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This study was designed to evaluate gated 99mTc-tetrofosmin

SPECT for prediction of functional recovery proven by sequential
MRI. 99mTc-labeledtetrofosmin is a recently introduced tracer for

myocardial perfusion. However, its role for viability assessment is
still under investigation. Methods: 99mTc-tetrofosminuptake in 19

patients with coronary artery disease and severe left ventricular
dysfunction was correlated to regional wall thickening before and
4.5 Â±0.8 mo after successful coronary artery bypass grafting, as
derived from corresponding gated short-axis MRI. Preoperative
wall thickening determined by gated SPECT was used as an
additional parameter for prediction of functional outcome. Opti
mal threshold cutoffs to separate reversible from irreversible
dysfunction were determined by receiver operator characteristic
(ROC) analysis. Results: The sensitivity and specificity of
regional 99mTc-tetrofosminfor prediction of functional recovery

was 87% and 42%, respectively (cutoff: 50% of maximum tracer
retention). The area under ROC curves for prediction of func
tional recovery measured 0.66 Â±0.01. Segments with >50%

uptake and impaired but detectable wall thickening determined
by gated SPECT had a significantly higher likelihood for func
tional improvement compared with segments with absent wall
thickening (P < 0.05). There was no difference in segments with
<50% tracer retention. There was good agreement for ejection
fraction measurements by MRI and gated SPECT (mean ejec
tion fraction 32 Â±12 versus 34 Â±11; r = 0.71, P < 0.001).
Conclusion: Regional 99mTc-tetrofosminuptake provided high

sensitivity but limited specificity for prediction of functional recov
ery after revascularization, leading to fair overall accuracy. Wall
thickening assessment derived from gated SPECT may improve
the specificity of 99mTc-tetrofosminuptake for prediction of func
tional recovery but not the sensitivity in low-flow areas. In addition
to the assessment of global function, gated data acquisition can
be helpful to improve the overall accuracy of "Tc-tetrofosmin

SPECT for prediction of functional recovery after bypass surgery.
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An patients with chronic myocardial infarction and im
paired left ventricular function, the distinction between left
ventricular dysfunction as a result of irreversible damaged
scar tissue and akinetic but still viable myocardium has
important clinical implications (/). Several imaging tech
niques that depict different variables of myocardial viability
are used to detect viable myocardium in akinetic or dyski-
netic myocardial regions (2-6).

99rnTc-tetrofosmin has been recently introduced as a tracer
for myocardial perfusion as an alternative to 99mTc-sestamibi
or 2Â°'T1imaging (7-10). Similar to 99mTc-sestamibi, the
tissue retention of 99mTc-tetrofosmin is primarily determined

by myocardial blood flow. However, myocyte cell mem
brane integrity and, thus, myocardial viability are prerequi
sites for both sestamibi and ""'Tc-tetrofosmin uptake (7,11).

Recent studies showed comparable diagnostic accuracy for
99mTc-tetrofosmin uptake and 2I"T1imaging for detection of

myocardial viability as defined by functional outcome
(12,13). Most of these investigations used two-dimensional

approaches for definition of functional recovery, such as
multiple gated blood pool studies or echocardiography,
which are not optimal for comparison with three-dimen

sional SPECT. Excellent sensitivity but limited specificity
was reported, leading to fair overall accuracy for WmTc-

tetrofosmin retention (12,13). However, gated SPECT offers
potential not only for evaluation of tracer retention, but also
for assessment of global and regional left ventricular func
tion. Regional systolic wall thickening (WT) is an important
parameter of function because it potentially indicates viable
myocardium (14). We hypothesized that regional myocar
dial WT derived from gated SPECT can be used as a
parameter for prediction of functional outcome in addition to
regional myocardial 99mTc-tetrofosmin uptake.

This study was undertaken to assess the predictive value
of regional 99mTc-tetrofosmin retention for functional recov

ery in patients with advanced coronary artery disease and
severe left ventricular dysfunction, using MRI as a gold
standard, and to investigate whether preoperative WT as-

1824 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 40 â€¢No. 11 â€¢November 1999



sessment by gated SPECT can improve the sensitivity or
specificity for prediction of functional outcome, in addition
to the classic approach of measuring semiquantitative tracer
retention on nongated images.

MATERIALS AND METHODS

Patients
Nineteen patients (18 men, 1 woman; age range 40-78 y, mean

age 60 y) with known coronary artery disease and severely
impaired left ventricular function were prospectively selected
before bypass surgery. Of the 19 patients, 15 (79%) had a history of
myocardial infarction (7 anterior, 1 inferior, 2 both anterior and
inferior and 5 of unknown site). All patients underwent cardiac
catheterization according to standard procedures, including ventricu-

lography. All films were interpreted by experienced observers
without knowledge of the other noninvasive modalities. Fifteen
patients had three-vessel coronary artery disease and 4 patients had
two-vessel disease. Inclusion criteria were angiographie left ven

tricular ejection fraction (EF) < 40% (mean 35% Â±7%, range
21%-43%) or severe wall motion abnormality. Three patients were

included with severe regional wall motion abnormalities and EF
values between 40% and 43%. Exclusion criteria included previous
bypass grafting or angioplasty, significant arrhythmia (atrial fibril
lation), a ventricular pacemaker, recent myocardial infarction (<8
wk), unstable angina, concomitant heart disease (valve disease,
cardiomyopathy) and childbearing potential. Patients did not
receive any cardiac medication 12 h before the study. Long-acting

nitrates were discontinued for 24 h before the study. The study
protocol was approved by the hospital ethics committee, and all
patients gave written informed consent.

Study Protocol
All patients underwent gated "Tc-tetrofosmin SPECT and

gated MRI within 1 wk before coronary artery bypass grafting. The
follow-up MRI was performed 4.5 Â±0.8 mo (minimum of 3 mo)

after surgical intervention. Bypass surgery was performed using
standard techniques, with revascularization of all vessels with
>70% stenosis if technically feasible. The surgeons were not aware
of the MRI results or of the "mTc-tetrofosmin imaging findings. Of

53 vessel territories, 36 (68%) were revascularized (17/19 left
anterior descending artery [LAD], 11/17 right coronary artery
[RCA] and 8/17 left circumflex artery [Lex] territories).

99mTc-Tetrofosmin Imaging
Resting electrocardiographic-gated "Tc-tetrofosmin (Myo-

view; Amersham International, Buckinghamshire, UK) SPECT
was performed with a triple-head camera (Multispect 3; Siemens,

Inc., Knoxville, TN). Imaging was started 30 min after injection of
280-370 MBq ""Tc-tetrofosmin. Acquisition parameters were as

follows: matrix 64 X 64, three heads with clockwise rotation of
120Â°each (total 360Â°),20 views per head and 40,000 ms per view,

resulting in an acquisition time of 20 min. Gating was performed using
12frames with 75% forward-backward framing. Three-head reconstruc
tion (360Â°)was performed with a Butterworth filter, with a critical

frequency of 0.45 cycle per pixel. The reconstruction time was 10
min. The resulting transverse images were reoriented into oblique
tomograms (slice thickness of 1 pixel), as well as horizontal and
vertical long-axis slices.

MRI
Resting MRI was performed within 24 h of the SPECT study

with a 1.5-T ACS II (Philips Medical Systems, Best, The Nether

lands) equipped with a standard whole-body coil. A fast gradient

echo sequence was acquired using a multiphase, multislice tech
nique with 10 planes (slice thickness of 8-10 mm) in a twofold
reangulated short-axis orientation (echo time 9.4 ms, flow compensated;
repetition time 800-1000 ms). ECG-gating was performed using 12

gates per cardiac cycle. The acquisition was also triggered by a
breath signal. The acquisition matrix was 128 X 128 pixels in a
field of view of 32.5 cm.

Left Ventricular Ejection Fraction
MRI EF was calculated on short-axis slices using manually

drawn endocardial borders on end-diastolic (ED) and end-systolic

(ES) images (15,16). SPECT EF was determined on left ventricular
ES and ED horizontal and vertical long-axis slices with a computa

tion algorithm developed by DePuey et al. (77), which was
implemented in the Siemens software. Analysis was performed
without algorithms enhancing the visual appearance of the myocar
dial contours in low-flow areas. The observer was free to alter

brightness and contrast to gain as much information as possible
concerning the location of the endocardial borders.

Image Analysis
Analysis of MRI and SPECT images was performed by different

observers without knowledge of clinical data and patient identity.
For analysis of regional WT and uptake, the myocardium was
divided into 13 segments for both SPECT and MRI (1 apical, 6
distal and 6 basal). The 4 septal segments were excluded from
analysis because of the effects of bypass surgery on septal wall
motion (18,19). Thus, 171 regions were eligible for analysis.
Functional recovery was assumed in segments showing more than
1 score point of improvement between presurgical and postsurgical
MRI studies.

For analysis of 99mTc-tetrofosmin uptake, the frames of the raw

projection data were summed and nongated tomograms were
reconstructed. Tracer uptake on summed images was calculated
with an automated circumferential profile analysis and expressed as
a percentage of maximum uptake (20). Tracer uptake was assessed
in the same 9 segments available for analysis.

SPECT wall thickening was defined as visual brightening
(increase in counts during a cardiac cycle). Visual analysis of
SPECT WT was performed on short-axis images with a semiquan
titative five-point score (5 = absent thickening; 4 = severely
reduced thickening; 3 = moderately reduced thickening; 2 = mildly
reduced thickening; 1 = normal thickening). MRI WT before and after
surgery was determined on corresponding cine short-axis images using

the same scoring system. Potential for functional improvement was
assumed in areas with impaired but still detectable SPECT WT
(score of 2-4).

Statistical Analysis
The diagnostic accuracy of summed "Tc-tetrofosmin uptake

for prediction of functional recovery was investigated by receiver
operating characteristic (ROC) analysis curves. ROC analysis was
performed with Clabroc (University of Chicago, Chicago, IL) (21).
Sensitivity, specificity and predictive values for functional recovery
with and without consideration of additional SPECT WT data were
calculated. Association between defect prevalence and EF was evalu
ated with Spearman rank correlation (Statview 4.5; Abacus Concepts
Inc., Berkeley, CA). Differences between groups were evaluated
with x2 analysis or the Fisher exact test when appropriate (HCstat

0.3 0.9; Apple Computer, Inc., Cupertino, CA).
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RESULTS

All 19 patients completed the SPECT and MRI studies
without complications and with good image quality. Figure 1
shows an example of a patient with improved ventricular
function after bypass grafting to the LAD and RCA. Figure 2
shows an example of a patient without functional improve
ment.

Patient Analysis and "Tc-Tetrofosmin Distribution

With a semiquantitative analysis of tracer uptake ex
pressed as a percentage of the maximum, 42 of 171 (24%)
segments had normal uptake (>80%), 66/171 (39%) seg
ments had mildly reduced uptake (60%-79%), 50 of 171

(29%) segments had moderately reduced tracer uptake
(40%-59%) and 13 of 171 (8%) segments had severely

reduced uptake (<40%). The latter group included 2 seg
ments below 20% of maximum uptake. As expected, the
likelihood for functional improvement in segments with
impaired WT thickening increased with tracer uptake and
the severity of presurgical functional impairment (Table 1).

The average defect size (number of segments with
moderate or severe defects divided by 9) in an individual
patient, judged by visual interpretation and quantitative
measurements of uptake, was 21% Â±17% and 25% Â±15%
of the whole left ventricle, respectively. There was an
inverse relation of global function (EF) measured by MRI
(visual uptake: r = 0.44, P < 0.05; quantitative uptake: r =

0.51, P < 0.02) and the number of segments with severely
reduced uptake (<0%).

Effect of Revascularization on Regional
Myocardial Wall Motion

Of 53 vessel territories, 36 (68%) were revascularized
(17/19 LAD, 11/17 RCA and 8/17 Lex). All 19 patients had
at least 1 successfully revascularized vessel territory. Of a

total of 131 asynergic segments (>mild reduction of WT) in
19 patients, 115 segments (88%) were revascularized. Of
these, 63 segments (55%) in 17 patients showed an improve
ment in regional function, whereas 52 segments did not,
despite vascular intervention. Of 131 segments, 16 (12%) in
6 patients were not revascularized, considering the presum
able vessel territories. Three nonrevascularized segments in
3 patients showed regional improvement in function ( 1 score
point).

Prediction of Regional Functional Recovery by
MmTc-TetrofosminSPECT

Sensitivity and specificity, as well as positive and negative
predictive accuracy, for three different cutoffs are summa
rized in Table 2. The optimal threshold was considered to be
50% of maximum tracer retention. ROC curves for predic
tion of functional recovery after revascularization are pre
sented in Figure 3. Including segments with more than
moderately impaired baseline WT, the area under the ROC
curve (AUC) for overall prediction of functional recovery
measured 0.64 Â±0.05 (0.69 Â±0.07 for the segments with
more than mildly impaired WT at baseline).

There was no significant difference between anterior and
inferior segments in sensitivity (100% [31/31] versus 81%
[21/26], respectively), specificity (6% [2/31] versus 35%
[11/31], respectively) and positive predictive accuracy (52%
[31/60] versus 51% [21/41], respectively). However, the
negative predictive accuracy was significantly lower for
inferior segments, considering a cutoff of 50% of maximum
tracer uptake (100% [2/2] versus 68% [11/16]). There were
five inferior segments showing functional improvement,
despite a tracer uptake <50%. Considering a lower thresh
old of 45%, there were only two segments showing func
tional improvement below the cutoff (36% and 30% WmTc-

FIGURE 1. CorrespondingMR and 99mTc-
tetrofosmin SPECT short-axis images of
patient with inferior infarction (top row).
Corresponding MR images 3 mo after coro
nary artery bypass grafting (CABG) (bottom
row). Small distal inferior perfusion abnor
mality at rest before surgery (54% of maxi
mum uptake; see bull's-eye analysis, left
bottom row) corresponds to some myocar-
dial wall thinning on short-axis MR images.
Regional wall thickening improved by one
score 3 mo after CABG. Global EF im
proved from 32% to 47%. ED = end dia-
stolic; ES = end systolic.

MRI
PRE CABG

SPECT
PRE Tetrofosmin

ED
POST CABG

ES % Tetrofosmin

1826 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol.40 â€¢No.11â€¢November1999



MRI
PRE CABG PRE Tetrofosmin

ED
POST CABG

ES

% Tetrofosmin

FIGURE 2. CorrespondingMR and 99mTc-
tetrofosmin SPECT short-axis images of
patient with inferior and anterior infarction
(top row). Corresponding MR images 3 mo
after coronary artery bypass grafting (CABG)
(bottom row). Both inferior and anterior
perfusion abnormalities at rest before sur
gery (20% of maximum uptake in inferior
segment; see bull's-eye analysis, left bot

tom row) correspond to obvious myocardial
wall thinning on short-axis MR images.
There was no improvement in regional or
global function 3.5 mo after CABG (EF 19%
before and 22% after surgery). ED = end
diastolic; ES = end systolic.

tetrofosmin uptake), resulting in a negative predictive
accuracy of 88% (sensitivity 92%). However, areas under
ROC curves were not significantly different for inferior and
anterior segments, indicating that the difference between
these regions can be at least partially resolved by consider
ing a lower uptake threshold for inferior segments (WT
score > 2: 0.65 Â±0.07 inferior and 0.62 Â±0.05 anterior,
P = 0.45; WT score > 3: 0.69 Â±0.07 inferior and 0.67 Â±
0.09 anterior, P = 0.60).

Gated SPECT Wall Motion Analysis
Analysis was based on 18 patients (one data file was

nongated). The prevalence of functional recovery, consider
ing an additional WT assessment by preoperative gated
SPECT, is summarized in Table 3. Segments with >50%
maximum tracer retention and detectable but impaired
SPECT WT (score of 2-4) had a higher chance for functional

recovery compared with segments with absent WT (79%

TABLE 1
Relation Between Tracer Uptake and Likelihood for

Functional Recovery in Segments with Impaired
Wall Thickening

Tetrofosmin uptake (%)

Finding >80 60-79 40-59 <40 <20

PresurgeryWTAImprovedsegmentsNo

changePresurgery
WTAImprovedsegmentsNo

change5545712947536832455562381882208001000100

versus 44%, P < 0.02). However, there was no significant
difference in segments with <50% tracer retention (25%
versus 42%). Thus, it can be expected that the additional
consideration of SPECT WT may lead to an increase in
specificity and no improvement of sensitivity.

To calculate these values, the combination of >50%
uptake and preserved SPECT WT was considered indicative
of functional recovery and the combination of <50% uptake
and absent WT was considered indicative of no functional
change. The results are compared with those considering
uptake alone and are shown in Table 4. As expected, there is
higher specificity, positive predictive value and overall
predictive accuracy for the combined approach using uptake
and additional SPECT WT information. However, this
approach did not show statistically significant differences
(Fisher exact test). A potential reason may be that the
segments considered for combined uptake and WT assess
ment are part of the group considering uptake alone, thereby
reducing the differences compared with the approach shown in

TABLE 2
Prediction of Regional Functional Recovery for Three Levels

of Uptake Cutoff by 99mTc-Tetrofosmin SPECT

Uptake cutoff(%)IndexSensitivity

Specificity
PPV
NPV
PAC4095

(36/38)
33 (8/24)
67 (36/54)
80(8/10)
69 (44/64)5087

(33/38)
42(11/26)
69 (33/48)
69 (11/16)
69 (44/64)6061

(23/38)
61 (16/26)
70 (23/33)
52(16/31)
61 (39/64)

WTA = wall thickening abnormality.
PPV = positive predictive value; NPV = negative predictive value;

PAC = predictive accuracy.
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FIGURE 3. AUC of ROC (fitted) curves
analyzing 99mTc-tetrofosminfor detection of

reversible regional dysfunction in asynergic
segments with more than mild and more
than moderate baseline wall thickening (WT)
reduction. Plots were generated by calculat
ing sensitivity and specificity pairs for every
5% of peak activity retention. â€¢= more than
mild baseline WT reduction; â€¢= more than
moderate baseline WT reduction;TPF = true-
positive fraction (%); FPF = false-positive
fraction (%).

TPF 1.00

0.75 -

0.50 -

0.25 -
WT abnormality > mild

WT abnormality > moderate

0.25 0.50 0.75 1.00 FPF

Table 3. The small number of segments also contributes to the
lack of statistical significance.

Average tracer uptake was lower in segments with absent
WT compared with segments with detectable but impaired
WT(>50% uptake: 63% Â±10% versus 75% Â±11%; <50%

uptake: 34% Â±8% versus 41% Â±10%). However, it has
been previously shown that the accuracy of SPECT WT
assessment is not independent of tracer retention and
declines with defect severity (22-24).

Gated SPECT Ejection Fraction Analysis
SPECT EF was correlated with preoperative EF values

measured by MRI in 18 patients. SPECT EF for all patients
ranged from 17% to 48%. Overall correlation between EF

TABLE 3
Prediction of Regional Functional Recovery by

99mTc-Tetrofosmin SPECT Considering Preoperative SPECT

Wall Thickening

SPECTfinding

Percentageof segments with
functional recovery

Uptake a 50% Uptake < 50%

WallthickeningNormalMildly

reducedModerately
reducedSeverely

reducedPreservedAbsent75

(3/4)66
(2/3)71

(10/14)100(8/8)79

(23/29)'44(7/16)*0

(0/0)0(0/1)50

(1/2)0(0/1)25

(1/4)t42(5/12)t

*Not statistically significant.

fP<0.02.
Fifty percent of maximum activity was used as a cutoff. Preopera

tive wall thickening scores were considered and summarized in
segments with impaired but detectable (score: normal to severely
reduced) as well as absent wall thickening categories.

determined by SPECT and MRI was 0.71 (P < 0.001).
However, the relatively low value is not surprising because
of the small range of EFs for this patient population (Fig. 4).
Mean EF determined by SPECT and MRI was 34% Â±11%
and 32% Â±11%, respectively (not significantly different).
Mean significant difference in EF determined by SPECT and
MRI was 1.5% Â±5.4% and considered insignificant. When
considering >5% as a significant difference in EF between
presurgical SPECT and MRI measurements, there were 4
patients with overestimation of EF by gated SPECT and 3
patients with underestimation.

Prediction of Global Functional Improvement by
"Tc-Tetrofosmin

EF before bypass surgery determined by MRI ranged
from 11% to 58% (mean 32% Â±11%). Of 19 patients, 11

TABLE 4
Prediction of Regional Functional Recovery by

99mTc-Tetrofosmin SPECT for Uptake Alone and Combined

with Wall Thickening (WT)

Percentageof segments with
functionalrecoveryIndexSensitivity

Specificity
PPV
NPV
PACUptake

alone
(cutoff50%)87

(36/38)
42(11/26)t
69 (33/48)t
69(11/16)
69 (44/64)tCombined

uptake and WT
assessment*82

(23/28)
54(7/13)t
79 (23/30)t
58 (7/12)
73 (30/41)t

"Preserved or absent preoperative SPECTwall thickening.

tNot statistically significant.
The segments eligible were restricted to those with more than

moderate reductionof baseline MRI wall thickening.
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FIGURE 4. Correlation between ejection
fraction (EF) measured by MRI and SPECT.
Mean values were not significantly different
(SPECT: 34% Â±11%; MRI: 32% Â±11%).
r =0.71, P < 0.001.

(58%) had an improvement in EF of >5%. Using an
arbitrary 5% change criterion, 5 of 19 (26%) patients had no
significant change in EF, whereas 3 of 19 (16%) patients had
a worsening in EF. The overall EF improved significantly
from 32% Â±11% to 39% Â±12% (P < 0.02) Eight of 10
(sensitivity 80%) patients with more than 6 segments with
2:50% uptake showed a significant (s5%) increase in global
left ventricular EF (positive predictive value 67%). Of 9
patients, 4 with less than 6 segments with >50% tracer

retention also showed an increase of >5% in left ventricular
EF (specificity 57%). The negative predictive value was
71%.

DISCUSSION

The first of two major findings in this study was that
"mTc-tetrofosmin has fair overall accuracy in predicting

regional functional recovery in patients with severe left
ventricular dysfunction using tracer uptake on nongated
images. Second, additional preoperative WT assessment
with a gated SPECT protocol may improve the specificity
and, thus, overall diagnostic accuracy of the classic ap
proach of analyzing tracer tissue retention.

99mTc-Tetrofosmin as a Marker for Functional Outcome

There are only a few studies focusing on the accuracy of
WmTc-tetrofosmin SPECT for prediction of functional recov

ery. A study by Matsunari et al. (12) found good agreement
between the diagnostic accuracy of preoperative 2Â°'T1and
"mTc-tetrofosmin imaging using regional tracer retention.
Preoperative and follow-up radionuclide angiography were

used to define regional and global functional improvement
in successfully revascularized myocardial territories in 21
patients (72). The overall accuracy expressed by the AUC
was very similar to that in our study (0.66 Â±0.07 versus
0.64 Â±0.05).

ROC analysis is a graphic approach to determine the best
cutoff level for making a decision that is based on a

continuous measurement (25). Determination of the cutoff
level requires assessment of clinical impact and cost-
effectiveness associated with false-positive and false-

negative results. Choosing a cutoff level of 50% results in a
relatively high sensitivity (33/38 segments, 87%), which
means selecting most of the patients who may benefit from
bypass surgery. However, the 50% cutoff resulted in accept
ing a relatively high number of segments above the thresh
old without functional improvement, thereby overestimating
potential functional recovery. As expected, considering a
threshold of 60% of maximum activity would improve the
specificity at the expense of lowered sensitivity and overall
predictive accuracy (Table 2). The limited specificity for
prediction of functional improvement has already been
reported for both 2Â°'T1and "Tc-tetrofosmin with similar

cutoff levels (72-73,26).

Several potential factors could explain the limited speci
ficity of tetrofosmin imaging. First, the follow-up period was

relatively short in some patients. It is therefore possible that
functional recovery may not have been completed in some
segments within the follow-up period. Second, the limited

resolution of the SPECT system, along with the moving
heart, leads to partial volume effects. The measurement of
tracer retention within a myocardial segment represents an
average of transmural tracer distribution that may or may not
be homogeneous. A mixture of subendocardial infarction
and normal myocardium within a transmural section may
thus lead to the same segmental uptake compared with a
more homogeneous distribution of ischemically compro
mised myocardium. It is apparent that the last myocardial
section has a much higher likelihood for functional recovery
after restoration of blood flow compared with the first one.
Another factor could be the potential for incomplete revascu-

larization, leading to a low number of segments showing
functional improvement. The importance of the success of
revascularization has already been stressed in previous
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reports (72,26). However, we believe that the relatively low
number of segments with incomplete revascularization (16/
131, 12%) is unlikely to contribute significantly to the low
specificity of tetrofosmin imaging in our study. Lastly, the
surgeons were unaware of the results of both MR and
tetrofosmin imaging. It is therefore unlikely that selection of
patients with higher uptake or better ventricles for revascu
larization caused the relatively low specificity.

Gated SPECT Analysis
Gated SPECT using 99mTc-labeled flow markers is known

to offer potential for simultaneous assessment of myocardial
perfusion and of global and regional left ventricular function
(77,22,27). Acceptable accuracy for assessment of regional
WT and global EF by gated SPECT, even in patients with
large perfusion defects, has been reported (24). However,
our analysis was based on the assumption that segments with
absent SPECT WT have a lower likelihood for functional
recovery compared with segments with impaired but detect
able WT. It was shown that segments with ^50% tracer
uptake and detectable residual SPECT WT had indeed a
significantly higher likelihood for functional improvement
compared with segments with absent WT. Thus, the rate of
false-positive results would be lowered and specificity and

overall predictive accuracy increased for prediction of
functional recovery.

However, the differences with and without consideration
of SPECT WT failed to be statistically significant (Fisher
exact test). A potential reason may be that the segments
considered for combined uptake and WT assessment are part
of the subgroup considering uptake alone, thereby reducing
the differences compared with the approach of Table 3. The
low number of segments also contributes to the lack of
statistical significance.

No improvement in sensitivity could be achieved using an
additional WT criterion derived from preoperative gated
SPECT analysis. However, in contrast to MRI, gated SPECT
does not allow direct assessment of regional WT but relies
on alleviated partial volume effects during systole, leading
to a systolic increase in count recovery. It is also known that
systolic count increase (ES count â€”ED count) and summed

tracer uptake on nongated images are highly correlated (24).
It is therefore most likely that summed uptake and count
increase have similar limitations in low-flow areas because
of partial volume effects and photon attenuation (22-24).

However, simultaneous gating and attenuation correction for
SPECT systems would be a promising approach. This
protocol is the subject of current research; however, it is not
yet available in routine clinical practice (28).

Regional Distribution of "'"Tc-Tetrofosmin

All false-positive segments were in the inferior wall,
which is consistent with nonattenuation-corrected data. The

sensitivity could be improved by considering a lower
threshold (^45%) for inferior segments as indicative of
viable myocardium; there were only two inferior segments
showing functional improvement below this cutoff. How

ever, looking at the overall diagnostic accuracy measured by
the AUC, there was no significant difference between
anterior and inferior segments, suggesting that the regional
differences can be at least partially resolved by using a lower
uptake threshold for inferior territories.

Limitations

The study has limitations. First, we did not perform
quantitative analysis of short-axis MR images. Although

quantitative analysis has recently been reported, visual
interpretation of regional WT assessed by MRI is still the
most widely used technique in a clinical setting (29).
Second, the number of patients is limited, as is common in
studies using functional outcome data, and the number of
segments with <50% of maximum 99n'Tc-tetrofosmin reten

tion is thus limited, raising the potential of type II error when
analyzing subgroups in the low-uptake category. The rela

tively low number of segments may also contribute to the
lack of statistical significance regarding the improvement in
specificity and overall accuracy by adding SPECT WT
measurements to regional tetrofosmin uptake on summed
images. Finally, regional functional recovery after revascu
larization may not be an optimal endpoint. However,
prospective evaluation of patients with severely impaired
left ventricular function using long-term outcome, exercise

capacity or quality of life as additional endpoints is still
needed and requires long-term follow-up of large patient

populations.

CONCLUSION

The data indicate that 99mTc-tetrofosmin retention has

high sensitivity but limited specificity for prediction of
functional recovery in patients with severely impaired left
ventricular dysfunction, leading to fair overall accuracy.
Most of the patients who potentially benefit from bypass
surgery could be selected using a 50% cutoff for tracer
retention on nongated images. However, fewer than half of
the segments with >50% uptake improved in function,
leading to limited specificity. WT assessment derived from
gated SPECT may improve the limited specificity of 99mTc-

tetrofosmin uptake for prediction of functional recovery. In
addition to the assessment of global function, gated data
acquisition can help improve the overall accuracy of 99mTc-

tetrofosmin SPECT for the prediction of functional recovery
after bypass surgery.
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