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The presence of myocardial viability is predictive of improvement
in regional left ventricular (LV) function after revascularization.
Studies on predicting improvement in global LV function are
scarce, and the amount of viable myocardium needed for improve-
ment in LV ejection fraction (LVEF) after revascularization is un-
known. Moreover, whether the presence of viability is associated
with relief of heart failure symptoms after revascularization is un-
certain. Hence, the aims were to define the extent of viable myo-
cardium needed for improvement in LVEF and to determine
whether preoperative viability testing can predict improvement in
heart failure symptoms. Methods: Patients (n = 47) with ischemic
cardiomyopathy (mean LVEF * SD, 30% = 6%) undergoing sur-
gical revascularization were studied with 8F-FDG SPECT to as-
sess viability. Regional and global function were measured before
and 3-6 mo after revascularization. Heart failure symptoms were
graded according to the New York Heart Association (NYHA) cri-
teria, before and 3-6 mo after revascularization. Results: The
number of viable segments per patient was directly related to the
improvement in LVEF after revascularization (r = 0.79, P < 0.01).
Receiver operating characteristic curve analysis revealed that the
cutoff level of four viable segments (representing 31% of the left
ventricle) yielded the highest sensitivity and specificity (86% and
92%, respectively) for predicting improvement in LVEF. Further-
more, the presence of four or more viable segments predicted
improvement in heart failure symptoms after revascularization,
with positive and negative predictive values of 76% and 71%,
respectively. Conclusion: The presence of substantial viability
(four or more viable segments, 31% of the left ventricle) on FDG
SPECT is predictive of improvement in LVEF and heart failure
symptoms postoperatively.
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I dentification of viable yet jeopardized myocardium
helps in selecting patients for whom poor left ventricular
(LV) function (ejection fraction), secondary to chronic
ischemic heart disease, may improve after revasculariza-
tion (1,2). Many studies, using various modalities, have
focused on prediction of functional recovery, mainly re-
gional, after revascularizatiorB{8). In contrast, studies
focusing on predicting improvement in global LV function
(which may be more relevant in the clinical setting) are
scarce (3-5,8). The available evidence suggests that im-
provement in LV ejection fraction (LVEF) can be expected
only when a substantial amount of viable myocardium is
present before revascularization. However, the exact rela-
tionship between improvement in LVEF and the amount of
viable myocardium is unclear, as emphasized recently by
Rahimtoola (9).

Bonow (10) recently suggested that, besides improve-
ment in LVEF after revascularization, improvement in heart
failure symptoms should be used to assess the clinical
benefit of revascularization. Thus far, mainly patients with
relatively preserved LV function (LVEE 35%) presenting
with angina pectoris instead of heart failure symptoms have
been studied, as was recently pointed out in a panel report
from the Wintergreen meeting of the American Society of
Nuclear Cardiology 11). Hence, we studied a large group
of patients with severely depressed LV function (mean
LVEF £ SD, 30%= 6%) who presented mainly with heart
failure symptoms, and we evaluated the relationship be-
tween the preoperative extent of viable myocardium and the
postoperative improvement in LVEF and whether preoper-
ative viability testing allows prediction of postoperative
improvement in heart failure symptoms.

The technique used to evaluate myocardial viability was
18F-FDG SPECT. Cardiac FDG imaging with SPECT and
511-keV collimators has been evaluated by several centers
during the last 5 yX2-15).
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MATERIALS AND METHODS diography) were considered viable either when perfusion was
Study Population normgl or when a perf.u5|on—FDG. mismatch was present; dys-
rﬁf@ctlonal segments with a perfusion—-FDG match were consid-

Forty-seven patients with coronary artery disease and ische . - .
cardiomyopathy (40 men, 7 women: age range, 43—76 y: mean a reed nonviable (12,15). Matches were subdivided into nontrans-

61y; LVEF range, 14%-39%; mean LVEF, 30266%) who were Ural matches (tracer activitiess 60%) and transmural
scheduled for surgical revascularization were enrolled in the studmf"m:hes (tracer activities 60%) (16). Although the nontrans

o . . . ral match r i i i
The reasons for revascularization were heart failure in 38 patner?%' al matches are a mixture of subendocardial scars and viable

and angina pectoris in 9. The decision for revascularization w r%ormal) tissue, improvement in th_e function of these segments
made independently from the SPECT data. was recently shown to be not likely (16). Therefore, both

All but one patient had a previous infarction (>1 mo beforgubcateg_orles were classn‘le_d as nonviable. .
entry into the study), and 36 exhibited pathologic Q waves on th,eAnalyS'.S of Regional Functlon _Before and Aiter Revascular!za-
electrocardiogram (24 anterior, 7 inferior, and 5 both). All patienltéon' Regl_onal contractile function was eyaluated by resting
had significant coronary artery disease on angiograph§086 ef;hocardlography bgfore revascularlzatlop. Four standard
reduction in luminal diameter of at least one major epicardié{fewS of the left ventricle were recorded on videotape: paraster-

coronary artery). They had an average of 2:70.5 stenosed nal long- and short-axis views and apical two- and four-cham-

vessels. Five patients had diabetes mellitus type II, which was WBﬁr views. The images were reviewed off-line, and consensus
regulated by oral hypoglycemic medication. All patients werd'as rea(_:hed by two observers unaware of the SPECT data. For
stable during the study; none had unstable angina or myocar f”ICt_ ahgnmen_t _Of th? echo data and SPECT data, the Ie_ft
infarction between revascularization and the scintigraphic studi\é%ntrlcle was divided into 13 pomparable se_gmt_ants as previ-
or after the intervention. The mean interval between the SPE sly reported (12,15): one apical segment, six distal segments

study and revascularization was 2:21.3 mo. Patients with 3—4+ anterior, anterolateral, inferolateral, inferior, inferoseptal, and

(moderate to severe) mitral regurgitation were excluded. Eagﬁteroseptal), and six basal segments (comparable with the

patient gave informed consent to the study protocol, which wgésml segments). Both inward wall motion and wall thickening

approved by the ethical committees of the participating hospita]@ere anal_yzed. Each segment was asslgned a wall motion score
of 0—3, with 0= normal, 1= hypokinetic (decreased endocar-
Study Protocol dial excursion and systolic wall thickening), 2 akinetic
Regional PerfusionMyocardial perfusion was assessed by restabsence of endocardial excursion and systolic wall thickening),
ing 201T] SPECT (performed within 15 min after tracer injection)and 3= dyskinetic (paradoxic outward movement in systole).
or 99T ¢c-tetrofosmin SPECT. Data were stored in X684, 16-bit Follow-up echocardiography was performed 3—6 mo (mean,
matrix. From the raw scintigraphic data, 6-mm-thick (1 pixel#.3 = 1.8 mo) after revascularization. Improvement in wall
transaxial slices were reconstructed by filtered backprojection. Thetion by one grade or more was considered the gold standard
slices were not corrected for attenuation. Further reconstructitor viability (on a regional basis). Improvement from dyskinesia
yielded long- and short-axis projections perpendicular to the hetptakinesia was not considered an improvement in function. The
axis. observers were unaware of whether the echocardiograms had
Regional Glucose Usévlyocardial glucose use was evaluatedeen obtained before or after revascularization.
by FDG SPECT during hyperinsulinemic euglycemic clamping. Analysis of Global Function Before and After Revasculariza-
The details of the FDG SPECT studies have been describiah. LVEF (before and 3—-6 mo [mean, 4.3 1.8 mo] after
elsewhere (12,15). For the detection of 511-keV photons, specialBvascularization) was assessed by equilibrium radionuclide
designed collimators were used (van Mullekom; Nuclear Fieldggntriculography. Radionuclide ventriculography was per-
Boxmeer, The Netherlands]Z,15). Reconstruction of data wasformed at rest with the patients supine after administration of
identical to that for the perfusion studies. The perfusion study aid0 MBq °*"Tc. Images were acquired with a small-field-of-
the FDG SPECT study were performed on the same day. Cardiaew gamma camera (Orbiter; Siemens Corp., Iselin, NJ) ori-
medication was continued during the study. Medication consistedted in the 45° left anterior oblique position with a 5°-10°
of B blockers, angiotensin-converting enzyme inhibitors, nitratesaudal tilt. The LVEF was calculated from the 45° left anterior
calcium antagonists, diuretics, and aspirin and was left unchangsaique view by an automated technique, whereas the radionu-
after the revascularization. clide ventriculography program required supervision to ensure
SPECT Image AnalysiFhe perfusion and FDG SPECT dataadequate discrimination and separation between the left atrium
were analyzed quantitatively as described elsewh&&16). and the left ventricle and correct positioning of the background
Briefly, circumferential profiles (60 radii, highest pixel activityROI near the left ventricle. Improvement in global function
per radius) from the available short-axis slices were generatefier revascularization was defined as an increase of at least 5%
(after alignment of the perfusion and FDG short-axis slices) anidl LVEF. This cutoff criterion had been used previousH).(
displayed in a polar map format. The polar maps were dividethus, the gold standard for viability on a global basis (patient
into 13 segments (using segments similar to those for echochgasis) was considered an improvement of at least 5% in LVEF
diography). after revascularization. The observers who supervised the au-
Segmental activities were compared with normal databasésmated program were unaware of whether the radionuclide
and perfusion defects were detected (when segmental activitietriculograms had been obtained before or after revascular-
were less than two SDs below normal). The segments exhibitifzation.
a perfusion defect were subdivided into matches (concordantlyAssessment of Symptoms Before and After Revascularization.
reduced perfusion and FDG uptake) or mismatches (reducEdnctional status was assessed according to the New York
perfusion with increased FDG uptake), as described previoudtieart Association (NYHA) criteria (for symptoms of heart
(12,15). Dysfunctional segments (detected by resting echocé&atiure) and according to the Canadian Cardiovascular Society
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Transmural match

23%
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57% non-viable
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tion of various patterns on SPECT in the
5% 346 dysfunctional, revascularized seg-
ments.

Non-transm:ura : ' ' ] FIGURE 1. Pie chart showing distribu-
34% Normal perfusion
2

(CCS) classification (for angina pectoris). For each patient, the Of the 346 dysfunctional segments, 124 improved in
functional status before and 3—6 mo after revascularization Wagction after revascularization, 200 remained unchanged,
determined by interviews and physical examinations conductggd 22 deteriorated. Of note, function improved in 64 of the
by an investigator who was unaware of the SPECT and LVEE gments with normal perfusion, in 41 mismatches, in 15
data. nontransmural matches, and in 4 transmural matches. The
Statistical Analysis accuracy in predicting improvement on a regional basis is
Descriptive results are expressed as meaSD. Patient data shown in Table 1.
were compared using the Studentest for paired and unpaired A significant relationship existed between the number of
data when appropriate. Proportions were compared ygiagat  viable segments on SPECT and the magnitude of improve-
ysis. Simultaneous comparison of more than two mean values Wagnt in LVEF after revascularization (Fig. 2), suggesting
performed using one-way ANOVA. The relationship between thg,at the extent of viability determined the magnitude of
number of dysfunctional and viable (or nonviable) segments agdl . ement in LVEF after revascularization. In addition, a

the change in LVEF after revascularization was determined b sak inverse relationshio existed between the number of
linear regression analysis. Multivariate logistic regression analysis P

was performed to determine which variable best predicted irﬂ_onwable segments and the magnitude of improvement in
provement in LVEF after revascularization. Subsequently, receivieVEF (Y = 9.2 — 1.4x,r = 0.45,P < 0.05).

operating characteristic (ROC) analysis was performed to deter-Patients.Twenty-one patients (45%) showed improve-
mine the optimal number of dysfunctional yet viable segments dnent in LVEF &5%) after revascularization. The char-
SPECT, allowing discrimination between patients with and wittacteristics of the two groups are shown in Table 2. No
out improvement in LVEF after revascularization. The optimasignificant differences between the two groups were
number of segments was defined as that providing the maxinibted, except for the number of viable segments on
sum of sensitivity and specificity? < 0.05 was considered sig- SPECT, the number of nonviable segments on SPECT,

nificant. and the history of a Q-wave myocardial infarction. Mul-
tivariate analysis (including sex, age, Q-wave myocardial

RESULTS infarction, angina class [CCS], heart failure class

Functional Outcome and Relationship with SPECT [NYHA], number of stenosed coronary arteries, LVEF,

SegmentsOf the 611 segments analyzed by echocanumber of viable segments, and number of nonviable
diography, 265 had normal wall motion and 346 hadegments) showed that the number of viable segments
abnormal wall motion before revascularization. Of the
346 dysfunctional segments, 184 were hypokinetic and
162 were akinetic or dyskinetic. The mean number of
abnormal segments per patient was F.2.3. Eighty-five
dysfunctional segments had normal perfusion, whereas

TABLE 1
Accuracy of SPECT in Assessing Improvement
in Regional and Global LV Function

261 segments had a perfusion defect; 64 perfusion de- Regional LV Global LV
fects showed increased FDG uptake (mismatched pat- function function
Index (segments) (patients)

tern), and 197 had concordantly decreased FDG uptake

(matched pattern, with 78 transmural matches and 11%egative predictive value ~ 90% (178/197) 89% (24/27)
nontransmural matches) (Fig. 1). Thus, according to thePositive predictive value 70% (105/149)  90% (18/20)
viability criteria for SPECT, 149 segments (43%) were Sensitivity 85% (105/124)  86% (18/21)
viable. Specificity 80% (178/222)  92% (24/26)
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FIGURE 2. Scatterplot showing significant relationship be-
tween number of viable segments on SPECT and improvement

in LVEF after revascularization (y = 4.1 + 2.4x,r = 0.79, P <
0.001).

was the only predictor of improvement in LVEF afte
revascularization; the number of nonviable segments (
the combination of both) did not contribute significantly

Prediction of Improvement in LVEF After Revasculariz
tion. ROC curve analysis showed that the cutoff level o
four dysfunctional but viable segments yielded the higr&—'r
est sensitivity and specificity (Fig. 3); with this cutoff
level, a sensitivity of 86% and a specificity of 92% wer
obtained (Table 1). Accordingly, patients were divide
into three groups with a similar baseline LVEF. Group %

TABLE 2
Clinical Data Before Revascularization

Patients with Patients without

improvement*  improvement*
Category (n=21) (n = 26) P

Age (y) 62 =8 61 =12 NS
Sex (M/F) 3/18 4/22 NS
Q-wave myocardial 13 (62%) 23 (88%) <0.05

infarction
Angina pectoris 5 (24%) 4 (15%) NS
Angina (CCS) 32+04 3.3+04 NS
Heart failure 16 (76%) 22 (85%) NS
Heart failure (NYHA) 3305 3.2+05 NS
Vessel disease 28+04 27+0.6 NS
LVEF 29+ 6 31 =6 NS
No. of viable segments 5.1 = 2.1 1.6*+15 <0.001

on SPECT
No. of nonviable 32+x24 48 £ 21 <0.05

segments on SPECT

*After revascularization.
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FIGURE 3. ROC curve analysis showing that cutoff level of

four dysfunctional but viable segments yielded highest sensitiv-
ity and specificity to predict functional outcome on patient
basis.

consisted of 22 patients with minimal or no evidence of
rviability before revascularization (less than three viable
gments; mean, 1.& 0.8). Group B consisted of 17

patients with intermediate viability before revasculariza-

jon (between three and five viable segments; mean,

1+ 0.8). Group C consisted of 8 patients with a large
ea of viable tissue (six or more viable segments; mean,
7.4 + 1.4). Figure 4 shows the individual changes in
%—.VEF of the patients in the different groups. The largest
crease in LVEF was observed in group C (from 36%

% to 44% =+ 10%,P = 0.001); 7 (88%) of 8 patients
showed a significant increase in LVEF (mean increase,
16% * 6%). Patients in group B showed a modest
improvement in LVEF (from 28%t 7% to 32%* 9%,

P = 0.002); 12 (71%) of 17 patients showed a significant
improvement in LVEF (mean increase, 7% 2%, P <
0.01 vs. group C). No increase in LVEF was observed in
group A (from 32% *= 6% to 30% = 7%, P = not
significant [NS]). Only 2 (9%) of 22 patients showed a
significant improvement in LVEF.

Improvement in Symptoms Versus Viability

Angina PectorisNine patients presented with primarily
angina pectoris. Three of them had four or more viable
segments on SPECT (one patient with six viable segments,
one with five, one with four, two with three, two with two,
and two with none), and in all nine patients the CCS score
improved by one or more grades. The mean CCS score
decreased from 3.2 0.4 to 1.2= 0.4 (P < 0.05) after
revascularization.

Heart Failure SymptomsThirty-eight patients (81%)
presented with primarily heart failure symptoms; 37
were in class 3 or 4. The patients were again divided into
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h LVEF after surgery grouped according to
32+6 30+7 28+7 3249 3045 44+10 extent of preoperative viability. Mean pre-
0. P=0.123 | | P=0.002 | | P=0.001 | operative LVEF was not significantly dif-
ferent in the three groups. Group A = less
Pre-rev Post-rev  Pre-rev Post-rev  Pre-rev Post-rev than three viable segments; Group B =
Group A Group B Group C between threg and five vi_able segments;
_ _ _ Group C = six or more viable segments;
n=22 n=17 n=8 - L
rev = revascularization.

three groups, with a comparable NYHA score beforB = 0.001); 6 (86%) of 7 patients showed an improve-
revascularization (3.1 0.5 [group A], 3.3= 0.5 [group ment in NYHA classification. Patients in group B
B], 3.4 = 0.5 [group C],P = NS). Group A consisted showed slightly less improvement in NYHA score (from
of 18 patients with minimal or no evidence of viabil-3.3% *= 0.5% to 2.2%* 1.0%,P = 0.003); 8 (62%) of

ity before revascularization (less than three viable3 patients showed an improvement in NYHA classifi-
segments). Group B consisted of 13 patients with ircation. No increase in NYHA score was observed in
termediate viability before revascularization (betweegroup A (from 3.1+ 0.5to 2.9+ 0.8,P = NS). Still, 7
three and five viable segments). Group C consisted (#9%) of 18 patients showed a significant improvement in
7 patients with a large area of viable tissue (six dlYHA classification. Importantly, the mean changes in
more viable segments). Figure 5 shows the individu&lYHA classification were significantly different between
changes in NYHA score of the patients in the differerthe three groups (R< 0.05). With four or more viable
groups. The largest improvement in NYHA score wasegments on SPECT considered predictive of improve-
observed in group C (from 3.4- 0.5 to 1.7 = 0.8, ment in heart failure symptoms, SPECT had a positive
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FIGURE 5. Change in NYHA classifica-
tion of patients after surgery; patients are
grouped according to extent of preoper-

S EE
S EE

3.1£0.5 29+08 33x05 22+1.0 3405 1.7£0.8 ative viability. Mean preoperative NYHA
P=0.360 P=0.003 P=0.001 score was comparable in the three
groups. Group A = less than three viable

Pre-rev Post-rev  Pre-rev Post-rev  Pre-rev Post-rev segments; Group B = between three and
Group A Group B Group C five viable segments; Group C = six or

n=18§ n=13 n=7 more viable segments; rev = revascular-

ization.
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TABLE 3 nonviable segments on SPECT, and the history of a
Relationship Between Viability and Improvement Q-wave myocardial infarction. Multivariate analysis
in NYHA Score After Revascularization showed that the number of viable segments was the only
predictor of improvement in LVEF after revasculariza-

ge(;n?;r\:tlzt:)li Improvement No improvement tion. This finding was reflected in a strong relationship
SPECT in NYHA score in NYHA score between the number of viable segments on SPECT and
Four or more 13 4 the magnitude of improvement in LVEF after revascular-
Less than four 6 15 ization (Fig. 2), as was also shown by Pagano etl8).(
Subsequent ROC curve analysis pointed out that the
2 6.81; P < 0.01. cutoff value of four dysfunctional but viable segments on

SPECT yielded the optimal trade-off between sensitivity
and specificity for predicting improvement in LVEF:
predictive value of 76% and a negative predictive vaIu8e6% and 9.2%’ respectwely. This finding .underscz)ores that
of 71% (Table 3). a substar_mal amount of viable myocardium (.SllAn of the
left ventricle) needs to be present to result in improve-

Relationship Between Improvement in Heart Failure ment in LVEF and hence to justify a revascularization
Symptoms and Improvement in LVEF procedure in patients with a relatively high risk for

Of the 22 patients with an improvement in LVEF, 16yrocedural or periprocedural complicatiod®j. The re-
presented with heart failure symptoms, and 12 (75%) gfjits agree with observations by Tillisch et &) §how-
these 16 improved their NYHA score by one grade or morgg improvement in LVEF in patients with two or more
Their mean score improved from 38 0.5 to 1.8= 0.8 yjaple segments on FDG PET (using a seven-segment
(P < 0.01). In contrast, of the 26 patients without amodel, j.e., 29% of the left ventricle). The results also
improvement in LVEF, 22 presented With. heart failur%1gree with our previous work on a different patient
symptoms, and only 7 (32%) of these 22 improved thejjo, |ation (with comparable baseline characteristics) us-
NYHA score. The mean score was 3:20.5 before revas- i, qohytamine echocardiographga). Accurate identi-
cularization and 2.9- 0.8 after revascularizatio®(= NS).  g.otion of patients whose LVEF can improve also has
important prognostic consequences, because LVEF is
DISCUSSION directly related to long-term prognosigl).

The most important findings of this study can be summa-
rized as follows. First, the magnitude of improvement iRrediction of Improvement in Heart Failure Symptoms
LVEF is directly related to the extent of dysfunctional buf\fter Revascularization
viable tissue. Second, using the cutoff value of four dys- Bonow (10) recently suggested that recovery of LV func-
functional but viable segments, an accurate prediction @®n after revascularization may not be the optimal endpoint
improvement in LVEF after revascularization is possibldor assessing benefit from revascularization. Also, the clin-
Third, the presence and extent of viability is predictive ofal relevance (in terms of improving quality of life) of an
the improvement in heart failure symptoms after revascimprovement in LVEF by 5% or more is unclear. In this
larization. study, improvement in heart failure symptoms was observed
mainly in patients in whom LVEF improved; this observa-
Revascularization tion suggests that an improvement in LVEF by 5% or more

Prediction of improvement in regional function after rei_s clinically relevant, because alleyiation of heart failure
vascularization has been shown previousB~§). Most symptoms may result._Mor_eO\_/gr, this stL_de showe_d t_hat the
previous studies, however, included patients with a relgresence of substantial viability was highly predictive of
tively preserved LV function and did not systematicallymProvement in heart failure symptoms after revasculariza-
study patients who had severely depressed LVEF and pHen: patients Wlth a small extent of viable tissue on SPECT
sented with heart failure symptoms1(17). In this study, exhibited no improvement in heart failure symptoms,
focusing on patients who had a more depressed LV functi$fiereas patients with an intermediate and a large extent
and presented with heart failure symptoms, we showecsBowed a significant improvement. These data are in line
high sensitivity (85%) and specificity (80%) for predictingith previous findings 22,23). Eitzman et al. (22), in a
improvement in regional LV function after revascularizaretrospective analysis, showed that heart failure symptoms
tion. These results are in line with the literature on FD@id improve in patients for whom FDG PET showed via-
PET (17) and previous FDG SPECT data (15). bility and who underwent revascularization. In addition, Di

Clinically more important is the prediction of improve-Carli et al. (23) found, similarly to us, that the magnitude of
ment in global LV function. Our results showed that thregnprovement in heart failure symptoms after revasculariza-
features were predictive of improvement in LVEF: thdion was related to the preoperative extent of viability (as-
number of viable segments on SPECT, the number séssed by FDG PET).

Prediction of Improvement in LVEF After
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FDG Imaging with SPECT CONCLUSION

Traditionally, FDG is imaged with PET. During the past The nymber of viable segments per patient was directly
few years, several centers have gained experience Wilted to the improvement in LVEF after revascularization
high-energy SPECT using FDG and 511-keV collimator@ = 0.79,P < 0.01); this parameter was also the only
(12-15). Three studies (from different centers) have indgregictor of improvement in LVEF after revascularization.
pendently shown good agreement between FDG SPE@halysis of receiver operating characteristic curves revealed
and FDG PET for the detection of myocardial viabilitythat the cutoff level of four viable segments (representing
(12-14). Moreover, we recently showed that FDG SPEC3194 of the left ventricle) yielded the highest sensitivity and
was capable of predicting improvement in regional contragpecificity (86% and 92%, respectively) for predicting im-
tile function after revascularization, yielding diagnostic agyrovement in LVEF. Furthermore, the presence of at least
curacy comparable with that of FDG PETS). The main four viable segments predicted improvement in heart failure
disadvantage of FDG PET is the relatively limited availsymptoms after revascularization, with positive and nega-
ability of PET equipment at a time when the need fofive predictive values of 76% and 71%, respectively.
viability studies is growing because of the increasing num-
ber of patients presenting with symptoms of heart failulREFERENCES
(24)- The advantage of FDG SPECT is that Widespreag Dilsizian V, Bonow RO. Current diagnostic techniques of assessing viability in
availability of SPECT cameras may allow routine FDG patients with hibernating and stunned myocardi@irculation. 1993;87:1-20.
imaging in the future. The 511-keV collimators have now? Yanoverschelde JLJ. Wins W, Borgers M. et f‘;éggg:r‘li;e;rzfig‘;rf_ia' hibernation
become CommerC|a”y available. Moreover, althOUgh a CY3. Tillisch J, Brunken R, Marshall R, et al. Reversibility of cardiac wall-motion
clotron unit remains necessary, the relatively long half-life abnormalities predicted by positron tomograpNyEngl J Med. 1986;314:884—

: . : 888.
of FDG (.110.m|n) allows transportation of this tracer OVer, \om panl J, Eitzman DT, Al-Aouar ZR, et al. Relation of regional function,
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