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CUNICAL IMPORTANCE AND DEF1N@ON OF
MYOCARDIALVIABIUTY

The reportedmortalityof patients with coronary artery
disease (CAD) and congestive heart failure is high but
variable, rangingfrom 15%to 60%per year (1â€”4).In the
CASS study (4), mortality of medically treated patients
was relatedto the severity ofleft ventricular(LV) dysfunc
tion. The annual mortality in 77 patients with LVEF =
31%â€”35%,was 9%, in 113 patients with LVEF = 26%â€”30%
was 12%and in 172 patients with LVEF < 25%was 24%.
In the clinical managementof patientswith CAD and poor
LV function, the available treatment choices, other than
medical therapy, are cardiac transplantationand myocar
dial revascularization (coronary artery bypass surgery
(CABG) or percutaneous transluminal coronary angio
plasty (PTCA)). One year survival after cardiac transpian
tation is currently favorable at approximately 90% (5).
Cardiac transplantation, however, cannot be performed in
90% of heart failure patients who are potentially eligible,
due to the shortageof donor hearts (6). Moreover, cardiac
transplantationis an expensive procedure.

It is well recognized that in some patients, poor LV
function and heart failure may improve after myocardial
revascularization.In the CASS study (4), CAB arteryby
pass surgery was beneficial in patients with severe LV
dysfunctionin promotingtheirsurvivaland improvingtheir
functional status. In patients with LVEF < 35%, cumula
tive survival for as long as 6 yr was better in the subgroup
who underwentmyocardialrevascularizationas compared
to those on medical therapy. Specifically, in patients with
LVEF < 25%, respective mortalities in the medical and
surgical subgroupswere 24%versus 15%at 1 yr and 62%
versus 48% at 6 yr. Myocardial revascularization, how
ever, cannot be readilyrecommendedin patientswith poor
LV dysfunction since the surgery itself is associated with
5%â€”37%mortality(7â€”9).Therefore,in patientswith poor
LV function, myocardial revascularization should be rec
ommended to those in whom the procedure is very likely to
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reverse regionalandglobal LV dysfunction andto improve
heart failure symptoms and survival.

PAThOPHYSIOLOGYOF LV CONTRAC11LE
DYSFUNC11ON

Before discussing the methods for assessing myocardial
viability, it is important to recognize that different condi
tions may lead to LV contractile dysfunction (dyssynergy)
and these conditions are quite different with respect to
potential for recovery after myocardial revascularization.
In patients with CAD, LV dyssynergy may be due to: (1)
transmural myocardial infarction, (2) nontransmural myo
cardial infarction, (3) myocardial hibernationor (4) myo
cardialstunning. In transmuralmyocardialinfarction(MI),
myocardialnecrosis involves the full thickness of the myo
cardium, while in nontransmural myocardial infarction,
myocardial necrosis is either limited to the subendocar
dium or is scattered throughout the myocardium. Revas
cularization is not expected to improve LV dyssynergy in
these two conditions. The term hibernatingmyocardium
was coined by Dr. Rahimtoola (10,11) to define abnormal
LV function at rest that was due to chronic painless, per
sistent severe â€œischemiaâ€•at rest andwhich was reversible.
Hibernatingmyocardiumis a result of reduced myocardial
blood flow that causes decreased myocardial contractility
while viability is maintained. Restoration of normalblood
flow to hibernatingmyocardiumreverses regionalwall mo
tion abnormality.Myocardialstunningresults fromperiods
of severe ischemia that are too brief to cause myocardial
necrosis and may nonetheless be associated with ultra
structural and biochemical changes and, most importantly,
with contractile dysfunction that persists for prolonged
periods afterrestorationof perfusion (12). This situation is
observed clinically when reperfusion is induced after cor
onary occlusion and salvages some of the jeopardized tis
sue. The return of contractile function in the salvaged
tissue is generallynot immediateand may requireweeks to
months.

BASIS FOR USE OF THALUUM-201 AND PET
METABOUC TRACERS FOR ASSESSMENT OF
MYOCARDIALVIABIUTY

ThaIlium-201
Thallium-201 is a potassium analogue and its ultimate

distributionfollowing intravenousadministrationis primar
ily intracellular(13). Transportof thalliumacross the cell
membranehas been reportedto occur partlyvia anouabain
inhibitablemechanism, presumed to be the sodium-potas
sium ATPase pump (13). Following intravenous injection,
the initialdistributionof 201'flin the myocardiumis related
to the regional myocardial blood flow and extraction frac
tion of the myocardium for 201'flwhich is 87% (14) at
normal flow rates. Thus, initial 201'flmyocardial defects,
whether injection is made at rest, during exercise or fol
lowing administration of coronary vasodilator, are pro
duced primarilyby regional deficits in myocardial blood
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FiGURE1. Protocolsforimagingmyocardialviabilityusing201@fl
rest-redistributionsantigraphyand posftronemissiontomographic
imagingof myocardialperfusionandmetabolism.

flow distribution. In clinical situations, the additionalrole
played by myocardial ischemia or drugs in introducing
image defects (by altering extraction fraction) is unclear
but appears to be insignificant.

Following the initial distribution, 201'flconcentration in
the normaland defect regionchanges as a functionof time.
This change is referred to as redistribution. Pohost and
colleagues (15) showed that in patients with exercise-in
duced myocardial defects, delayed 201'flimages revealed
disappearance of the initial perfusion defects. Reversibility
of the initial @Â°â€˜Tldefect generally results from slower
clearance of 201'flfrom the defect region as compared to
the normal zone. Defect reversibility on a rest-redistribu
tion 2O1@study may result from clearance of 201'flfrom the
normal zone and net accumulation of 201'flin the defect
region over time.

The preferredprotocol for assessment of regional myo
cardial viability with 201'fl j@rest-redistribution imaging
(Fig. 1). Withthis protocol, hibernatingmyocardiumwould
appear as an area with reduced @Â°â€˜Tluptake on the initial
rest image because of reduced regional myocardial blood
flow at rest. However, thin initial defect is expected to
reverse on the redistributionimage since, as stated above,
20111 redistributes in viable myocardial regions. When

myocardialdyssynergy is caused by transmuralmyocardial
infarction, a severe @Â°â€˜Tldefect is noted on the resting
image that fails to redistribute. In nontransmuralmyocar
dial infarction, regional uptake of 201'flis reduced, in pro
portion to the volume of myocardial necrosis, and defect
intensity remains unchanged on the redistributionimage.

When in addition to myocardial viability, stress-induced
â€œischemiaâ€•is being evaluated, 201'flshould be injected
during stress and various reinjection/redistribution proto
cols should be utilized to evaluate reversibilityof the initial
defect. It should be noted thatwhen 201'flis injected during
exercise or pharmacologic stress, it is not possible to de
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termine to what extent a reversible defect represents hi
bernating myocardiumversus stress-induced â€œischemia.â€•
For this reason, reversible and nonreversible stress/redis
tributiondefects have a highlyvariablepredictivevalue for
recovery of regional LV dysfunction.

PET
With PET, positron-emitting radionuclides are utilized

to obtain tomographic images of regional myocardial per
fusion, metabolism and receptor density. Four different
PET approacheshave been utilized for assessment of myo
cardial viability: (1) perfusion-FDG metabolism imaging,
(2) determination of oxidative metabolism with â€œC-ace
tate, (3) uptake and retention of 82Rband (4) the water
perfusable tissue index.

By far, myocardial viability has been more extensively
evaluated with myocardial perfusion-FDO metabolism
PET method than other PET protocols. Therefore, myo
cardial perfusion-FDG metabolism PET protocol will be
the focus of this review. With this protocol, regionalmyo
cardialperfusion is firstevaluatedwith â€˜3Nammonia, 82Rb
or â€˜@Owater. Subsequently, â€˜8F2-fluoro 2-deoxyglucose
(FDG) is used to assess regional myocardial glucose utii
zation. Regional myocardial distribution of all the three
PET perfusion tracers has been shown to be related to
regional myocardial blood flow and extraction fraction of
the myocardium for a given tracer, which has been well
characterized (16â€”22).These tracers, however, have dif
ferent imagingcharacteristics;the physical half-lifeof â€˜3N-
ammonia is relatively longer (10min) than those of 82Rb(75
sec) and â€˜50-water(2 min), allowing longer imaging time
and higher image count density with â€˜3N-ammonia.Since
â€˜5O-waterexchanges rapidlybetween blood and surround
ing tissue, blood-pool subtractiontechniques are needed to
delineate myocardial uptake of â€˜50-water,further compli
cating the clinical imagingprotocol and reducing â€˜5O-water
myocardial image quality. Nitrogen-13-ammoniaand â€˜SO
water are cyclotron producedwhile 82Rbmay be produced
by a portable generator.

FDG is a glucose analogue which crosses the capillary
andsarcolemmalmembraneat a rateproportionalto thatof
glucose. Following myocardial uptake, FDG is phosphor
ylated to FDG-6-phosphateand is then trappedin the myo
cardium because unlike phosphorylated glucose, it is a
poor substrate for glycogen synthesis, the fructose phos
phate shunt and glycolysin (23,24). Regional myocardial
uptake of FDG therefore reflects relative distribution of
regional rates of exogenous glucose utilization (23â€”26).In
the fasting state, fatty acids are the preferredmyocardial
substrate for ATP production and FDG is taken up very
little if any by the myocardium (26,27). In ischemic myo
cardial regions, however, regional substrate utilization
shifts from fatty acid oxidation to glucose utilization (28â€”
30). Hibernating myocardium therefore would demon
strate increased FDG uptake in the fastingstate, unlike the
surroundingnormalmyocardium.In the postprandialstate,
the normalmyocardiumshifts fromfatty acid to glucose as
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FiGURE 2. Positronemission tomographicpatternsof myocar
dialviabilityusingperfusion-FDGimaging.

the primarysubstrateforAlP production;thus hibernating
and normal myocardium both would demonstrate FDG
uptake. Therefore, preserved or even enhanced FDG up
take in dysfunctional myocardial regions represents pres
ence of myocardialviability. It inpossible that membrane
related ATP glycolytically derived is essential for cell
survival (i.e.. maintenance of transmembrane ion concen
tration gradients) which may indeed account for the en
hanced FDG uptake (31).

With the PET perfusion-metabolismprotocol (Fig. 1),
when FDG is injected in the postprandialstate, three dif
ferent patterns of myocardial viability may be observed
(Fig. 2). Regional myocardial perfusion and FDG uptake
may be concordantly reduced or absent, the so-called per
fusion metabolismâ€œmatchâ€•pattern.Based on the severity
of perfusionand FDG deficit, the â€œmatchâ€•patternmay be
categorized as transmural match (absent or markedly re
duced perfusionand FDG uptake)or nontransmuralmatch
(mildlyto moderatelyreducedperfusionand FDG uptake).
We have used these two terms to indicate that transmural
match implies presence of transmuralmyocardial infarc
tion while nontransmuralmatch suggests the presence of a
mixture of viable and nonviable tissue in a given myocar
dial region and thus nontransmuralmyocardial necrosis.
When regional myocardial FDG uptake is disproportion
ately enhanced as compared to regional myocardial blood
flow, the pattern is termed perfusion-metabolism â€œmis
match.â€•This PET pattern is thought to represent hiber
nating myocardium. Regional dysfunction due to myocar
dial stunningmay be manifested by normalblood flow and
normal, enhanced or reduced glucose utilization.

PREDICI1ON OF POTENTIAL FOR RECOVERY OF
REGIONAL LV DYSSYNERGY FOLLOWiNG
REVASCULARIZA11ON

Rest-Redistribution ThaIlIum-201 Imaging
As shown in Table 1, three studies have reported the

utility of rest-redistribution @Â°â€œflimagingfor predictingre
coveiy of regional LV dyssynergy following revasculariza
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Author,yearReferenceNumber

of
â€”

(sags)Pred@lve

accuracyPositiveNegativeMon,

19913217 (51)1 1/14(85%)23/37(62%)Aifleri,
19933313 (120)92/100(92%)14/20(70%)Ragosta,19933421(176)81/141(57%)6/6(100%)Total51

(274)184/255(72%)64/92(70%)Ref

= referencenumber,sags= segments.

TABLE I
PredictiveAccuraciesof Thallium-201Rest-Redistribution

MyocardialPerfusion Imagingfor Recovery of Regional Left
VentricularDyssynergyafter MyocardialRevasculanzation

which were nonreversible), 77% did not show improve
ment in regional wall motion after revascularization. The
positive predictive accuracy of the four different patterns
of myocardialviabilitywere not significantlydifferentfrom
one another: 62% for normal thallium uptake, 63% for
reversible defects, 68%for partiallyreversible defects and
55% for mild nonreversible defects.

Overall, these three studies (32â€”34,Table 1) suggest that
rest-redistribution201'flimaging has an average positive
predictive accuracy of 72% and a negative predictive ac
curacy of 70% for improvement of regional LV dyssynergy
following myocardial revascularization. The results, how
ever, are variable from study to study, with positive pre
dictive accuracies ranging from 57% to 92% and negative
predictive accuracies rangingfrom 62%to 77%.

@ee-RedlstÃ±budon/R&nIectIon Thallium-201
Imaging

Three studies have compared the 4-hr @Â°â€˜Tlredintribu
tion and 20111reinjection protocols for prediction of im
provement in regional LV dysfunction after myocardial
revascula.rization (35â€”37).Dilsizian et al. (35) showed that
of 23 dyssynergic myocardialsegments which were nonre
versible or partiallyreversible on stress-4-hrredistribution
images, 10 did not show improvement of regional wall
motion following myocardial revascularization (negative
predictive accuracy of 43%). Low negative predictive ac
curacies were also reported by other investigators: 53%
(16/14segments) by Ohtaniet al. (36) and 48%(12/25 seg
ments) by Tamakiet al. (37). In these three studies, lack of
defect reversibilityafter @Â°@Tlreinjectionpredicteda higher
percentage of LV regions that did not improve after myo
cardialrevascularization;100%(8/8), 75%(12/16),and75%
(6/8), respectively (35â€”37).In the study of Ohtani et al.
(36), the accuracy of the 201'flreinjection protocol for pre
dicting normal or improved wall motion after revascular
ization was 73% (33/45 segments), however, 26% of all
segments analyzed in this study had normal wall motion
before surgery. As mentioned earlier,reversible defects on
stress-redistribution/reinjection201'flimages do not distin
guish stress-induced ischemia from hibernating myocar
dium.Therefore, the predictiveaccuracyof reversible @Â°@Tl
defects, when 201'flis injected duringstress, is expected to
be highly variable, depending on the study population.

Myocardlal Perfuslon-FDG Metabolism Imaging with
PET

Table 2 summarizes the results from seven studies re
portingthevalue ofmyocardial perfusion-FDGmetabolism
match and mismatch patterns for predicting postrevascu
larizationimprovementof regionalLV contractiledysfunc
tion (37â€”43).A total of 356 dyssynergic myocardial seg
ments were reportedin 135patients. The average reported
positive and negative predictive accuracies for the PET
mismatch pattern were 83% (186/225)and 84% (110/131),
respectively. The positive predictive accuracies ranged
from 72% to 95% and the negative predictive accuracies
rangedfrom75%to 100%.Inthree studies (37,39,40), FDG

tion. In the study of Moriet al. (32), 51 myocardialregions
were identifiedin 17 patients with prioranteriorwall myo
cardial infarction which were supplied by at least 90%
stenosed left anterior descending coronary arteries. Re
gional wail motion was assessed one week prior to and six
weeks after revascularizationin all patients. Eleven of 14
myocardial regions with @Â°â€˜Tlredintributionsshowed im
provement of regionalwall motion after revascularization
(positive predictive accuracy of 85%). In this study, 23 of
37 myocardial regions without @Â°@â€˜flredistribution did not
show improvement of regionalwall motion after revascu
larization (negative predictive accuracy of 62%). In the
study ofAffieri et al. (33), 128kinetic myocardialregions in
13patientswith CAD and LV dysfunctionwere evaluated.
None of these 120 regions had clinical evidence of myo
cardial infarction and all were supplied by coronary arter
ies having at least 75% stenosis and which were deemed
graftable prior to enrollment of patients into the study.
Regional wall motion was assessed in all patients prior to
and (3 to 12mo) after CABG. Reversible rest-redistribution
20111 defects predicted improvement of regional wall mo

tion in 92%of segments and nonreversible rest-redintribu
tion 20111defects predicted lack of improvement in regional
wall motion in 70% of regions. In a recent study from
Ragosta et al. (34), 21 patients with LV dysfunctions
(LVEF < 35%, average 27% Â±5%) underwent rest-redis
tribution planar @Â°â€˜Tlimaging and regional wall motion
analysis prior to and 2 mo after CABG surgery. In this
study, regionalmyocardialviability was defined by one of
four criteria:normal @Â°@Tluptake, reversible defects, par
tially reversible defects and mild defects that were nonre
versible. Of a total of 176 segments with severe asynergy,
141showed one of the four patternsof myocardialviability
and 57% showed improvement in regional wall motion
afterrevascularization.The positive predictive accuracy of
the four patterns of myocardial viability were not signifi
cantly different from one another: 62% for normal thallium
uptake patterns, 63% for reversible defects, 58% for par
tially reversibledefects and55%for mildbut nonreversible
defects. Of the 35 segments which were classified by rest
redistribution @Â°@Tlstudy as nonviable (severe defects
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Author,yearReferenceNumber

of
@ents

(sags)PredictiveAccuracyPositiveNegativeTillisch,

19863817 (67)35/41(85%)24/26(92%)Tamald,
19893920 (46)18/23(78%)18/23(78%)Tamaki,
1991371 1 (56)4Qf50(80%)6/6(100%)Lucignani,

19924014 (54)37/39(95%)12/15(80%)Carrel,
19924123 (23)16119(84%)3/4(75%)Gropler,

19924216 (53)19/24(79%)24/29(83%)Gropler,
19934334 (57)21/29(72%)23/28(82%)Total135(356)186/225(83%)110/131

(84%)

Iskandrian,1983472612/16(75%)6/10(80%)Mcii,
19913217417(57%)8/10(80%)Ragosta,

199334217/10 (70%)8/1 1(73%)Tc@al6423/33
(70%)24/31 (77%)

TABLE 2
Predictive Accuracies of Perfusion-FDG Metabolism PET

Imagingfor Recoveryof RegionalLeftVentricularDyssynergy
AfterMyOcard@Revascularization

TABLE 3
Accuracyof Thallium-201Rest-RedistributionScintigraphyfor

PredictingImprovement(byat least 5%)in LVEFAfter
MyocardialRevaScUlariZatiOn

Number of Predictive accuracy
-S

Author,year Reference (sega) Positive Negative

normalized regional FDG uptake and determined that a
85%â€”90%value yielded a sensitivity of 85% and specificity
of 84% for detection of regional functional recovery after
revascularization. Reanalysis of these data shows that this
threshold is associated with a positive predictive accuracy
of 70% (23/33) and a negative predictive accuracy of 93%
(53/57)forpredictionoffunctionalrecoveryafterrevascu
larization. It should be noted that it would not be possible
to determinewhether myocardialperfusioninconcordantly
reduced (nontransmural match pattern) or myocardial per
fusion is more severely reduced (mismatch pattern)with
out comparingregionalFDG uptaketo regionalmyocardial
perfusion. As stated earlier, such distinction is important,
because the former is not expected to demonstrate recov
cry after myocardial revascularization. In the study of
Lucignani et al. (40) and a preliminaryreport from Vom
Dahl et al. (46), a â€œhybridâ€•imaging approach was used in
which myocardial perfusion was assessed by @Tc-sesta
mibi SPECF and myocardial metabolism was evaluated by
FDG PET imaging. Vom Dahl and colleagues reported
positive and negative predictive accuracies of 77% and
88% for postrevascularization recovery of regional LV
dysfunction.

PREDIC11ON OF POTENTIAL FOR RECOVERY OF
LV EJECTiON FRACTiON FOLLOWiNG
REVASCULARIZAT1ON

Rest-Redistribution Thailium-201 Imaging
In 1983,Iskandrianand colleagues (47) reportedon rest

redistribution 2oâ€•flscintigraphy for prediction of improve
ment in LVEF following coronary arterybypass surgeryin
26 patients with abnormal preoperative LV function
(LVEF < 50%). In this study, various criteria for myocar
dial viability were used. In 20/26 patients who had perfu
sion defects on the initial @Â°â€˜Tlimage, the positive and
negative predictive accuracies of defect reversibility for
improvement in LVEF were 67% and 57%, respectively.
When normal patterns of @Â°â€˜Tluptake and abnormal re
gional @Â°â€˜Tlwashout in nonreversible defects were consid
ered as additionalcriteriafor myocardialviability, the pos
itive and negative predictive accuracies increased to 75%
and 80%, respectively. These results and those of two
subsequent studies are summarizedin Table 3. In the study

uptake was assessed in the fasting state, while the remain
ing four studies (3841â€”43) evaluated regional myocardial
FDG uptake in the glucose-loaded state. Theoretically,
fasting FDG studies may demonstrate small, but function
ally insignificant, amounts of hfternating myocardiumbe
cause of low myocardial background activity (no FDG
uptake by the surrounding normal and nonviable myocar
dial segments). Although this has been thought to diminish
the positive predictive accuracy of fasting FDG studies for
recovery of regionalLV dysfunction, the average reported
positive predictive accuracy for fastingFDG studies is 85%
and appearsto be similarto the average positive predictive
accuracy of postglucose loading FDG studies, i.e., 81%.
Different approaches to the analysis of perfusion and me
tabolinmpattern, however, may affect the predictive accu
racy. Gropler et al. (43) first normalized the relative uptake
of perfusion tracer and FDG to their respective highest
tracer activity concentrations and then evaluated ratios of
FDG-to-perfusion image as criteria for match and mis
match. This approach differs from the original one which
normalized the myocardial FDG uptake to the myocardial
region with the highest perfusion (upper 10% of tracer
concentration) and defined match and mismatch by differ
ences between FDG and perfusion ratherthan ratios. The
â€œratioâ€•approach had an even lower positive predictive
accuracy (52%) when myocardial segments with milder
degrees of regional contractile dysfunction were included
in the analysis.

In one study (44), FDG was injected after exercise
ratherthan at rest in 16patients. The reportedpositive and
negative predictive accuracies with this approach were
68% and 79%, respectively. As with reversible exercise
201Tldefects, postexercise myocardial uptake of FDG in
expected to be observed in regions with exercise-induced
ischemia as well as hibernating myocardium, resulting in
lower positive predictive accuracy for recovery of LV dys
function. In another study (45), regional FDG uptake,
without comparison to perfusion, was used to predict re
covery of regional myocardial dyssynergy. These investi
gators performed ROC analysis of various thresholds for
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Patientsw@mismatth PatientswithoutmismatchAuthor,

year Reference Numberofpatients Pre PostPrePostTillisch,1986

38 17 30Â±11 45Â±14 30Â±11
Besozzi,1992 48 56 29Â±12 41Â±11 43Â±10
Depre,1993* 49 23 43Â±18 52Â±15 35Â±931Â±12

39Â±16
@ 24Â±8â€˜LVEF

data are not part of the publishedabstr@, but were presented at the 1993AmericanHeartAssociationMeeting.
Pre= prerevascularizatlonLVEF.Post= posWevascularlzationLVEF.

TABLE 4
Valueof Perfusion-MetabolismPETStudiesforPredictingImprovementin LVEFAfterMyocardialRevascuiaiization

of Ragosta et al. (34), 21 patients with LVEF < 35%were
evaluated and the criterion for â€œsignificantâ€•myocardial
viability was selected as presence of at least seven viable
myocardial segments demonstrating either normal @Â°â€˜Tlup
take, a reversible defect, a partially reversible defect or a
nonreversible mild defect. The positive and negative pre
dictive accuracies for at least a 5%increase in LVEF were
respectively 70%and 73%(Table 3) and for at least a 10%
increase in LVEF were respectively 60% and 100%(34).
Overall, as shown in Table 3, the average literature positive
and negative predictive accuracies of @Â°@Tlrest-redintribu
tion scintigraphy for prediction of postrevascularization
improvement (by at least 5%) in LVEF are respectively
70%and 77%.

Myocardlal Perfualon-FDG Metabolism imaging with
PET

Literature reports on the value of PET for predicting
improvement in LVEF are predominantlypresented as a
comparison between pre- and postrevasculanzation
LVEFs in patients with and those without significant per
fusion-FDG metabolism mismatch. The results are summa
rized in Table 4 for three studies (38,48,49). In all three
studies, the average LVEF significantly increased from
pre- to postrevascularizationin patients who had the PET
patternofperfusion-metabolism mismatch. In contrast, the
average LVEF remained unchanged or decreased in pa
tients who did not have the PET pattern of perfusion
metabolism mismatch.

PREDICTiON OF POTENTIAL FOR IMPROVEMENT IN
HEART FAILURE FOLLOWiNG REVASCULARIZA11ON

Since most patients with poor LV function suffer from
heart failure symptoms, an important goal in assessing
myocardial viability is to predict recovery of heart failure
symptoms following myocardial revascularization. There
are no reported studies, to our knowledge, that evaluates
the role of 20111myocardial imagingfor this purpose. How
ever, this question has been addressed by two groups of
investigators, using myocardial perfusion-FDG metabo
lism PET imaging.

Eitzman and colleagues (50) used PET to assess myo
cardialviability in 82 patients with poor LV function (av
erage LVEF = 34%). Improvement in heart failure, by at
least one class, was relatedto the PET pattern(presence or

absence of mismatch) and type of treatment (revascular
ization or medical therapy). More patients in the subgroup
with mismatch who underwent revascularizationthan the
other subgroupshad improvementin the heartfailureclass
(50). Di Carli et al. (51) performed perfusion-FDG metab
olism PET studies in 93 patients with LV dysfunction (av
erage LVEF = 25%)who had follow-up for an average of
136 mo and of whom 66 had severe heart failure symp
toms. In the medically treated patients as a group, the
severity of heart failure symptoms did not change signifi
cantly during the follow-up period. In contrast, a significant
improvementin heartfailuresymptoms was observed only
in the subgroupof patients with mismatchwho underwent
revascularization (51). Stated differently, in the 34 patients
with heart failure who underwent revascularization, 71% of
the subgroupwith PET mismatch patternprior to surgery
had improvement in heart failure symptoms, while only
31% of patients without PET mismatch pattern had im
provement in heart failure symptoms (Fig. 3).

These data suggest that the PET pattern of myocardial
viability not only predicts recovery of regional and global
LV dysfunction after myocardial revascularization, but it
also identifies the subgroup of patients with poor LV func
tion and heart failurewho are most likely to show relief of
heart failure symptoms as a result of revascularization.

FiGURE 3. Predictionof improvementin heartfailuresymptoms
on medicaltherapyor aftermyocardialrevascularizationby perfu
sion-FDGPETpatternsofmyocardialviability.Thedata are derived
fromDiCan at ai. (51).
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Author,year Reference Numberofpatients MedmismatchPatients

withoutmismatchRevMedRev

Med= medicaltherapy,Rev= myocard@revascularization.Thepercentagesundereachtypeoftreatmentrepresentmortalityratesduringthe
follow-upperiod.

TABLE 5
The RelationshipBetweenPerfusion-MetabolismPETPatternsof MyocardialViablifty,Typeof Treatmentand MOrtalityin

Patients withCADand LVDysfunction

Eftzman,1992508333% (6/18)4% (1/26)8% (2/24)0%(0/14)Di
Carli,1993519341% (7/17)12% (3/26)9% (3/33)6% (1/17)

performed to determine the prognostic contribution of mis
match when covariates with borderlinesignificance in the
univariate analysis were included in the model. The extent
ofmismatch and revascularization were the only predictors
of survival. The relative rink (hazard) of cardiac death
associated with mismatch increased by 3.5% with each unit
of increment in the percent extent of mismatch, i.e., the
more extensive the mismatch, the higher the risk of dying
during the follow-up period. In contrast, revascularization
was associated with a positive effect on survival, decreas
ing the risk of cardiac death by 28%. These data were
furtheranalyzed to assess the value of mismatch for rink
stratification of patients on medical therapy and myocar
dial revascularization using life-table analysis. Figure 4
shows that the estimated annual survival of patients with
mismatch was lower than that of patients without mis
match (log-ranktest, p = 0.007). Furthermore,the annual
survival probability of patients without mismatch was sim
ilar between the revascularized and medical therapy sub
groups.

CONCLUSIONS

Rational management of patients with CAD and poor
LV function relies on proper identification of the subgroup
at high rink and those who have the highest potential of
benefiting from a particular type of treatment. It is now
well recognized that patients with CAD and LV dysfunc
tion have a high but viable mortality on medical therapy.
Many of these patients who have intractableheart failure
are considered candidates for cardiac transplantation. Dc
spite favorable survival after cardiac transplantation,this
procedure cannot be performed in 90% of heart failure
patients who are potentially eligible due to a shortage of
donor hearts. Cardiactransplantationis also an expensive
procedure. Thallium-201 rest-redistribution myocardial
scintigraphy and perfusion-FDG metabolism PET imaging
may be used to identify presence of hibernatingmyocar
dium. Both @Â°â€˜Tland PET imaging methods have high
accuracies for predicting recovery of regional and global
LV dysfunction following revascularization. The positive
and negative predictive accuracies of PET is higher than
20111 imaging in this regard. In patients with poor LV

function, the PET pattern of perfusion metabolism mis
match is also predictive of improvement in heart failure
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PREDICTION OF POTENTIAL FOR IMPROVEMENT IN
SURVIVALFOLLOWiNG REVASCULARIZA11ON

A major goal of noninvasive diagnostic procedures in the
assessment of CAD is to evaluate prognosis and to assess
the potential of survival benefit from a treatment plan.
Since survival of patients with LV dysfunction relates to
the restingLVEF, it may be impliedthatrest-redistribution
201T1scintigraphy and perfusion-FDG metabolism PET im
aging, by predicting improvement in LVEF also predict
survival after myocardial revascularization. Although this
hypothesis has not been evaluated by rest-redistribution
20111 scintigraphy, it has been addressed by two reports

using perfusion-FDG metabolism PET imaging.
Eitzman et al. (50) evaluated survival of 82 patients with

LV dysfunction during an average follow-up period of
12 mo. Of the 44 patients who demonstrated the PET
patternof mismatch, 18underwentmedical therapyand 26
were revascularized. Of the remaining38 patients who did
not have the PET patternof mismatch, 24 underwentmcd
ical therapy and 14 were revascularized. Table 5 summa
rizes cardiac mortality in the four subgroups and shows
that the highest mortality(33%)was noted in the subgroup
with PET mismatchwho underwentmedical therapy. Mor
tality rate was significantlylower in patients with the PET
mismatch patternwho were revascularized. Di Carliet al.
(51) evaluated survival of 93 patients with LV dysfunction
(averageLVEF = 25%)duringan averagefollow-upperiod
of 13.6 mo. Patients were categorized into four subgroups
based on the presence or absence of the PET mismatch
pattern and the type of treatment(medical therapyversus
myocardial revascularization). As shown in Table 5, find
ings were similarto those of Eitzmanand associates in that
the subgroup with PET pattern of mismatch on medical
therapy had the highest mortality of 41%. Of note, in the
subgroup with PET pattern of mismatch who underwent
revascularization, mortality was significantlylower at 12%.

In the study by Di Carli et al. (51), univariate analysis
indicated that the extent of mismatchwas the only predic
tor of survival. Heart failure class, current constructive
pulmonary disease, sex, age, prior myoca.rdial infarction,
presence of 0-waves on resting ECG, diabetes, hyperten
sion, presence of angina, LVEF, extent of PET matched
and revascularizationwere not predictorsof survival in the
univariate analysis. A stepwise Cox model analysis was
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symptoms and survival benefit after myocardial revascu
larization. These data suggest that a rational approach may
be developed for cost-effective management of patients
with CAD and poor LV function.
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