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(PTCA) is now more frequent and successful in older patients.

PET imaging of myocardial perfusion and metabolism identifies In these patient subgroups, preoperative risk/benefit assessment

regional viability as well as patients at high risk for future cardiac
events@This study evaluated a combined â€œhybridâ€•
imaging ap
proach using @â€˜Tc-sestamibi
SPECTand r8 F]fluoro-2-deoxy-Dglucose(FDG)PETwfth regardto reversibilityof regkxialdysfunction
and to patient clinicaloutcome during a 2-yr follow-up. Methods In
this study, 161 consecutive patients underwent baseline viability

@

for subsequent elective revascularization procedures is impor
tant and has created an increasing interest in preoperative
assessment of myocardial viability.
PET imaging allows for the detection of changes on the
cellular level in regions with reduced perfusion and contractil
imaging.,6Jl @rJ
wallmotion(RWM)abnormalitiesand 88% ity, which occur with either reversible myocardial ischemia or
had a history of previous myocardial infarction. Regions were irreversible necrosis (1â€”4). Normal or elevated uptake of
classifiedby semiquantitativeanalyalsof sestamit@and FDGuptake [â€˜8F}fluoro-2-deoxy-D-glucose (FDG) in regions with reduced
as normal,mild match, mismatchor scar. For clinicaloutcome, resting blood flow has been proposed as a metabolic marker of
patients were divided into three groups: predominantly scar tissue â€œhibernatingâ€•
myocardium, representing a reversible myocar
(GroupA, n = 90),mild match(GroupB, n = 26)and mismatch dial dysfunction, which improves after coronary revasculariza
(GroupC, n = 45).Treatmentwas performed with the knowledgeof
nuclear resutts. Cardiac events during follow-up were defined as tion (5â€”11).Furthermore, recent studies using PET indicated
death,myocardialinfarction,unstat@e
anginarequiringrevascular that elevated FDG uptake identifies patients at high risk for
future cardiac events if subsequent revascularization is not
ization, heart transplantation and survived resuscitation. Results
Patients were followed for 29 Â±6 mo. Revascularizationrate was performed and that other patient subpopulations do not benefit
30% in Group A, 81% in Group B and 80% in Group C, whereasthe from coronary revascularization with regard to subsequent
other patients were treated by medication. Only Group C demon
cardiac events (12â€”15).
strated a significant reduction of cardiac events after revasculanza
However, an onsite cyclotron for production of short-life
fion, whereas, particularly in Group A, revascularization did not PET perfusion tracers is cost-intensive and not widely available.
influencethe frequencyof events. Subjectiveassessment of angina Therefore, alternatives are of interest when combining meta
pectoris and heart failure revealedmore patients with improvement bolic imaging using FDG, produced at a central cyclotron with
after revascularizationas compared with conservativetreatment.Of
the84revasculanzed
patients,61underwentfollow-upangkgraphy delivery to several distant scanners (â€œsatelliteconceptâ€•),with
at 5 Â±2 mo with RWM analyalsusing the centerlinemethod. RWM either generator-produced PET perfusion tracers or scinti
(16â€”19).
improved only in mismatch regionsfrom â€”2.2Â±1.0 s.d. to â€”1.0Â± graphic perfusion markers such as @â€˜@Tc-sestamibi
1.4s.d.(p< 0.01),whereasregionswitha mildmatchorscardidnot Recent studies evaluating the predictive value of this â€œhybridâ€•
approach for functional outcome of regional wall motion
change. Conclusion: Nuclear imaging using @â€˜@â€˜Tc-sestamibi
SPECTand r8 F]FDGPETallowsdiagnosisof viabilityin regions (RWM) after coronary revascularization demonstrated compa
with reduced perfusion and function wfth prognostic implications for
rable results to PET assessment of perfusion and metabolism
functionaloutcomeas well as for kientificatiOnof pat@ntswho (16,20,21).
benefit most from revascularization.
The aim of this study was to evaluate the impact of a
Key Words PET;SPECT;coronaryarterydisease;myocardial combined nuclear imaging approach using 99mTc@sestamibi
viability
SPECT and [â€˜8F]FDGPET on changes of regional function
after coronary revascularization and on clinical outcome and
J NuciMed 1997;3&742-.748
prognosis of patients in relation to different nuclear viability
patterns and subsequent treatment.
W6th recent improvements in the treatment of acute myocar
dial infarction (MI), more patients with advanced coronary
artery disease (CAD) and reduced left ventricular function
survive the acute event and may be present in the postmnfarct

period with symptoms of either angina pectoris or heart failure.
Furthermore,

thrombolytic

therapy

or

acute

angioplasty
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MATERIAI@SAND MEIHODS
Patent Se@c@onand Subsequent Therapy
Nuclear imaging for assessment of myocardial viability was
performed from March 1990 until October 1992 in patients with

CAD and ischemic RWM abnormalities considered for coronary
revascularization. Patients were included in this prospective study
if they fulfilled the following inclusion criteria:
1. Significant CAD (diameter stenosis 70%) in at least one
major vessel proven by recent coronary angiography.
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FIGURE
1.Schematic
pktoftheshort-a,ds
slices
oftheleftventricle
ind@ating
the 25 regions.Theapexis in the center,andthe circum
ferentialregionsrepresentthe mostbasalplanes.Combinationof 25
regionsto 13segmentsandtheirassignmentto the coronaryartery
territories is indicated.

2. Reduced contractility (severe hypokinesis or akinesis) in the
region perfused by a vessel considered for revascularization.
3. Angina pectoris despite medical therapy.

4. Abnormalstresstestor scintigraphic
ischemia(optional).
Baseline exclusion criteria were recent myocardial infarction
(<6 wk) or unstable angina pectons and concomitant heart disease

(cardiomyopathy, valve disease).
For angiographic follow-up, patients with a cardiac event be
tween baseline studies and planned revascularization, patients with
left bundle branch block, atrial fibnllatione or permanent pace
maker were excluded, since these factors would have influenced
quantitative assessment of RWM. Beta-receptor blocking agents
had to be withdrawn for 48 hr before angiography.

Physicians were not restricted from assessing the nuclear data
for treatment decisions. PTCA was attempted in patients with
single-vessel disease. In patients with multivessel disease under
going PTCA, only stenoses with evidence for ischemia or pre
served viability were dilated. In cases with several viable or
ischemic regions supplied by 2 stenosed vessels, patients were
revascularized surgically. Bypass surgery (CABG) was performed
with complete revascularization iftechnically feasible. Thus, in the
case of multivessel disease, regions with evidence for maintained
tissue viability, as well as those identified as scar, were revascu
larized.
The protocol was approved by the local institutional ethical
board and patients gave informed consent before participation.
@

documented in
at follow-up.

2 identical orthogonal projections at baseline and

Data Mal@:
Nuclear Data and Viabilfty Definitions
The transaxial PET files were converted to the structure of
SPECT files. Short- and long-axis cuts of the isotropic transaxial
slices were rearranged to achieve corresponding tomograms using
a previously published method (1 7,24). Six short-axis slices were
divided into 25 regions, which were then combined to 13 myocar
dial segments (Fig. 1). Sestamibi and FDG uptake in each segment
was expressed as the percent of the uptake in the region with the
maximal sestamibi uptake (reference region). If perfusion was
reduced (sestamibi
70%), sestamibi and FDG uptake values
covering the perfusion defect were used for tissue characterization.
The following definitions of regional viability were applied:
normal, sestamibi uptake >70% of the reference region; â€œmis
match,â€•sestamibi uptake 70%, FDG minus sestamibi uptake

>20%, andFDG uptake>70%; mild match,mild reductionof
sestamibi uptake of Sl%â€”7O%without evidence for a mismatch
(FDG minus sestamibi uptake S20%); and scar, marked reduction
of sestamibi 50%, without evidence for a mismatch (FDG minus
sestamibi uptake 20%).
In the case of several tissue types within one artery territory, the

type covering most segments within the coronary distribution
territory was chosen for viability definition.
For clinical outcome analysis, the artery territory in question for
baseline viability assessment was chosen for furthercategorization
of the individual patient. For example, a patient submitted for
viability imaging of the akinetic anterior wall was categorized as
scar if he had a nuclear scar pattern in the anterior wall, even if
other regions displayed different viability patterns.

Technebum-@,rn-Sestamibi
Perfusion imaging was performed using standard protocols at
our institution (22,23). Patients were studied under anti-anginal
therapy at rest 2 hr after injection of 10 mCi 9@â€•Tc-sestamibi
with
a light meal after tracer application. Data were acquired using a
Gammasonics ROTA double-head camera equipped with a low
energy, all-purpose collimator allowing a simultaneous 3600 rota
tion (1800 for each camera head) with 2 X 30 steps of 6Â°.
Transaxial slices of 6.25 mm thickness were reconstructed using a
Butterworth filter third order and a cutoff frequency of 0.5.

Ventriculograms

Fluorine-18-FDG PET
After transmission imaging and glucose loading with 50 g
dextrose p.o., 6â€”8mCi [â€˜8F}FDGwere injected. Static imaging
was initiated 30â€”45mm after tracer injection for 30â€”40mm.
Transaxial images were reconstructed with a Hanning filter (cutoff
frequency 0.4) on a 128 X 128 matrix using a defined zoom factor
to obtain the same in-plane pixel size as the SPECT images, and
consecutive pairs of PET slices were combined to achieve an
identical axial pixel size for both imaging techniques (17,24).

(25â€”28).

Quantitative analysis of ventriculography was performed with
out the knowledge of clinical, angiographic or nuclear data.
Ejection fraction (EF) was calculated by the area length method.

RWM was analyzed by the centerline method in the distribution
territories of the three major coronary arteries and the deviation
from normal motion was expressed in units of s.d. of normal mean
derived from a reference population. Negative values indicate
hypokinetic RWM. Within each vessel territory, RWM was com
puted as mean motion in the most abnormally contracting region

Follow-UpAssessment

All hospital records were checked as the primary source,
particularly for the acute success of revascularization and for
hospital readmissions. Additionally, patients were contacted by
Coronary and Left Ventricular Mgiography
questionnaire after approximately 2 yr (22â€”44mo) to assess
Cardiac catheterization was performed using the Judkins tech
cardiac events defmed as MI, unstable angina requiring revascu
nique and recorded on cinefilm at 50 frames/sec. Left ventricular
larization, heart transplantation or survived cardiopulmonary resus
angiography was obtained in the 30Â°right anterior oblique and 60Â° citation since baseline assessment. For statistical analysis, only one
left anterior oblique view during deep inspiration. Vessels were event (the most severe one) was counted per patient. Patients
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TABLE I
ClinicalandAngiographicDataof AuPatientsandSubgroups
Group,@JI
Al

A2

Bl

B2

Cl

C2

Number1616327521936Men898789801008989Women1113112001111Age@yr)57Â±958Â±959Â±755Â±955Â±955Â±857Â±9Pre@ousMl8

(class)1
.8Â±0.91
.8 Â±0.82.1
Â±1.11
.4 Â±1.01
1.1EF(%)45Â±1244Â±1341Â±1248Â±147Â±105OÂ±l4@49Â±lQ*1-vessel

.5Â±1.122

Â±1.21

.6Â±

disease314312*202422302-vesseldisease30333040
â€¢3322253-vessel
disease392459*4@435@45

â€˜p
< 0.05vs.groupAl.
tp < 0.05vs.groupAl.
@p
< 0.05vs.groupA2.

Resultsareexpressedinpercentor as meanÂ±s.d.

ccs =angina
pectoris
symptoms
according
totheclassification
oftheCanadian
Cardiovascular
Society(29);
NYHA
= heartfailure
symptoms
according
totheclasalfication
oftheNewYorkHeartAssociation
(30)EF= leftventricular
ejectkxifractionMl= myocardial
infarction.
reported their subjective judgment of anginal symptoms according
to the Canadian Cardiovascular Society (CCS) classification (29)
and heart failure symptoms according to the New York Heart
Association (NYHA) classification (30) and their overall impres
sion of clinical outcome since baseline evaluation. If this question
naire indicated further hospital admissions, the records of this
hospital were checked, particularly for evidence of a cardiac event.
If patients did not respond to the first questionnaire, a second
â€œreminderâ€•
was sent to them. If patients did not respond (this was
the case in 18%), they were contacted by phone. Finally, if patients
could not be contacted, relatives or the patients' physician were
asked for further information.
Sthb@cal Ana@
Values are presented as mean Â±1 s.d. Comparisons between

two datasets with continuous variables were made by Student's
t-test using the software StatView 4.02 (Abacus Concepts Inc.,
Berkeley, CA). Comparisons of continuous variables between
more than two groups defmed by categorical variables were
performed by Kruskallâ€”Wallistest. Probability values (p) <0.05
were considered significant.

(Group A). Of these 90 patients, 63 (70%) were treated conserva
tively (Group Al), while 27 patients (30%) underwent revascular
ization (Group A2). Patients in Group A2 had preoperatively more
severe angina and more often multivessel disease but no difference
with regard to heart failure symptoms (Table 1, Fig. 2).
Twenty-six patients displayed a predominantly mild match
pattern without evidence for a perfusion/metabolism mismatch in
the target region (Group B). Five (19%) were treated conserva
tively (Group B 1), and 2 1 patients (8 1%) were revascularized
(Group B2). Clinical and angiographic baseline data are outlined in
Table 1 and Figure 2. Similar to Group A, there were differences
with regard to preoperative angina. Due to the small number of
patients in Group Bl, no statistical comparison was performed.
Group C consisted of 45 patients with a mismatch pattern. Nine
of the 45 patients (20%) were treated by medication only (Group
Cl) and 36 patients (80%, Group C2) underwent CABG or PTCA.
As presented in Table 1, there was no significant symptom-related
@A1/A2 A1/A2

B1/B2

B1!B2

c11C2

CIIC2

RESULTS

@
@

Patient Baseline Data and Subsequent Therapy
Overall, 161 consecutive patients (144 men, 57 Â±9 yr) were
recruited prospectively. Clinical and angiographic data are sum
marized in Table 1. Of these patients, 142 (88%) had a history of
chronic (6 wk) MI, with 46 patients having thrombolytic therapy
or PTCA during the acute phase. Thirty-four patients (21%) had a
history of several infarcts. The interval between baseline catheter
ization and baseline nuclear imaging was 3 Â±2 wk. The interval
between baseline viability imaging and subsequent revasculariza
tion was 4 Â±3 wk finally resulting in an overall interval of 7 Â±3
wk between recruitment and revascularization.
Follow-up data were available for all patients (except for those
who died during hospital stay) with a mean follow-up interval of
29 Â±6 (22â€”44)mo. Of the 161 patients, 77 (48%) were treated
conservatively and 84 patients (52%) underwent elective revascu
larization, with 52% ofthem undergoing CABG and 48% receiving
PTCA.
According to the above criteria, 90 patients were categorized as
having predominantly scar in the target region for viability imaging
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class CCS/NYHA:

I/fl I IlI/lV

FIGURE2. Angina
pectons
symptoms
andheartfallure
symptoms
ina
percentageof patientsat baselinewithinthe patientsubgroupsdefinedby
myocardialVinbilitycriteria(seeMaterialSand Methods).CCS = angina
pectorisclassaccordingto the definitionof the CanadianCardiOvasCUlar
Society(29);NYHA= heartfailuresymptomsaccordingto the definitionof
the NewYorkHeartAssociation(30).
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TABLE 2
Rate of Cardiac Events and Subjective Improvement of Cardiac Symptoms Improvement
CCS (29)ClassifIcation
CCSAl

Group

(scar,medicaltreatment)
(3)16(25)A2
(63)*Bl
(scar,revascularized)
(20)0B2
(mildmatch,medicaltreatment)
(33)16(76)Cl
(mildmatch,revascularized)
(11)C2
(mismatch,
medicaltreatment)
(69)@All
(mismatch,
revasculanzed)
medicaltreatment
(5)17(22)All
(69@'*p
revasculanzed

n

Cardiac
eventImprovement

63

12(19)2

27
5

6 (22)4
1 (20)1

21
9
36

3(14)7
2(22)1
01

77
84

16(21)4
8 (10)22

1 Grade According to the NYHA (30)and

NYHAImprovement

7

(15)*1
(11)1
1(3l)t25
(26)@58

Al.tp
< 0.05vs.
Cl.@p
< 0.05vs.
Cl.Â§p
< 0.01vs.

treatmentâ€œp
< 0.05vs.medical
treatment.Presented
< 0.01vs. medicl
parentheses).n
arethe absolutepatientnumbersandpercentwithineachsubgroup(in
= number of patients; NYHA= NewYorkHeart Association;CCS = CanadinnCardiovascularSociety.

difference between these two groups. Patients with a mismatch had
a higher baseline EF (Table 1) and a lower proportion of patients
with heart failure NYHA class III or IV as compared with patients
with scar (Fig. 2).

ClinicalOutcomeand CardiaCEventsDuringFollow-Up
Many patients in Group A reported improved quality of life by
subjective assessment. At follow-up, 56% of patients in Group A2
and 31% in Group Al reported overall subjective improvement. In
Group Al 72% were in class I/I! CCS and 86% in class I/I! NYHA
at follow-up. The corresponding numbers were 73% and 81% in
Group A2, respectively. The rate of cardiac events did not change
with revascularization in this group. Seven out 63 patients (1 1%)in
Group Al died from cardiac events; 6 during a Ml and 1 patient
suffered a sudden cardiac death. Four patients (6%) survived a
nonfatal MI or cardiopulmonary resuscitation, and one patient
underwent heart transplantation. Two patients in Group A2 (7%)
died during an acute myocardial infarction, and four patients (15%)
survived a cardiac event. The overall event rate was 19% in Group
Al and 22% in Group A2.
In Group B, two patients died; both were in Group B2. One
patient in Group B 1 survived a sudden cardiac death. The overall
rate ofcardiac events was 20% in Group Bl and 11% in Group B2.
Development of clinical symptoms is presented in Table 2. As in
Group A, revascularized patients demonstrated substantial im
provement. In Group B2, 58% showed overall improvement of
clinical symptoms, whereas none of the five patients in Group Bl
reported benefit at follow-up.
Two patients in Group C died during an acute MI. Both were in
Group Cl (22%); one of them was waiting for a planned but
delayed CABG (because he did not have revascularization at this
time and was treated conservatively for the 9 mo since his baseline
studies, he was assigned for the analysis to Group Cl). Overall,
cardiac events in Group C2 were significantly lower when com
pared with Group Cl and with Group A. Subjective improvement
was seen more frequently in patients being revascularized. In
Group C2, 94% of the patients were in CCS class I/Il and 100%
were in NYHA class I/Il. Nearly 70% percent of the patients in
Group C2 reported subjective improvement of angina and 100%
reported improvement or unchanged symptoms with regard to heart
failure.
EFFECT OF MYOCARDIAL

Angiography
In 23 of 84 revascularized patients, no angiographic follow-up
was available: four patients had valve replacement or aneurysmec
tomy during surgery, and four patients died between surgical
revascularization and repeat angiography. In four patients, angiog
raphy seemed not indicated due to a complicated course after
revascularization or as a result of new noncardiac diseases. Eleven
patients refused follow-up angiography. These 15 patients were

asymptomatic and had no noninvasive evidence of recurrent
ischemia.
Thus, 61 of 84 patients underwent follow-up angiography at 5 Â±
2 mo (2â€”20 mo) after revascularization.

In 16 of the 61 patients,

at

least one film was unsuitable for centerline analysis. This was
either due to insufficient contrast of the left ventricular contour or
to arrhythmias. Those 45 patients with analyzable paired angio
grams (23 with PTCA, 22 with CABG) were the final source for

quantitative RWM analysis.
Nuclearlissue Characteriza@on
and FunctionalChanges
at Follow-Up
In this study, 135 coronary territories (45 patients with three
territories each) were analyzed. Of these 135 regions, 82 (61%)
were revascularized and 53 (39%) were not revascularized. Base
line tracer uptake values are presented in Table 3. FDG uptake of
hypoperfused regions differed (by defmition) significantly between
mild match, mismatch, and scar regions. The 53 nonrevascularized
regions displayed normal tracer uptake indicating no critical
stenoses and no evidence for previous MI.
The results of serial RWM measurements are presented in Table
2. RWM

improved

in all revascularized

regions

from â€”1.5 Â± 1.1

to â€”1.1Â± 1.3 s.d. (j' < 0.01). This was due to changes in
mismatch regions (an example is illustrated in Fig. 3) since they
improved from â€”2.2Â±1.0 to â€”
1.1 Â±1.4 s.d. (j < 0.001) and
differed from all other groups (j < 0.01). If only successfully
revascularized mismatch regions (sestamibi 52% Â± 10%, FDG
92% Â±11%) without restenosis or graft failure (defined as 50%
diameter stenosis) were analyzed, RWM improved from â€”2.3Â±
1.0 to â€”0.8Â± 1.5 s.d. (j < 0.001), whereas regions with a
mismatch (sestamibi 56% Â±8%, FDG 105% Â±30%) but evidence
for recurrent hypoperfusion did not change (â€”2.0 Â±0.6 and
â€”2.0Â±0.4 s.d.).
In contrast, regions with a mild match pattern (â€”1.5 Â±0.7 and
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TABLE 3
PreoperativeRegionalSestamibi and FOGUptake Values and RWM at Baselineand at Follow-up Angiography

ofSestamibiFDGRWMRWMRegions
No.
Patients(%)(%)baselinefollow-up
Allrevascularized8264Â±1681Â±21â€”1.5Â±1.1Normal2588

Â±492
Â±9â€”0.3
1.2Mildmatch1160Â±758Â±6â€”1.7Â±0.7â€”1.5Â±0.7Mismatch3357
Â±1098

.4@Scar1337

0.8Nonrevascularized5379

Â±835

Â±1584

Â±15â€”2.2
Â±13â€”2.1
Â±20â€”0.5

Â±0.9â€”0.4

Â±

Â±1.0â€”1
Â±1.1â€”2.2
Â±1.0â€”0.8

.0 Â±1

Â±
Â±0.9

â€˜p
< 0.05vs.RWMbaseline.
tp < 0.001vs. RWMbaseline.
Fordefinitionsof tissuecategorization
by @â€˜1c-sestamibi
andFOGuptakeseeMaterialsandMethods.FDGandMIBIuptakearemeanÂ±s.d.inpercent
of the individualreferenceregion.RWMvaluesares.d.Â±s.d.

â€” 1.7

Â±

0.7

s.d.,

respectively)

â€”2.2 Â±0.8 s.d., respectively)

and

those

with

scar

did not improve.

(â€”2.1

Â±

As expected,

1.1

and

there

was no RWM change in nonrevascularized regions (â€”0.5Â±1.0
and â€”0.8Â±0.9 s.d., respectively).
Overall, the EF improved from 47% Â±10%to 52% Â±11%(p <
0.01). With respect to preoperative viability, global EF improved in
patients with revascularization of 1 mismatch territoryfrom 46%
Â±9% to 54% Â±11% (p < 0.01). Ifpatients without any mismatch
were revascularized, there was no change of global function (EF of
47% Â±11%, and 42% Â±14%, respectively).

DISCUSSION
In this study, patients with angiographically proven CAD and
reduced regional and global left ventricular function were
followed for a mean of 2.5 yr and the clinical outcome as well
as the change of regional function was analyzed with regard to
baseline hybrid viability imaging and to subsequent therapy.
Subjective assessment of symptoms demonstrated improvement
after revascularization regardless of preoperative tissue catego
rization. Patients treated medically reported less benefit despite
similar baseline values for heart failure and ventricular function
as those being revascularized. With regard to the frequency of
cardiac events during follow-up, only patients with a preoper
ative mismatch followed by revascularization showed a signif
icant prognostic benefit, whereas in patients with scar tissue
revascularization did not alter the clinical outcome. Serial
analysis of RWM revealed improvement if regions displayed a
preoperative mismatch. In contrast, regions with slightly re
duced perfusion and maintained FDG uptake but without a
mismatch (mild match) and those categorized as scar did not
improve.
Prognostic and Clinical Implications of Viability Imaging
The identification of ischemically compromised regions al
lows not only detection of principally reversible myocardial
dysfunction but also identification ofpatients with high risk for
future cardiac events and those who will benefit most from
coronary revascularization.
Several PET studies show that
patients with evidence for hibernating myocardium are at high
risk for future cardiac events if they are not revascularized
(12â€”15).In these studies, the overall rate of cardiac events was
48% in patients with mismatch and without subsequent revas
cularization, whereas only 13% of revascularized patients with
a preoperative mismatch suffered a cardiac event. In contrast,
revascularization of patients without evidence for ischemically
compromised myocardium did not result in a reduction of
cardiac events. The previously reported fact that ventricular
arrhythmias after myocardial infarction often occur in regions
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with a PET perfusion/metabolism mismatch supports this find
ing (31).
In our study, the rate of cardiac events in patients with scar
tissue was approximately 20% with or without subsequent
coronary revascularization, but revascularization of patients
with a mismatch pattern reduced future events significantly. All
these studies consistently demonstrate the need for coronary
revascularization, if technically feasible, if viability imaging
reveals evidence for ischemically jeopardized myocardium.
Furthermore, a recent analysis from our laboratory indicated
that the duration of hibernation may play a critical role for
functional outcome, since global ventricular function of patients
revascularized within 30 days improved significantly more
compared with those with delayed revascularization (32).
Therefore, patients with evidence for ischemically compro
mised myocardium should undergo coronary revascularization
as soon as possible.
The fact that the rate of cardiac events was only 22% in this
study as compared with 48% pooled from the above-cited
reports may be due to the mild reduction of global left

ventricular function and the higher rate of patients with single
vessel disease in our study. Most of the previous studies
recruited patients with multivessel disease and an EF below
40%. Thus, our patients were in a relatively low risk subpopu
lation. Patient recruitment in our institution during the first year
was aiming at the quantitative analysis of RWM outcome with
regard to baseline SPECT/PET imaging. Therefore, patients
with single-vessel disease and smaller dyskinetic regions un
dergoing PTCA were recruited. This does not reflect the typical
patient population with advanced CAD and markedly reduced
EF where viability imaging is most helpful. The relative

preserved global function may explain further, independent of
viability patterns, why patients in the mismatch group had the
best prognosis after revascularization, since their baseline EF
was already higher as compared with Group A and their global
function improved even more after revascularization. However,
the functional improvement of mismatch regions in contrast to
mild match or scar patients may contribute to the prognostic
benefit of these mismatch patients, but its definitive role has to
be evaluated in studies with larger patient populations.
This study shows that revascularization of patients with a
mild match pattern, who have evidence for maintained viability
but who lack a mismatch, fails to benefit either prognosis or
ventricular function, although there is subjective improvement.
This viability pattern may reflect a mixture of subendocardial
necrosis and viable tissue, resulting in an imaging signal of a
mild match. The amount of truly hibernating myocardium may
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be too small to result in a significant improvement of ventric
ular function, but revascularization of these regions may pre
vent further ventricular enlargement, preserve functional re
serve and reduce stress-induced ischemia and thus lead to
subjective improvement of cardiac symptoms.
Similarly, independent of the incidence of future events, the
study demonstrates that patients with evidence for scar tissue in
the target region may benefit from revascularization with regard
to subjective judgment of symptoms. This effect occurred
despite missing objective improvement ofRWM in scar regions
(9,21). However, inherent problems of subjective judgment and
some bias due to a â€œplacebo
effectâ€•of coronary revasculariza
tion cannot be ruled out. In addition, patients in Group A2 had
more severe angina at baseline as compared with Group Al.
This reflects that more patients in Group A2 with multivessel

afterPitA with improvementof global

EF.(B)MidVentricUlar
short-axis
images

of the baselinesestamibiSPECT(left)
andthe FDG-PEr(right)studiesindicat

inga pertUSiOrt/metabOlISm
mismatch
in
theanteriorwall.
disease were suffering from angina originating from other
stenosed vessels. Therefore, revascularization of those remote
arteries with relief of symptoms may be important for the
subjective improvement.

Umitationsand TechnicalConsiderations
Comparison ofdata acquired by different imaging techniques
such as SPECT and PET inherits other technical aspects
(1 7,33), such as the higher spatial resolution capacity of PET,
particularly in thinned infarcted myocardial regions. Beside

â€œtrueâ€•
sestamibi/FDG mismatches, missing attenuation correc
tion with SPECT may be an important reason for discordant
results between both techniques, particularly in the inferior wall
(19,33,34). In our study, we did not find significant differences
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in angiographic or clinical outcome of mismatches in the
inferior wall as compared with other regions.
Our approach with large territories to assess regional func
tional changes limits the sensitivity to detect small mismatch
regions and subsequent functional recovery because these
regions are not detected by the centerline method. Furthermore,
the exact localization and correlation ofregions is a challenging
problem in combining tomographic studies with two-dimen
sional angiographic images. However, the large angiographic
territories and the subsequent adaptation of nuclear tomo
graphic segments to vessel distribution territories limit this
problem, since minor regional misalignments are balanced by
the centerline method (25).

ization in patients with preoperative myocardial infarction. Eur J Cardio-thorac Surg
1992;6:479â€”484.
10. Gropler Ri, Geltman EM, Sampathkumaran K, Ctal. Comparison ofcarbon-l 1-acetate

with fluorine-18-fluorodeoxyglucose for delineating viable myocardium by positron
emission tomography. J Am Coil Cardiol 1993;22:l587â€”l597.
11. vom Dahl J, Eitzman DT, Al-Aouar ZR, Kanter HL, Hicks Ri, Schwaiger M.
Relationship between regional function, perfusion and metabolism in patients with
advanced coronary artery disease undergoing surgical revascularization. Circulation
I994;90:2355â€”2366.
12. Eitzman D, Al-AouarZR, Kanter HL, et al. Clinical outcome ofpatients with advanced
coronary artery disease after viability studies with positron emission tomography. JAm

Coil Cardiol 1992;20:559â€”565.
13. Tamaki N, Kawamoto M, Talcahashi N, et al. Prognostic value of an increase in

fluorine-18-deoxyglucose uptake in patients with myocardial infarction: comparison
with stress thallium imaging. J Am Coil Cardiol 1993;22:1621â€”1627.
14. DiCarli MF, Davidson M, Little R, et al. Value of metabolic imaging with positron
emission tomography for evaluating prognosis in patients with coronary arteiy disease
and left ventricular dysfunction. Am J Cardiol 1994;73:527â€”533.

15. Lee KS, Marwick TH, Cook SA, Ct al. Prognosis of patients with left ventricular
dysfunction with and without viable myocardium after myocardial infarction: relative
efficacy of medical therapy and revascularization. Circulation l994;90:2687â€”2694.
16. Lucignani 0, Paolini 0, Landoni C, Ct al. Presurgical identification of hibernating
myocardium by combined use oftechnetium-99m hexakis 2-methoxyisobutylisonitrile

CONCLUSION

A combined hybrid nuclear imaging approach using 99mTc..
sestamibi SPECT and FDG-PET with quantitative tracer uptake
single-photon emission computed tomography and fluorine-18-fluoro-2-deoxy-Danalysis allows identification of myocardial viability in regions
glucose positron emission tomography in patients with coronary artery disease. Eur
with reduced perfusion and contractility. The preoperative
JNucl Med 1992;19:874â€”881.
17. Altehoefer C, vom Dahl J, Biedermann M, et al. Significance of defect severity in
identification of perfusion/metabolism mismatch, when fol
Technetium-99m-MIBI SPECT at rest to assess myocardial viability: comparison with
lowed by timely and successful revascularization, was associ
fluorine-l8-FDG PET. J Nuci Med 1994;35:569â€”574.
ated with the greatest reversal ofwall motion abnormalities and, 18. Dilsizian v, @rri@in
JA, Diodati JO, et al. Myocardial viability in patients with chronic
coronary artery disease: comparison ofTc-99m-sestamibi with thallium reinjection and
more importantly perhaps, with a significant reduction of the
F-18 fluorodeoxyglucose. Circulation 1994;89:578â€”587.
cardiac event rate. These data, in combination with previous
19. Sawada SG, Aliman KC, Muzik 0, et al. Positron emission tomography detects
evidence of viability in rest technetium-99m-sestamibi
defects. J Am Coil Cardiol
studies reporting PET assessment ofperftision and metabolism,
1994;23:92â€”98.
suggest that evidence of a perfusion/metabolism
mismatch
20. Knuuti Mi, Saraste M, Nuutila P. et al. Myocardial viability: fluorine-18-deoxyglucose
should be followed as soon as possible by coronary revascular
positron emission tomography in prediction of wall motion recovery after revascular
ization. Am Heart J 1994;l27:785â€”796.
ization, if technically feasible.
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