

event rate was 7o/o in the 225 patients with a

normal dipyridamole MPI, 8% in patients with

reversible defects locaiized to one-vessei terri-

lory, 2oo/o in those with reversible ischemia in

2-vessel territory, and 52o/o in those with exten-

sive ischemic changes (Fig. 4). Brown and

Rowan (76) reported that the risk of periopera-

tive cardiac death or myocardiai infarction in

patients undergoing noncardiac surgery is di-

rectly proportional to the extent of jeopardized

myocardium reflected in the number of myocar-

dial segments witLlransient defects on dipyrid-

amole zotTl MPL The probability of a perioper-

ative cardiac event was 1% in patients with only

1 segment with transient 2o1TI defect, 8% in

those with 4 segments involved, and 49% in

those with 7 segments with transient defects'

Eagle et al. (zz) demonstrated the incremental

value of dipyridamole 201T1 MPI in a series of

200 patients who underwent peripheral vascu-

Iar surgery. After reviewing the hospital records

for the occurrence of cardiac events (cardiac

death, myocardial infarction, ischemic pulmo-

nary edema, unstable angina), he identified 5

clinical variables (risk factorsJ that were signif-

icant predictors ofperioperative events: (1) ECG

Q waves, (2) a history of ventricular ectopy

No One 
'Iwo 5e1'ere or

Ischemia Territory Territory Exensive

rt:2?5 k.lt.-i^ lschemia lschemia

Figure 4. Perioperctive rate of myocatdial infarction,

cirdiac death, or both afier the performance of maior

noncoronary surgery fuertical axis) for 355 patients

stratified aicording to the magnitude of reversible defects

duilng preoperative dipytidamole thallium-2 0 1 isotope

(o'TI) myocardial perfusion imaging (MPI)' The

frequency of periopetative events increased markedly in
"paiien*'wiih'a 

greater magnitude of ischemia' Adapted

with permis,sion (75).

requiring therapy, (3) diabetes mellitus, (a) ad-

vanced age, and (s) a history of angina' In pa-

tients with a very low-risk profile (i 'e', none of

the risk factors mentioned previously) and in

those with a high-risk profile (3 or more risk

factors), the cardiac event rates were low (3%)

and very high (50%), respectively. However, in

patients with 1 or 2 risk factors, dipyridamole
2otTI MPI provided a striking differentiation of

risk, heralding a 3% vs a 30% rate of perioper-

ative events among the intermediate-risk pa-

tients having no reversible as opposed to revers-

ibie 2o1Tl defects. AII the above landmark

studies suggest that among patients with an

intermediate risk profiIe, stress MPI can be used

preoperatively to predict cardiac events and is

"bl*-to 
risk stratifu patients based on the ab-

sence, presence, and extent of ischemia.
In a recent review of the literature, Yao and

fte2anski (3) summarized the results of 15 prog-

nostic studies that used pharmacological 2o1TI

MPI for the preoperative evaluation for patients

undergoing noncardiac sugery. Two criteria for

studv selection were used: (1) scintigraphic re-

sults could be divided into those that were normal

or showed fixed or reversible defects, and (2) the

frequencv of hard perioperative events (myocardi-

60%

50%

40Yo

30%

2Aolo

1'A%

CI%

I C-arrdi:c E vent Rate (n =555)

u

v
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aI infarction, cardiac death) was reported. Analy-
sis of the results showed 3 principles. First, ap-
proximately Eo/o (9O|1.B4Z) of surgical cases were
cancelled as a response to an abnormal preopera-
tive study. Second, a very low frequency of peri-
operative cardiac events (gl7SO, 1.2%) existtjd
among patients who had a normal MpI study,
similar to nonpreoperative patients with normal
MPI SPECT studies. Third, the frequency of major
cardiac events was 15.6% (11,41730) among pa-
tients who manifested reversible myocardial per-
fusion defects on their preoperative study. In
those patients with fixed defects, the cardiac
event rate was b.1% (I4/277), which represents an
intermediate risk. However, the majority of these
studies had been performed before the routine

, evaluation of fixed myocardial perfusion defects
with subsequent reinjection of 2o1Tl at rest, Be-
cause approximately 30 to 50% of fixed defects
can be expected to show redistribution with the
reinjection technique (TB,7g), many of these stud-
ies may have been limited in this regard. patients
with small fixed defects could represent small
myocardial infarcts, small areas of hibernating
myocardium, or attenuation artifacts. By contrast,
large fixed defects could represent eiiher large
areas of myocardial scar tissue or zones of hiber-
nating and viable myocardium. Since both of
them are potential causes of increased cardiac
events, this may explain the intermediate likeli-
hood of cardiac event rates in this particular pa-
tient population. The above data confirm the re-
sults of a previously reported review of the
Iiterature on dipyridamole 2o1Tl MpI by Leppo
(80). The negative predictive value of a normal
MPI was recorded at 99%, and the sensitivity of a
positive scan was 7Bo/", with a specificity of SO%.

Historically, most preoperative studies were
completed using'o1TI as the imaging agent. Fewer
data are available witlrse-Tc-labeled agents. The
largest series of patients was reported by Strat-
mann et aI. (81,82). Those investigators reported
their experience with 229 patients who under-
went dipyridamole ee-Tc-sestamibi SpECT MpI
before nonvascular surgery (aZ). In g9 patients
undergoing minor procedures (eg, inguinal hernia
repair), only 1 perioperative cardiac event oc-
curred in 64 patients with abnormal studies, and
none occurred in the 25 patients with normal
images. Of the 140 patients who underwent rnajor
surgical procedures (eg, bowel resection, thoracot-
omy), 11 had perioperative everl.ts. OnIy 1 of the
Goldman class I patients had a cardiac event, and
MPI with ee-Tc-sestamibi was not predictive of

increased risk. Of the 60 patients (Goldman class
II or higher), event rates were 4o/o for a normal
MPI,27yo for an abnormal study (P < o.OS),24yo
for a reversible defect (p : 0.4b), and 37% for a
fixed defect (P < 0.01). Thus, dipyridamole
ee-Tc-sestamibi MPI provided progt orti" ittfot-
mation for those patients at greater clinical risk
(Goldman class II or.higher). Similar data with
ee'Tc-sestamibi have been reported with the use
tiT adenosine and dobutamine in smaller studies
(83,84).

Preoperative risk stratification provides a
unique opportunity for the clinician not only to
predict the short-term risk for a particular patient
but also to estimate late cardiac events. Indeed.
Hendel et al. (85) described the perioperative and
Iong-term outcome of gOO patients who under-
went dipyridamole 2o1TI MpI before elective vas-
cular surgery. During a mean follow-up of 3t
months, transient defects had a significant univar-
iate predictive value for late cardiac events. The
best predictor of late cardiac events was the pres-
ence of fixed defects. Similar data were reported
by Younis et al. (86). Patients with reversible
defects had significantly greater incidence of
death or my6cardial infarction than patients with
other test results (P < 0.001).

Finally, although myocardial SPECT imaging
can successfuIly identify patients at high risk for
perioperative and long-term cardiac events, the
validity of a strategy of coronary revasculariza-
tion, with its additional risk, before noncardiac
surgery remains unclear. Studies that investigated
this question are few and small (82,88). In one of
them, Younis et al. (a8) evaluated the impact of
preoperative risk modification in patients under-
going major nonvascular surgery. Based on the
results of dipyridamole 201T1 MpI (reversible de-
fects), preoperative coronary revascularization or
medical interventions were instituted in 36 of Z2
patients. The perioperative cardiac event rate was
reduced from 47o/o to Bo/o (P < 0.001). In addition,
this study confirmed that the presence of multiple
(> z) abnormal2olTI segments was the only inde-
pendent predictor of cardiac death or nonfatal
myocardial infarction by multivariate analysis.

In summary, MPI in conjunction with clinical
predictors of risk, functional capacity, and sur-
gery-specific risk can accurately assess the peri-
operative cardiac risk among selected patients (in-
termediate-risk group) undergoing noncardiac
surgery. A normal study has a high negative pre-
dictive value, whereas a positive study predicts a
higher event rate that appears to increase in pro-

v
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portion to the magnitude of jeopardized myocar-
dium.

Cot'tct-ustot't

Stress MPI has emerged as an important tool
in the management of patients with known CAD
and risk stratification. In coniunction with
'otTI, the development of ee-Tc-labeled agents
with improved imaging characteristics and the
ECG gated acquisition permits simultaneous as-
sessment of myocardial perfusion and ventricu-
lar systolic function. This in turn translates to
superior diagnostic accuracy and provides im-
portant prognostic information regarding car-
diac events. A normal stress MPI is associated
with a Iow risk for future cardiac events (<1"h

annual mortality rate). Studies demonstrating
high-risk features such as extensive ischemia,
reversible ischemia in multiple segments, tran-
sient or persistent cavity dilation, or ejection
fraction Iess than < 45o/o predict an annual
mortality rate greater than 3%. Those patients
should undergo coronary revascularization,
whenever feasible, as the cardiac event rate ap-
pears to increase in proportion to the magnitude
of jeopardized myocardium, In patients with
known CAD who underwent revascularization
procedures, stress MPI can be used to demotr-
strate ischemia in those with symptoms early
after CABG or without symptoms late (> s
years) after CABG, In those who underwent PCI,
stress MPI can be used for the detection of
in-stent restenosis and can guide further treat-
ment decisions. Since preliminary data suggest
that a reduction in the perfusion defect size may
translate to a reduction of cardiac event tate'
stress MPI can be used to assess the efficacy of
medical manageme"ht of CAD. Finally, stress
MPI can assess perioperative cardiac risk in
patients with intermediate-risk predictors un-
dergoing noncardiac surgery. A normal study
has a high negative predictive value, while a
positive study predicts a high perioperative
event rate that appears to increase proportion-
ally with the extent of ischemia.

In conclusion, myocardial perfusion scintig-
raphy provides a functional assessment of the

"oton"iy 
circulation with important implica-

tions in optimal patient care. Extensive litera-
ture supports the notion that information ob-
tained with radionuclide imaging can be used in
a variety of patients with known CAD for both

risk stratification and
proach with respect to
cularization.

an ischemia-driven ap-
medical therapy or revas-
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