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Metabolic Evidence of Viable Myocardivm in Regions With Reduced
Wall Thickness and Absent Wall Thickening in Patients With Chronic
Ischemic Left Ventricular Dysfunction
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VASKEN DILSIZIAN, MD, FACC, SIMONE MAUREA, MD, JOSE A. MARIN -NETO, MD,
JAMES A. ARRIGHI, MD, JOSEPH A. FRANK, MD, ROBERT O. BONOW, MD, FACC
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Reduced end-diastolic wall thickness with absent sysiolic wall
thickening has been reported to represent nonviable myecardium
in patients with chronic coropary artery disease. To assess
whether redm:ed regional end-diastelic wall thickness and absent
wall thi 1y identify i d 25
patients with Bchemlc left ventricular dysfunchon (ejection frac-
tion at rest 27 = 10%) underwent positran emission temagraphy
with oxygen-15-labeled water and "flusrodeoxyglucose to assess
metabeolic activity and spin-echo gated nuclear tie reso-

akinetic regions. End-diastolic wail thickness was greater in
akinetic regions with than in those wishiout "fuorodeonygiucose
uptake (11 = 4vs. 7 = 3 mm, p < 0.01). The highest vaives for

itivity and specificity of end-diastotic wall o predict-
ing the absence of meiabolic activity in akinetic regions vere 74%
and 79%, respectively, and corresponded to an epd-diustolic
threshold of 8 m:a. However, the positive predictive sccuracy was
only 55% and did not improve for other end-diasiolic wall
hick values. [n all ial regious, there was only a weak

nance imaging to measure regional end-diastolic wall thickness
and wall thickening. The presence of metabolic activity was
defined as fluorodecxymlucose uplak: fcorrecied for partial
volume) >50% of that in normal regions.

0f 355 dial regions 266 were hypokinetic or
normokinetic at rest and 89 were akinetic (that is, abséni wail
thickening). "*Fluorodeoxyglucese uptake was observed in 97% of
the bypokinetic and normokinetic regions and in 74% of the

correlation: between "fluorodecxyglucose activity sd either end-
diastalic wall thickness (¢ = .17} or wall thickesing (r = 0.32).

Thus, metabelie activity is present in many regions with
reduced end-diastolic wall thickness and absznt wall thickening.
Thrse data indicate that assessmem or rrgmnal anatomy and
fraction may be i in ic but viable
my: iurn from i

(J Am Coll Cardiol 1992;20:161-8)

In patients with chronic coronary artery disease and left
ventricular systolic ysfi regional my ial asyn-
ergy at rest may result from either nonviable myecardium or
viable but hypoperfused and dysfunctional myocardium
(1,2). The distinction between these two conditions bas
relevant clinical implications becauss many asyaergic yet
visble myocardiat regions recover function after coronary
revascularization (3-5), leading to an increase in giobal left
ventricular systolic function (3,4). n recent years, myocar-
dial metaboiic imaging with positron emission 10mography
has emerged as an accurate. moninvasive technique for
distinguishing asynergic viable from nonviable myocardium
in patients with coronary artery disease (4-6) and in predict-
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ing the recovery of regional and global left ventricufar
systolic function after revascularization (4,5). Nuclear mag-
netic resonance (NMR) imaging has also been reporied (7,8)
te identify nonviable myocardium in patients with chronic
coronary artery disease, on the basis of presence of reduced
regional wall thickness accompanied by lack of regional
systolic wall Lhickening. Although NMER imaging provides
hatter spatial resolution and image definition compared with
positror: emission tomography and allows the evaluation of
regional systolic function, the accuracy of this approach in
the difit iation b viabie and i myocar-
dium has never been validated against established markers
of myocardial viability, namely, the presence of metabalic
activily or recovery of regionat function after revasculariza-
tion.
Thus, he purpose of the present study was to determine
.e ability of regional end-diastolic wall thickness and re-
gional systolic wall thickening measuremenis to predict the
presence or absence of regional metabolic activity in patienis
with chronic coronary artery disease and left ventricular
dysfurction.
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Methods

Study patients. We studied 25 patients (23 men and 2
women) with angiographically documented coronary artery
disease (defined as the presence of =50% diameter stcnosis
in at least one major epicardial coronary artery) and left
ventricular global systolic dysfunction. The mean age was 58
+ 9 years (range 38 to 78) and the mean radionuclide ejection
fraction at rest was 27 + 10% (ren:ge 10% lo 47%). Thirteen
of the 25 patients had triple-vessel and 7 patients had
double-vessel coronary artery disease. Only one patient
reported a history of diabetes mellitus. Fifteen of 25 patients
reported a history of previous myocardial infarction, and the
presence of pathologic Q waves on ihe elccirocardiogram
(ECG) was idcntified in an additional 4 patients. Twelve
patients reported the occurrence of exertional angina and
three patients had exertional dyspnea. Nine of the remaining
10 patients developed ECG signs of ischemia during exer-
cise. All patients underwent equilibrivm radionuclide angi-
ography at rest and during exercise, positron emission
tomography at rest after the administration of oxygen-15-
tabeled water (H,'°0) and "fluorodeoxyglucose, and gated
NMRK imaging at rest. In each patient, the positron emission
tomographic and NMR studies were performed within a
mean interval of 3 = 3 days. All cardiac were
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patients received 50 g of orai glucose after an overnight fast.
Two separate bolus injections of 12 to 15 mCi of H,'30 were
administered intravenously 12 min apart, followed 15 min
later by the administration of $ mCi of 'sﬂuorodeoxyglucosea
Data were acquired for 5 min in list mode after eack H,'0
injection and for 60 to 75 min in st mode after the
"8uoredeoxygiucose injection. The data beginning a 30 min
after fluorodecxygi corresponding 1o the
final 30 to 45 min of data acqulsmon were reconstructed to
create tomographic imzges of regiona! myocardial fluorode-
oxyglucose uptake. To prevent moveme:t artifacts, two seat
belts were fastened around the patient’s thorax during the
acquisition of the positron study.

Nuclear magnetic resonance imaging. Electrocardio-
graphic gated NMR imuging was performed using a 1.5 tesia
scanner. A 15- to 20-min scan allowed acquisition of four to
five slices at four to five noncontigucus time points in the
cardiac cycle from end-diastole to end-systole using spin-
echo imaging (echo time = 20 ms; repetition time = R wave
to R wave time, two excitations). Each slice was 10 mm
thick, with a center to center slice distance of 20 mm.
Immediately after this acquisition, 2 second acquisition was
begun, again ronsisting of four to five slices at four to five
time points to fill in the gaps between slices. The firal image

withdrawn for =48 h in 21 patients. All patients gave
informed written consent to the protocol, which was ap-
proved by the Institutiona) Human Research Committee in
March 1982 (protocol # 86-H-209). The estimated radiation
exposure did not exceed 0.78 rad total body dose.

Radionuclide angiography. Gated cquilibricm radionu-
clide angiography was performed at rest and during bicycle
exercise with the patient in the supine position using red
blood cells labeled in yive with 20 to 25 mCi of technetiom-
99m. Radionuclide angiography was performed a mean of
35 = 5% days before the NMR study and within 37 + 53 days
of the positron emission study. High temporal resolution
(20 ms/frame) time-activity curves were generated, from
which the left ventricular ejection fraction was computed as
pieviously described (9). Cardiac medications were discon-
tinued for =48 h before the study in 20 of 25 patients.
Ejection fraction during exercise did not increase in the
group as a whole {from 27 = 10% to 26 = (3%) and it
increased significantly (>5% increase) in only 4 of the 23
patients.

Positron phy. Positron tomo-
graphic imaging was performed as previously described (10)
to assess regional myocardial perfusion with H,'*0 and
exogenous glucose utilization with Bluorodeoxyglucose.
using a whole body positron emission tomographic camers,
producing 21 contiguous tomograms Spaced 5.1 mm apart
with a slice thickness of 13 mm and an in-plane recon-
stiucted resolution of 6.5 mm. Images were obtained per-
pendicular to the long axis of the body to create a serics of
transaxial tomograms.

One hour iefore the “fluorodeoxyglucose study, all

therefore dof8orl0 slices
{10-mm thickness, 10-mm center to center interstice dis-
tance) at four to five time points in the cardiac cycle from
end-diastole to end-systolz. Total imaging time was 30 to
45 min. Images were acquired perpendicular to the body long
axis and reconstructed as a series of transaxial tomograms to
allow a direct comparison with the positron emission tomo-
grams.

The time to end-systole was determined before NMR
imaging from the left ventricular volume curve obtained
from the radionuclide ventriculogram acquired at a similar
heart rate (69 = 12 beats/min for the radionuclide angio-
graphic study and 72 = ii beais/min for the NMR study;
mean difference between the studies 8 = 6 beats/min). The
intersequence delay of the NMR scan (that is, the time
interval between successive time points) could then be
adjusted so that the last (fourth or fifth) time point of the
imaging scan occurred at end-systole as determined from the
radionuclide angiographic study.

Data Analysis

Regional myocardial glucose uptake. [n each patient, five
to six transaxial mid-ventricular tomograms from the
Buoredeoxyglucose study were selected for the analysis.
To objectively measure regional *fluorodeoxyglucose activ-
ity, five myocardial regions of interest representing the
posterolateral, anterolateral, anteroapical, anteroseptal and
posteraseptal myucard:um were drawn on each "fluoro-
deoxygl R | Buorodeoxyglucose ac-
tivity corrected for partial volume was then computed within
each region of interest. In each patient, a ‘‘normal” myo-
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cardial region was chosen and the "fluorodeoxyglucose
activity in all other vegions was nermalized to that of the
normal reference region. The normal myocardial region in
each of the 25 patients was chosen on the basis of the
presence of normal blood flow (=0.7 miig per min; mean 1 =
0.23) (11-13) and normal systolic wall thickening at rest
43 = 2.3 mm). Regional "Sfiucrodeoxyglucose activity
>50% of that of the refercnce region was considered as
evidence of metabolic activity (10,14). Myocardial regions
showing 18fh.\omdec)xyglur:osc activity =509 of that of the
reference region were interpreied as nonviable myocardium.

Regional myocardial bleod flow. We computed absolute
regional myocardial blood flow from the dvnamic H,'*0 data
(15). The myocardial regions of interest previously con-
structed on the "fluprodecxyglucose images for measure-
ment of regional "fluorodeoxyglucose activity were applicd
to the tomographic H,'0 data ta derive regional myocardial
H,""0 time-activity curves. Absolute regional myocardial
blood flow was caiculated by fitting the myocardial H,'°0
time-activity curve, M(1), to the formulation specified by
Herrero et al. (16}

M) = (PV) - F - (LV(D) x &%) + (S0) - LV(),

where the variables of the fit are PV (a partial vclume
correction factor), F fflow in mi/g per min) and SO (a
spillover correction factor, indicating the fraction of counts
spilling from the left ventricular cavity into the myo-
cardium); X is the convolution operation, which corrects for
the fact that the injection was not a perfest bolus. The
partition cosfficient p was assumed fixed at 0.92, and the
arterial input fusiction LV(1) was measured directly by using
the positron emission tomographic data from the left ven-
tricular cavity (identified from the NMR imaging tomo-
grams). Note that by fitting the data to this ion, one is
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ages. [n the positron images., ic £

points such as the lung outlines, the heart shadow and the
slice in which the liver first begins to appear are clearly
visible and could be matched with the cor ing struc-
wres in the NMR tomograms. Because of the different
intersiice distance (5.1 mm for positron emission tomogra-
phy and 10 mm for NMR imaging), each NMR tomogram
was hed to two i posil cmission tomo-
grams. B of the suboptimal visualization of inferior
myocardium in the transaxial view and the troublesome
measurcments of wall thickening in the basal and apical
lomograms, cnly mid-ventriculat NMR tomograms were
analyzed. An average of three NMR slices and six
*fuorodenxyghicose tomographic planes were analyzed for
each patient.

As just described, each positron emission tomographic
slice had been divided into ﬁve regions of interest. By
appropriate ling, the tomographic
and NMR images wave made to be of identical size (that is,
the samz number of mm/pixet). The five regions of interest
drawn on the pesitron emission tomogram could then be
superimposed visually on the NMR image (with appropriate
rotations and translations performed as needed). Because
each region of interest encompassed a relatively large
amount of inyocardial tissue. minor misalignments obtained
with this visual technique would not significanily alter the
results. Thickness measurements were made at the center of
each region of interest by manually identifying a point on the

picardial and end: dial borders perpendicular to the two
surfaces. The length of the line segment Jjoining these two
points was calculated and taken as the wall thickness.

Regional systolic wall thickening was defined as the
difference between ¢nd-systolic wall thickness and end-

able to simultaneously solve for all three unknown variables
{that is, flow, spillover and partial volume recovery coeffi-
cient). This is similar to the method of previous investigators
(11,12,16), except our fitting was weighted with the inverse
varionce of the data as determined from the total numbers of
detected coincidences, dead time and correction for acciden-
tal coincidences.

This calculation also yields the recovery coefficient aec-
essary to correct for partial volume effects. This recovery
caefficient is valid not just for the H,'*0 bioad flow data, but
atso for the “fluorodeoxyglucose data extracted from the
same regions of interest, and was therefore used to correct
both data sets.

Regional myocardial wall thickness, To assess regionat
enrl-diastolic wall thick and absolute wall thickening,
xransaxna! end—dlaslollc and end-syslohc NMR images were

by !wo unaware of the

185

diastolic wall thick A total of 355 myocardial regions
were evaludted, averaging 14 per patient. Myocardial re-
gions were dividec into three groups based on the extent of
systolic wall thickening (17,18): 1) akinetic or dyskinetic,
showing either absence of systolic wall thickening or systolic
wall thinning; 2) hypokinetic, showing systolic wall thicken-
ing <2 mm; and 3) norma, showing systolic wall thickening
>2 mm.

Qualitasive wall motion analysis by radionuclide angiog-
raphy was available in 22 of 25 patients. Wall motion
abnormalities at rest were abserved in 21 of these 22
patients, whereas impaired regional systolic wall thickening
by NMR imaging was present in all 22 patients. Ten patienis
manifesied abnormal wall motion in the lateral wall on
radionuclide angiography, and in 9 of them regional systofic
wall thickening by NMR imaging was abnormal in the
corresponding territory. Similarly, radionuclide apical wall
motion was abnormal in 20 patieats, 18 of whom also

Py

ygit results. The p toma-

graphic slices were aligned visually with the corresponding
NMR slice by two observers unaware of the results with
these two techniques with use of both the tomographic
positron attenuaticn images and the posilron emission im-

d abi I apical wall thick Finally, radio-
nuclide septal wall motion was abnormal in 8 patients and in
all of them abrormai septal walt thickening was observed.

Statistical analysis. Data are expressed as mean value +
SD. The two-tailed unpaired Student 7 te.t was applied for
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Figure 1. '®Fluorodeoxyglucose (FDG) uptake (expressed as a
percent of normal activity) ir reletion to regional systolic function.
Although akinetic and dyskinetic myocardial regions exhibited as a
group reduced *fiuor uptake with hypo-
kinetic and normokinetic myocardial regions, a large overlap was
observed among the three groups.

comparisons between groups. A p value < 0.05 was ac-
cepted as the minimal level of significance.

Results

Regional wall thickness and blood flow in relation to
systolic wall thickening. Of the 355 myocardial regions eval-
uated, 89 showed akinesia or dyskinesia at rest (average
regional systolic wall thickening —1.2 = 1.8 mm); 95 myo-
cardial regions were hypokinetic at rest {average systolic
wall thickening 1.3 = 0.5 mm), and in the remaining 171,
systolic wall thickening was normal (4.2 = 1.7 mm), Re-
gional end-diastolic wall thickness did not differ significantly
among the three groups of regions (10 = 4, 19+ 3and 10 =
3 mm, respectively); regionai myocardial blood flow also did
not differ (0.87 + 0.34, 0.84 + 0.34 and 0.9 * 0.34 ml/g per
min, respectively). Regional "fluorodeoxyglucose uptake
was significantly lower in the group of akinetic and dyski-
netic regions comparzd with hypokinetic and normekinetic
regions, although a large overlap among the three groups of
regions was okserved (Fig. 1). Among all myocardial re-
gions, the correlation between regional '*fluorodeoxyglu-
cose activity and either end-diastolic wall thickness (r =
0.17} (Fig. 2} or systolic wall thickening (r = 0.32) was poor.
In particular, a signiticant positive linear correlation hetween
regional '*fluorodeoxyglucose activity and regior:al end-
diastolic wall thickness was found in 6 of the 25 patients and
a significant positive linear correlation between regional
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Figure 2. Relation between regional cnd-diastolic wall thickness and
relative "®fluorodeoxyglucose (FDG) uptake {expressed as percent
of a normai reference region) in alt myocardial regions. Each point
represents the mean (+ 1 SD) "*fuorodeoxyglucose activity in all
myocardial regions with the ding value of end-diastoli
wall thickness, A large vverlap is observed in the magnitude of
Hiuorodeoxyglucose activity over the range of end-diastolic wall
thickness.

Bfuorodeoxyglucose activity and regional systolic wall
thickening was observed in 2 of the 25 patients,

Metabolic activity in akinetic and dyskinetic myuurdlal
regions. Of the 89 dial regions
or dyskinesia at rest, 66 (74%) had preserved metabollc
activity (Fig. 1) as defined by the presence of regional
Buorodeoxyglucose uptake by posuron emlssmn mmogra-
phy. Asynergic my ial reglons h of
metabolic activity were present in 24 (96%) of the 25
patients. Regionial systolic wall thickening was similar be-
tween myocardial regions with and those without metabolic
activity (~ L1 = 1.7 vs. =1.1 = 1.9 mm, respectively; p =
NS). However, akinetic and dyskinetic regions with pre-
served metabolic activity showed greater end-diastolic wall
thickness (11 = 4 vs. 7 = 3 mm; p < 0.001) and greater
regionzl blood flow (0.90 = 0.34 vs. 0.67 = 0.34 ml/g per min;
p < 0.05) than did regions without metabolic activity.

The accuracy of ! end-diastoli k

wall thi in
predicting the presence or absence of metabolic activity in
akinetic and dyskinetic myocardial regions was then as-
sessed for different v alues of end-diastolic thickness (Fig. 3)
to determine the best combination of sensmvny and speC|-
ficity. This cutoff value cor ded to an end-di

wall thickness of 8 mm. The sensitivity of an end-diastolic
wall thickness <8 mm in predicting the absence of metabolic
activity in akinetic or dyskinetic myocardial regions was
74% with a specificity of 79% (Fig. 3). However, although
this cutoff value also vielded a very high negative predictive
accuracy (90%), the positive predictive accuracy (that is, the
ability of end-diastelic wall thickness <8 mm to predict the
lack of metabolic activity in akinetic or dyskinstic regions)
was only 55% (Fig. 3). Metabolic activity was present in 14
of 31 myocardial regions with an end-diastolic wall thickness
<8 mm. Positive predictive accuracy did not considerably
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Figure 3. Sensitivity, specificity, positive predictive accuracy (PPA)
and negative predictive accuracy (NPA; of different end-diastolic
values in predicting the absence of metabolic activity in asynergic
myocardlal regions. For each end-diastolic wall thickness value, the
positive predictive accuracy was deﬁred as the ratio between the
number of akinetic and d without

activity {true positive) and the number of akinetic segments with
(false positive) and without {true positive) metabolic activity. Neg-
ative predictive accuracy was defined as the ratio between the
number of akinetic and dyskinetic segments with metabelic activity
{true negative) and the number of akinetic segments withont (false
negative) and with (true negative) metabolic activity. For the best
combination of sensitivity and specificity (74% and 79%, respec-
tively) ing to an end-diastolic wali thick of 8 mm. the
positive prediciive accuracy is only 55%. indicating the presence of
many asynergic regions wilh evidence of metabolic activity despite
reduced wall thickness. Lower end-diastolic cutoff values did not
sigrificantly improve the positive predictive accuracy and did not
result in a substantial decrease in sensitivity.

increase for lower cutoff values of end-diastolic wall thick-
ness in which the sensitivity dramatically decreased (Fig. 3).
Moreover, only a poor correlation was observed between
®uorodeonyglucose activity and end-diastolic wall thick-
ness in regions with akinesia or dyskinesia (r = 0.27). An
example of an akinetic myocardial region with reduced
end-diastolic wall thickness but evidence of metsbolic activ-
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and dyskinetic regions (Table 1). Regional ‘*fiuorodeoxy-
plucyse uptake (corrected for pamal volume effects) did not
differ y between hy ic regions with end-
diastolic wall nhxckness <8 or 23 mm (Table 1). These
values were also similar to those observed in akinetic and
dyskinetic myocardial regions with an end-diastolic wajl
thickness =8 mm.

Metabalic activity im myocardial regions with normal sys-
tolic viall thickening, Of the 171 myeocardial regions with
aormal systolic wall thick 178 (100%) d

bolic activity by posi issi hy (Fig. 1).
There were 42 myocardial regions (25%) in this group with
an end-diastolic wall thickness <8 mm, 4i of which mani.
fested the presence of metabohc acuvny Again, ro signifi-
cant difference in the of '
uptake was observed between myocardial regions wuh end-
diastolic wall thickness <8 or =8 mm in this group (Table 1).

yglucose

Discussion
Regional asynergy and viable myocardium, Regional
myocardial asynergy at rest may arise from cither underlying
nonviahle myocardium or dysfunctional yet viable myocar-
dium (1.2). As a consequence, the presence of even severe
regional contraction abnnrma]mes alone does not reliably

indicate the p of bl dium (19). In
patients with chronic coronary anery disease, myocardial
metabohc xmagmg with "fluorodeoxy has rep

d the p of activity indi

viable myncardmm in many regions showing severely im-
paired wall motion 2t rest (4,20,2}). In addition, an improve-
ment in regional systclic & .nnct.o; after revascutarization has
been d hy in 78%
to 85% of myoca:d:al regions with preserved metabolic
activity and impaired wall muiion at rest (4,5) incloding
many territories with severe hypokinesia or akinzsia at rest
{4). Thus, in the present study, the presence of metabolic
activity, as defined by regional uptake of "®fluorodeoxyglu-
cose, was idered as the gold dard for
myocardial viability.

Metabolic activity was observed in 74% of the myocardial
regions in which viability was at issue (that is, those exhib-
iting lack of systolic wall thickening). These data indicate
that the myjority of these temmnes havc rcsxdual viable
myoccardium and are i h }
logic (19) scintigraphic (22,23) and me!abohc (24) studies

ity is illustrated in Figure 4.

boli actmtyln' kineti dial rogions. Of
the 25 myocardial regions showing hvookmem at rest, 87
{92%) had ic activity by posil ion tomogra-
phy (Fig. 1). Twenty-eight myocacdial regions (29%) in this
group showed an end-diastotic wall thickness <8 mm; 2! of
these manifested metabolic activity. The percent of regions
with an end-diastolic wall thickness <8 mm was not signif-
icantly diferent from :hat observed in the group of akinetic

h g the p of viable myocardium in the majority
of asynergic territories. Mean end-diastolic wall thickness in
akinetic and dyskinetic regions was similar to that abserved
in hypokinetic and normokinetic regions. This finding can be
explained by the fact that the group of akinetic wad dyski-
netic regions included areas of viable, presumably hibernat-
ing myocardium and areas of noaviable myocardium; 2syn-
ergic but viable my dil has been d (19) to
correspond histopathologically to onlv minimal muscle loss.
whereas asynergic noaviable inyocardium is associatzd with
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End-
Diastole

FDG

substantial muscle loss. This explanation appears consistent
with the finding that akinetic and dyskinetic myocardial
regions manifesting metabolic activity also showed as a
group greater end-diastolic wall thickness than did regions
without metabelic activity.

Previous clinical studies (7,8) also indicate that nonviable

y jial regions are d with reduced end-diastoli

wal! thickness and lack of systolic wall thick Accord-
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Eﬂd' Figure 4, Matched positron emission tomo-
graphic study (left) and nuclear magnetic reso-
Systo\e nance imaging tomograms (middle and right)
— from a patient with 2 dilated left ventricle.

. s

Although the nuclear magnetic resonance im-
ages di reduced end-diastolic wall
thickness with absent systolic wall thickening in
the septum (SE), the positron emission tomo-
gram shows '*fluorodeoxyglucose (FDG) up-
take (and thus preserved metabolic activity) in
the same territory, suggesting the presence of
asynergic but viable myocardium. AP = apex:
LW = lateral wall.

regions with absent wall thickening. These findings clearly
indicate the presence of viable myocardium in many akinetic
or dyskinctic myocardial regions despite reduced wail thick-
ness. The occurrence of viable myocardium in myocardial
regions with reduced end-diastolic wall thickness was also
confirmed by the observation that 25% of the myocardial
regions showing normal systolic wall thickening had an

ingly, we assessed the accuracy of different end-diastolic
wall thickness values in predicting the presence or absence
of metabolic activity in the myocardial regions exhibiting
akinesia or dyskinesia. The best combination of sensitivity
and specificity for predicting the absence of metabolic activ-
ity in these regions (74% and 79%, respectively) was

J-diastolic wall thickaess <8 mm (Table 1). Moreover, the
magnitude of regional glucose uptake (after correction for
the partial volume effect) was not significantly different
between myocardial regions with an end-diastolic wall thick-
ness <8 or =8 mm, both in myocardial regions with hypo-
kinesia and in those with normal systolic wall thickening at
rest (Tabie 1).

Lt

achieved with a cutoff value of end-diastolic wali thick

of 8 mm (Fig. 3). The observed sensitivity was very similar
to the 67% sensitivity for waii thinning assessed by NMR
imaging in identifying areas of necrosis reported by Filip-
chuck et al. (25) in patients with coronary artery disease and
previous myocardia! infarction. Hawever, the positive pre-
dictive accuracy was suboptimal despite reasonably good
sensitivity, specificity and negative predictive accuracy.
Thus, the probability of ahsent metabolic activity in an
akinetic or dyskinetic myocardial region with an end-
diastolic wall thickness <t mm was only 55% (Fig. 3).
Finally. in all myocardial regions only a very weak correia-
tion was observed betwezn the magnitude of fluorodeoxy-
glucose upiake and end-diastolic wall thickness (Fig. 2),
which was also true when the same analysis was applied to

In the present study, regional systolic wall
thickening was measured at a single time point in the cardiac
cycle, corresponding to global left ventricular end-systole as
identified from radionuclide angiography. Thus, given the
asynchrony of left ventricular contraction in patients with
coronary artery disease and impaired left ventricular func-
tion, it is conceivable that some of the myocardial regions
manifesting absence of wall thickening had prematurely
completed their contraction or, conversely, had not reached
maximal thickening when global left ventricular end-systole
occurred.

To allow a direct comparison with the positron emission
tomograms, NMR images were acquired in the transaxial
plane perpendicular to the long axis of the body. Thus, the
obliquity with the true cardiac long axis might introduce

Table 1. Regional End-Diastolic Wall Thickness and Relative ™Fiuorodeoxyglucose Uptake in the Different Gioups

of Myocardial Regions
Regional Systolic Wall Thickening
Akinetic-Dyskineuc Hynokinetic Normal
(n = 89} (n =95 =171
EDT <8 mm EDT 28 mm EDT <8 mm EDT 28 mm EDT <8 mm EDT =8 mm
=30 (n=358) (n=28) {n =67 {n =42} n=129)
FDG (%) 36x25 B2 GEFY RNY 87217 8714
—
p Value <0.001 NS NS

EDT = end-diastolic wall thickness: FDG = "fuorodcoxyglucas: (percent of normal activity).
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S0me over: of regional my dial wall thickness.
However, the mean rcgional end-diastolic wall thickness
values reporied in the present study in the three groups of
myocardial regions were similar lo thase reported by other
nvestigaters (26) using sfiort-axis images. Conversely. ac-
quisition of NMR imaging data in the short-axis plane has
also been reported (27) to be subaptimal for the evaluation of
regional systolic function in the presence of regional isch-
emia. Moreover, because absolute and not relative systolic
wall thickening values were nsed in the present study. the
potential inaccuracy in wall thickness measurements would
have no effect on the regional wall thickening duta. Finally,
although image acquisition in the transaxial plane might lead
to an overestimation of regional wall thickness, this effect
would only strengthen the conclusion of the high frequency
of metabolic activity in myocardial regions we identified to
have both reduced wall thickness and reduced wa thicken-
ing.

As with all other techniques, motion of the left ventricular
wall in and out of the imaging plane during the cardiac cyele
was not considered. In addition, in the present study. the left
ventricle was divided into five anatomic regions of interest.
Although this procedure may be adequate in terms of the
usually considered vascular terntories, it is possible that
some inhamogeneity of "*fluorodeoxyglucose ar blcod flow
occurred within each region. In general, this would cause
our results to be understated. Similarly, it should be remem-
bered that the thickening measurcments were obtained at
one single representative point within each region.

In the present study, the presence of metabolic activity
was arbitrarily defined as 2 relative "fluorodeoxyglucose
activity >50% of normal. [n prevmus investigations 'IU 4)
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addition. although asynergic myocardia! regions with pre-
served metabolic activity were observed in all but one
patient in this study, the mass of asynergic viable myacar-
dinm necessary for a clinically relevant improvement in
global ventricular function after revascularization (and
hence the aumber of patients who would potentially benefit
from coronary revascularization) cannot be determined from
our data. Moreover, because the study patients had stable
chronic coronary artery disease and were in good hemody-
namic condition, it is not known whether these findings can
be extrapolated lo !he gcncral popula(mn of patients with
h left ventri m

Conct Qur results d ate that metabolic ac-
tivity is present in the majority of myocardial regions show-
ing severe impairment of systolic function under rest condi-
tions. Many of these temrilories might therefore exhibit
improved function afier revascularizaticn. Although asyn:i-
gic myaocardial regioas with abscnt metabolic activity are
more .ikefv to be thinner than those with preserved meta-
bolic activity, reduced wall thickness with lack of systolic
wall thickening is not always associated with nonviable
myocardium. Thus, measures of regional left ventricular
anatomy and function may be of limited value in distinguish-
mg nronviable from asynergic viable myncardiom in patients
3 coronary artery disease and lef¢ ventricular

dysfunction.
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