
overestimates left ventricular volumes, particularly when the
infarctsize increases.
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eft ventricular ejection fraction (LVEF) is an important
tool in diagnostic and prognostic evaluation of patients with
coronary artery disease (1â€”3).Gated SPECT studies offer
the potential for simultaneous assessment of myocardial
perfusion and function. Gated SPECT has previously been
used for LVEF measurement (4â€”9).99mTc,,ses@u@ibior
99mTc,.tetrofosmin are widely used in myocardial gated
SPECT studies, because they offer the advantages of higher
photon energy and higher injectable dose when compared
with 201'fl (10). However, recent studies have demonstrated
the possible use of thallium (Tl)-gated SPECT in patients
with suspected or known coronary artery disease, with good
correlation between rest LVEF measured with 201Tl and
99mTc_ses@.@jbj (11,12).

LVEF measurement with gated SPECT implies the assess
ment of left ventricle cavity volume variation. LVEF is then
obtained from the end diastolic volume (EDV) and end
systolic volume (ESV): LVEF (%) = 100 X (EDV â€”ESV) I

EDV. Thus, accuracy of LVEF measurement is related to the
accuracy of EDV and ESV measurements. Determination of

left ventricular cavity volume (also referred to as endocar
dial volume) implies outlining of the corresponding endocar
dial edge. Semiautomatic (8,9,13) and automatic (12) meth
ods have been developed to determine endocardial volume.

Edge detection methods for volume quantification in SPECT
are usually based on thresholding or local gradient operators.

However, SPECT reconstruction parameters may have
significant influence on edge detection (14). Effects of
thresholding have been tested on the gated SPECT measure
ment of LVEF in humans (5), and the effect of filter cutoff
frequency has been tested on endocardial volumes in a static

The effect of filtering and zooming on 201T1-gatedSPECT was
evaluatedin patientswith major myocardialinfarction.Methods:
Rest thallium (Tl)-gated SPECT was performed with a 90Â°
dual-head camera, 4 h after injection of 185 MBq 201Tlin 32
patients (mean age 61 Â±11 y) with large myocardial infarction
(33% Â±17% defect on bull's eye). End diastolicvolume (EDV),
end systolic volume (ESV) and left ventricular ejection fraction
(LVEF)werecalculatedusinga commerciallyavailablesemiauto
maticvalidatedsoftware.First, imageswere reconstructedusing
a 2.5 zoom,a Butterworthfilter (order = 5) and six Nyquistcutoff
frequencies: 0.13 (B5.13), 0.15 (B5.15), 0.20 (B5.20), 0.25
(B5.25), 0.30 (B5.30) and 0.35 (B5.35). Second, images were
reconstructedusinga zoomof 1 and a Butterworthfilter (order =
5) (cutoff frequency 0.20 [B5.20Z1]) (total = 32 x 7 = 224
reconstructions). LVEF was calculated in all patients using
equilibrium radionuclideangiocardiography(ERNA). EDV, ESV
and LVEF were measured with contrast left ventriculography
(LVG).Results: LVEFwas 39% Â±2% (mean Â±SEM)for ERNA
and 40% Â±13% for LVG (P = 0.51). Gated SPECT with
B5.20Z2.5 simultaneously offered a mean LVEF value
(39% Â±2%) similarto ERNA(39% Â±2%) and LVG(40% Â±3%),
optimal correlations with both ERNA (r = 0.83) and LVG (r =
0.70) and minimal differenceswith both ERNA(â€”0.9%Â±7.5%
[mean Â±SD]) and LVG (1.1% Â±10.5%).As a function of filter
and zoom choice,correlationcoefficientsbetweenERNAor LVG
LVEF,and gated SPECT rangedfrom 0.26 to 0.88; and correla
tion coefficientsbetweenLVGandgatedSPECTvolumesranged
from 0.87 to 0.94. There was a significanteffect of filtering and
zooming on EDV, ESV and LVEF (P < 0.0001). Low cutoff
frequency (B5.13) overestimated LVEF (P < 0.0001 versus
ERNA and LVG). Gated SPECT with 2.5 zoom and high cutoff
frequencies (B5.15, B5.20, B5.25, B5.30 and B5.35) overesti
mated EDV and ESV (P < 0.04) compared with LVG. This
volume overestimation with TI-gated SPECT in patients with
large myocardial infarction was correlated to the infarct size. A
zoomof 1 underestimatedEDV,ESVand LVEFcomparedwith a
2.5 zoom (P < 0.02).Conclusion: AccurateLVEFmeasurement
is possiblewith Tl-gated SPECT in patients with major myocar
dial infarction. However,filtering and zooming greatly influence
EDV, ESV and LVEF measurements, and TI-gated SPECT
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cardiac phantom experiment (4). To our knowledge, the
effects of filtering and zooming on gated SPECT LVEF and
volume measurements have never been studied in humans,
particularly in patients with large myocardial infarction. The
aim of this study was to test different cutoff frequencies and
reconstruction zooms (previously used in clinical studies) in
patients with major myocardial infarction. Oated SPECT
LVEF is compared with equilibrium radionuclide angiocar
diography (ERNA), and volumes were compared with left
contrast ventriculography (LVO).

MATERIALS AND METHODS

Patients
Rest Tl-gated SPECT was performed in 32 consecutive patients

(26 men, 6 women, mean age 61 Â± 11 y) with documented
myocardial infarction I wk to 6 mo before the study. All patients
were referred to the Nuclear Medicine Department for assessment
of myocardial viability. Myocardial infarction was documented by
the presence of electrocardiographic Q-waves or cardiac enzyme
elevation.

GatedSPECTAcquisition
Myocardial gated SPECT was performed at rest, 4 h after

intravenous injection of 185 MBq (5 mCi) 201Tl.SPECT acquisi
tions were obtained with a dual-head, large-field-of-view gamma
camera (DST-XL; SMVi, Buc, France) equipped with low-energy,
high-resolution, parallel-hole collimators. Effective resolution with
full width at half maximum at 10 cm was 8 mm in air and 9.6 mm in
water. The two heads were placed in an L-shaped configuration.
Thirty-two projections (16 per head) were obtained as 64 X 64
matrices, using a step-and-shoot acquisition over a 180Â°arc
extending from the 45Â°right anterior oblique to the 45Â°left
posterior oblique position. Acquisition zoom was I .33, giving a
pixel size of 6.8 X 6.8 mm. The energy windows were 70% Â±20%
and 167% Â±20% keV. Images were acquired for 120 s per
projection for a total imaging time of 32 mm. Images were gated at
eight frames per cardiac cycle using an R-wave trigger, and the
acceptance window was 100%.

Gated SPECT Data Processing
First, total count density was calculated in a 64 X 64 pixel

region of interest (ROl) throughout the total gated SPECT projec
tions. Myocardial count density was calculated in a 16 X 64 pixel
ROl located in the myocardial area throughout the total gated
SPECT projections. Second, a commercially available semiauto

mated gated SPECT processing software was used to reconstruct
gated SPECT (Vision software revision 4. 1.0, Mu1tidim@;SMVi).
Images were reconstructed from projection data using the filtered
backprojection algorithm with a centered software zoom of 2.5
(Z2.5; 2.7 X 2.7 mm pixel size) and a Butterworthfilter with an
order of 5. Six cutoff frequencies of 0.13, 0.15, 0.20, 0.25, 0.30 and
0.35 cycle/pixel were successively tested (B5.l3, B5.15, B5.20,
B5.25, B5.30 and B5.35). This range of cutoff frequencies was

chosen because cutoff frequencies <0. 13 or >0.35 cycle/pixel
provide aberrant images with the software used and because these
values have been previously used in clinical studies (see Discus
sion section). A software zoom of I (6.8 X 6.8 mm pixel size) was
used with the Butterworth filter with an order of 5 and cutoff
frequency of 0.20 cycle/pixel (B5.2OZl). Zoom 2.5 and 1 were
successively tested on the basis of the two commercially available

software specifications proposed by the manufacturer on our
workstation: Multidim@ (Z2.5) and QGS@ (Zl) (Vision software
revision 4. 1.0; SMVi). A total of 224 reconstructions were per
formed (7 reconstructions for each of 32 patients). Background
subtraction and attenuation correction were not used. With this
software (Multidim@), the endocardial edge was defined as the
maxima of the first derivatives of the squared activity profiles,
searching from the center of the myocardial cavity. The endocardial
edge distance D was defined as D@fld0= maxima[dA2(l)/dl], with
A(l) as the activity profile for a given vector (11) and d as
derivative. This commercially available software was previously
described (15) and validated (11). The volumes were calculated
from the endocardial surfaces for each time segment. EDV, ESV
and LVEF were calculated for the six cutoff frequencies and for the
two zooms. The intra- and interobserver variabilities of the
technique were examined in all patients for LVEF, EDV and ESV.

Quantification of Infarct Size
All gated tomograms were added at each projection angle to

produce a summed tomographic dataset similar to that which
would have been acquired without gating. Summed tomograms
were reconstructed using a filtered backprojection algorithm, B5.20
filter and 2.5 zoom. The infarct size was quantified on a bull's eye
polar map with a fully automatic procedure, as described previ
ously (16). Briefly, a 60% level isocontour of the maximal value
was generated on the bull's eye. This isocontour divided the bull's
eye polar map into two ROIs: the area of normal TI uptake (pixels
with values >60% of the maximum) and Tl defect (pixels with
values <60% of the maximum). The infarct size was expressed as
the percentage of pixel values <60% on the total bull's eye area.

Equilibrium Radionuclide Angiocardiography
All patients underwent planar ERNA immediately after Tl-gated

SPECT. ERNA acquisition was obtained with a single-head gamma
camera (DS7; SMVi) equipped with a low-energy, all-purpose,
parallel-hole collimator. Human serum albumin, labeled with 925
MBq (25 mCi) 99mTcin a volume of 1 mL, was administered
through an indwelling catheter placed in the antecubital vein.
Patients were positioned in the supine position with the camera in a
300_450 left oblique projection, with a 5Â°â€”l0Â° caudal tilt, to

maximize the separation of ventricular images. Images were gated
at 16 frames per cardiac cycle using an R-wave trigger. A total of
350,000 counts were obtained for each frame with a zoom factor of
2 in a 64 X 64 acquisitionmatrix.LVEFwascalculatedusing
standard, automatic, commercially available software (Sophy NXT,
Software revision 2.01; SMVi). LVEFs were defined automatically
for 30 patients. For 2 patients, ventricular ROIs were corrected
manually. Accuracy and reproducibility of this software were
previously validated in our center on 15 healthy subjects and 58
patients with heart failure. With this software and in the previous
study, normal LVEF values were 77% Â±5% (mean Â±SD), and
intra- and interobserver correlation coefficients were r = 0.98 and
r 0.97, respectively (17).

LeftVentriculography
Single-plane digital angiograms were obtained in the 30Â°right

anterior oblique position using the Philips digital cardiac imaging
system (Philips Medical Systems International BV, Da Best, The
Netherlands), at 30 frames/s. Endocardial borders were automati
cally determined at end diastole and end systole, and manually
corrected when necessary. EDV, ESV and LVEF were calculated
using the Sandier and Dodge method (18). In 7 patients, cardiac

514 THE JOURNALOF NUCLEARMEDICINEâ€¢Vol. 40 â€¢No. 4 â€¢April 1999



events occurred between LVG and gated SPECT. These 7 LVGs
were then excluded from the study.

Statistics
Means (M) and SD or SEM were used for descriptive statistics.

Paired EDV, ESV and LVEF were analyzed by analysis of variance
with repeated measures. The paired-post hoc t test was performed
for multiple tests when necessary. Correlation (r) and linear
regression between ERNA, LVG and Tl-gated SPECT were
calculated. Agreement between ERNA, LVG and Tl-gated SPECT
was assessed using Bland-Altman analysis (19). Data were ex
pressed as mean value Â±I SD (M Â±SD%). Linear regressions of
the Bland-Altman plots were calculated. All linear regressions were
expressed as y = a.x + b, with a as the slope and b the intercept of
the line. SD of the slopes and intercepts were calculated. P 0.05
was considered significant.

RESULTS
Reconstructions were performed semiautomatically in all

patients. Count density in Ti-gated SPECT was 11 X 106 Â±
3 X 106 (M Â±SD) counts in the total acquisition and 2.8 X
106 Â±0.7 x 106 counts in the myocardial area.

Infarct size was 33% Â±17% of the myocardial surface
(M Â± SD). The infarction location was anterior in 14
patients, posterior in 15 and lateral in 3. Mean LVEF was
39% Â±2% for ERNA (M Â±SEM) and 40% Â±3% for LVG
(P = 0.51).

Intra- and Interobserver Reproducibilities
Intra- and interobserver differences in gated SPECT

(B5.20Z2.5) were minor for LVEF, EDV and ESV, with
excellent correlation coefficients (respectively 0.96, 0.99
and 0.99 for intraobserver reproducibility, and 0.88, 0.98 and
0.99 for interobserver reproducibility). Intercepts were close
to a value of 0, and regression line slopes were close to a
value of 1 (Appendix Table 1).

RelationsBetweenEquilibriumRadionuclide
Angiocardiography, Left Ventriculography
andTI-GatedSPECT

Linear regression analysis between ERNA, LVG and
Tl-gated SPECT are shown in Table 1. Correlation coeffi
cients between ERNA LVEF and Ti-gated SPECT LVEF
ranged from 0.75 to 0.88. Correlation coefficients between
LVG LVEF and Tl-gated SPECT LVEF ranged from 0.26 to
0.72. Correlation coefficients between LVG volumes and
Tl-SPECT volumes ranged from 0.87 to 0.94.

Blant-Altman analyses between ERNA, LVG and Tl
gated SPECT are shown in Table 2. Mean differences (Â±SD)
between ERNA LVEF and TI-gated SPECT LVEF ranged
from â€”13.6% Â±13.1 % to 5.4% Â±7.4%. Mean difference
(Â±SD) between LVG LVEF and Tl-gated SPECT LVEF
ranged from â€”12.6% Â±16.0% to 6.7% Â±15.0%. For LVEF,
linear regression analyses of Blant-Altman plots showed no
systematic correlation between LVG gated SPECT differ

ence and mean LVG gated SPECT (except for B5.l3 and
B5.15). Mean differences (Â±SD) between LVG volumes and
TI-gated SPECT volumes ranged from â€”94Â±87 mL to 0 Â±
61 mL. For volumes, linear regression analysis of Blant
Altman plots showed a significant relationship between

LVG gated SPECT difference and mean LVG gated SPECT.
This relationship demonstrated that the overestimation of

volumes with TI-gated SPECT was related to the volume
size. (An example of Bland-Altman plots for EDV and ESV
are given in Appendix Fig. 1.)

Oated SPECT with B5.20Z2.5 simultaneously offers a
mean LVEF value (39% Â±2%) similar to ERNA (39% Â±
2%) andLVG (40% Â±3%), optimal correlationswith both
ERNA (r = 0.83) and LVG (r 0.70) (Table 1) and minimal

differences with both ERNA (M Â±SD = â€”0.9% Â±7.5%)

and LVG (M Â±SD = 1.1% Â±10.5%) (Table 2).

Effectof FilteringandZoomingof LeftVentricular
EjectionFraction

Filtering and zooming have a significant effect on LVEF
measurement (Fig. 1). Using low cutoff frequencies overes

timated LVEF compared with ERNA, LVO and gated
SPECT reconstructed with high cutoff frequencies. B5. 13
LVEF was significantly higher than LVG LVEF (P <
0.0001), ERNA LVEF (P < 0.000 1) and all other gated
SPECT reconstructions (P < 0.0001). B5. 15 LVEF was
significantly higher than B5.25 LVEF (P = 0.013), B5.30

LVEF (P = 0.009) and B5.35 LVEF (P = 0.006). A
reconstruction zoom of 1 (B5.20Z1) underestimated LVEF

compared with gated SPECT studies with software zoom of
2.5 for the same reconstruction filter (P = 0.008).

Effectof FilteringandZoomingon EndDiastolicVolume
Filtering and zooming have a significant effect on EDV

(Fig. 2A). Tl-gated SPECT overestimated EDV compared
with LVG. LVG EDV was significantly lower than B5. 13
(P < 0.0001), B5.15 (P = 0.033), B5.20 (P < 0.0001),
B5.25 (P < 0.0001), B5.30 (P < 0.0001) and B5.35 EDV
(P < 0.0001). B5.35 EDV was significantly higher than

B5.25 (P = 0.006), B5.20 (P = 0.0001), B5.l5 (P <

0.0001) and B5.l3 EDV (P = 0.001). B5.30 EDV was also
significantly higher than B5.20 (P = 0.002), B5.l5 (P <
0.0001) and B5.13 EDV (P = 0.0008). B5.25 EDV was
significantly higher than B5.15 EDV (P = 0.003). Software
zoom of 1 (B5.20Z1) underestimated EDV compared with
2.5 zoom software for the same reconstruction filter (P =
0.0002).

Effectof FilteringandZoomingon EndSystolicVolume
Filtering and zooming have a significant effect on ESV

(Fig. 2B). Tl-gated SPECT tended to overestimate ESV
compared with LVG. LVG ESV was significantly lower than
B5.15 (P = 0.04), B5.20 (P = 0.002), B5.25 (P < 0.0001),
B5.30 (P < 0.0001) and B5.35 EDV (P < 0.0001). B5.35
ESV was significantly higher than B5.20 (P = 0.0002),
B5.15 (P < 0.0001) and B5.13 ESV (P < 0.0001). B5.30
ESV was also significantly higher than B5.20 (P = 0.002),
B5.15 (P < 0.0001) and B5.13 ESV (P < 0.0001). B5.25
ESV was significantly higher than B5.20 EDV (P = 0.03),
B5.15 EDV (P < 0.0001) and B5.13 ESV (P = 0.0002).
B5.20 ESV was significantly higher than B5.13 ESV (P =

0.01). Software zoom of 1 (B5.20Z1) underestimated ESV
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Thallium-gatedSPECTzi

ERNA LVEF B5.2065.13Z2.5B5.15B5.20B5.25B5.30B5.35a

Â±SE 0.85 Â±0.14 0.44 Â±0.05
b Â±SE 10.5 Â±4.9 15.7 Â±2.8

r 0.75 0.86
F 35.48 78.16
P <0.0001 <0.00010.63

Â±0.06
11.5 Â±3.0

0.88
94.25
<0.00010.70

Â±0.09
11.0 Â±3.8

0.83
58.69
<0.00010.61

Â±0.09
15.9 Â±3.9

0.76
39.68
<0.00010.71

Â±0.09
11.7 Â±3.9

0.81
53.86
<0.00010.67

Â±0.09
14.0 Â±3.8

0.80
48.39

<0.0001LVG

LVEF B5.20B5.13B5.15B5.20B5.25B5.30B5.35a

Â±SE 0.38 Â±0.29 0.45 Â±0.09
b Â±SE 26.9 Â±10.2 16.2 Â±5.1

r 0.26 0.72
F 1.73 25.32
P 0.20 <0.00010.58

Â±0.15
15.0Â±6.8

0.62
14.82
0.00080.82

Â±0.17
7.8 Â±7.2

0.70
21.53
<0.00010.60

Â±0.18
17.3 Â±7.1

0.57
11.10
0.00290.70

Â±0.18
13.9Â±7.0

0.63
14.86
0.00080.62

Â±0.18
16.8Â±7.2

0.57
11.33

0.0027LVG

EDV B5.20B5.13B5.15B5.20B5.25B5.30B5.35a

Â±SE 0.57 Â±0.06 0.43 Â±0.05
bÂ±SE 81Â±15 89Â±14

r 0.87 0.88
F 74.56 80.53
P <0.0001 <0.00010.50

Â±0.04
83Â±11

0.93
148.20
<0.00010.50

Â±0.05
73Â±14

0.90
89.08
<0.00010.52

Â±0.06
58Â±16

0.87
78.14
<0.00010.54

Â±0.06
41Â±17

0.89
87.55
<0.00010.45

Â±0.05
62Â±17

0.87
75.78

<0.0001LVG

ESV B5.20B5.13B5.15B5.20B5.25B5.30B5.35a

Â±SE 0.62 Â±0.06 0.47 Â±0.03
bÂ±SE 37Â±10 57Â±7

r 0.90 0.94
F 105.42 165.04
P <0.0001 <0.00010.52

Â±0.04
49Â±7

0.94
171.22
<0.00010.52

Â±0.04
38Â±7

0.94
204.15
<0.00010.53

Â±0.04
28Â±9

0.93
141.75
<0.00010.55

Â±0.05
21Â±10

0.92
122.50
<0.00010.51

Â±0.05
25Â±11

0.90
108.28

<0.0001ERNA

= equilibriumradionuclideangiography.
LVEF = leftventricularejectionfraction.
LVG = leftcontrastventriculography.
EDV = enddiastolicvolume.
ESV= endsystolicvolume.
F = F value.
a Â±SE= slopeof linearregressionÂ±SE.
b Â±SE = interceptof linearregressionÂ±SE.

TABLE 1
Results of Linear Regression Analysis Between ERNA, LVG and Thallium-Gated SPECT

compared with 2.5 zoom software for the same reconstruc
tion filter (P = 0.02).

DISCUSSION

This study demonstrates that accurate LVEF measurement
may be obtained with Ti-gated SPECT in patients with
major myocardial infarction. However, filtering and zoom
ing greatly influence EDV, ESV and LVEF measurements,
and TI-gated SPECT overestimates EDV and ESV in
patients with major myocardial infarction.

Because LVEF is a fundamental parameter for diagnosis
and prognosis in patients with coronary artery disease,
accurate determination of LVEF is important, especially in
patients with severe myocardial scar. Therefore, gated
SPECT was tested in patients with major myocardial
infarction and/or left ventricular dysfunction.

This study was performed with 201'fl. Although techne

tium agents are widely used in myocardial gated-SPECT
studies, 201Tlremains the main radionuclide for myocardial
studies in the U.S. (12). Two principal reasons explain this
phenomenon: (a) increased Tl lung uptake with stress is
associated with decreased left ventricular function, multives
sel or severe coronary disease and poor prognosis (20â€”24),
and (b) 201T1is widely considered to be the agent of choice
for identifying myocardial viability (25,26). Nevertheless,
201'flwas preferred in our patients referred for evaluation of
myocardial viability. A gated SPECT study was performed

to assess simultaneously rest perfusion and function in these
patients.

Technetium agents are also widely used in myocardial
gated-SPECT studies, because they offer the advantages of
higher injectable dose compared with 201fl, as well as a
higher myocardial count density. A recent study showed
accurate and comparable LVEF and volume measurements
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z1

ERNA LVEF B5.20 B5.13Thallium-gated

SPECTZ2.5B5.15

B5.20B5.25 B5.30 B5.35

B5.13 B5.15 B5.20 B5.25 B5.30 B5.35

B5.13 B5.15 B5.20 B5.25 B5.30 B5.35

B5.13 B5.15 B5.20 B5.25 B5.30 B5.35

TABLE2
Results of Bland-Altman Analysis Between ERNA, LVG and Thallium-Gated SPECT

LVG

LVG

LVGM

Â±SD
a Â±SE
b Â±SE

r
F
P

LVEF

MÂ±SD
a Â±SE
bÂ±SE

r
F
P

EDV

MÂ±SD
aÂ±SE
bÂ±SE

r
F
P

ESV

MÂ±SD
a Â±SE
bÂ±SE

r
F
P5.4

Â±7.4
0.14 Â±0.14
0.2 Â±5.4

0.19
1.00
0.32

B5.20

6.7Â±15.0
0.59 Â±0.30

â€”14.8Â±11.3
0.38
3.86
0.06

B5.20

0Â±61
â€”0.44Â±0.10

84Â±22
â€”0.66
18.02
<0.0001

B5.20

â€”14Â±50
â€”0.39Â±0.09

32Â±14
â€”0.68
19.51
<0.0001â€”13.6

Â±13.1
â€”0.68Â±0.09

17.7Â±4.5
â€”0.81
53.29
<0.0001â€”4.2

Â±7.6
â€”0.34Â±0.09

9.7 Â±4.0
â€”0.56
12.90
0.0012â€”0.9

Â±7.5
â€”0.19Â±0.12

6.5 Â±4.9
â€”0.28

2.46
0.121.1

Â±8.9
â€”0.26Â±0.14

10.9Â±5.5
â€”0.34

3.55
0.071.0

Â±7.3
â€”0.13Â±0.12

6.1 Â±4.9
â€”0.20

1.21
0.201.9

Â±7.9
â€”0.19Â±0.13

8.9 Â±5.0
â€”0.27

2.15
0.15â€”12Â±77

â€”0.67Â±0.07
73Â±11
â€”0.90
100.40
<0.0001â€”18Â±66

â€”0.59Â±0.07
59Â±11
â€”0.88
76.51
<0.0001â€”34Â±64

â€”0.59Â±0.06
45Â±11
â€”0.89
87.88
<0.0001â€”52Â±63

â€”0.55Â±0.07
29Â±13
â€”0.84
54.41
<0.0001â€”61Â±60

â€”0.52Â±0.08
18Â±14
â€”0.80
42.00
<0.0001â€”67Â±68

â€”0.58Â±0.08
23Â±15
â€”0.82
48.11
<0.0001

â€”12.6Â±16.0â€”0.54
Â±0.1612.1
Â±7.7â€”0.5811.710.0023

â€”2.5Â±12.8
â€”0.08Â±0.20

0.8 Â±8.6
â€”0.08

0.16
0.69

1.1 Â±10.5
0.20 Â±0.18
â€”6.8Â±7.2

0.24
1.31
0.26

2.6 Â±12.9
0.08 Â±0.22
â€”0.3Â±8.8

0.07
0.11
0.73

2.8 Â±11.8
0.14 Â±0.20
â€”2.4Â±8.0

0.14
0.47
0.50

2.8 Â±12.7
0.10 Â±0.22
â€”1.0Â±8.7

0.09
0.20
0.65

â€”47Â±95â€”0.73
Â±0.09110
Â±22â€”0.8663.15<0.0001

â€”23Â±74
â€”0.61Â±0.07

102 Â±17
â€”0.87
72.22
<0.0001

â€”43Â±74
â€”0.58Â±0.09

82 Â±22
â€”0.80
40.32
<0.0001

â€”64Â±70
â€”0.54Â±0.10

56 Â±20
â€”0.75
29.40
<0.0001

â€”84Â±65
â€”0.50Â±0.09

34 Â±24
â€”0.74
28.34
<0.0001

â€”94Â±87
â€”0.67Â±0.10

66 Â±25
â€”0.82
48.41
<0.0001

ERNA = equilibriumradionuclideangiography.
LVEF = leftventricularejectionfraction.
LVG= leftcontrastventriculography.
EDV= enddiastolicvolume.
ESV= endsystolicvolume.
F = F value.
M Â±SD = meanofdifferencebetweenreference,method(ERNAor LVG)andthallium-gatedSPECT.
a Â±SE = slopeof linearregressionofBland-AltmanplotÂ±SE.
b Â±SE = interceptofthe linearregressionof Bland-AltmanplotÂ±SE.

with 201'fl compared with 99mTc, when count density was
greater than 500,000 counts in the myocardial area (27). To
obtain higher image quality and higher count density in our
gated SPECT, each projection was obtained during 120 s.
During 120 s and with 185 MBq (5 mCi) injected, a total
2.8 X 106 Â±0.7 X 10@counts (M Â±SD) were obtained in the

myocardial area. However, because most laboratories use
less injected activity (except for re-injection protocols), the
optimal filters found in this study are possibly not adapted
for higher noise-to-signal ratio images associated with lower
injected activity, even with the same camera and collimators.

This study also demonstrates that TI-gated SPECT is
feasible in patients with major myocardial infarction. Recon

structions were performed semiautomatically in all patients.

Gated SPECT with B5.20Z2.5 simultaneously offers mean
LVEF value (39% Â±2%) similar to ERNA (39% Â±2%) and
LVG (40% Â±3%), optimal correlations with both ERNA
(r 0.83) and LVG (r 0.70) (Table 1), and minimal mean
differences with both ERNA (M Â±SD = â€”0.9% Â±7.5%)
and LVG (M Â±SD = 1.1% Â±10.5%) (Table 2). Correla
tions between Tl-gated SPECT LVEF and ERNA LVEF
were considered acceptable (range 0.75â€”0.88).Correlations
were less satisfactory with LVG LVEF.

Several studies have been reported with gated SPECT.
Tracers, injected doses, acquisition protocols and reconstruc
tion parameters were generally different (Appendix Table 2).
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ventricular cavity is required for accurate edge detection
with gated SPECT. To fully evaluate our results, we tested
the influence of cutoff frequency on contrast. Contrast
between myocardium and ventricular cavity was calculated
for B5.l3, B5.20 and B5.35 filters, at the site of necrosis
([necrosis â€”cavityl/[necrosis + cavity]) and in the normal
uptake ([normal â€”cavity)/(normal + cavity]), in diastole
and in systole (Fig. 4). Counts were measured in a 4 X 4
pixel ROl. Mean contrast did not differ between diastole and
systole (0.55 Â±0.47 versus 0.50 Â±0.47; P = NS). However,
with B5. 13 filter, contrast greafly decreased in the necrotic
region compared with the ventricular cavity. Because soft
ware defined the maxima of the first derivatives of the
squared activity profiles, endocardial edge may be defined
incorrectly when myocardium/cavity contrast is decreased.
Therefore, reducing filter cutoff frequency decreases con
trast and also alters edge detection quality, particularly in the

FIGURE2. (A) Comparisonof EDVmeasuredby LVGand
Ti-gated SPECT. Data are mean Â±SEM. tSignificantly lower
than B5.20, B5.25, B5.30 and 5.35 EDV. @Significantlylowerthan
B5.20Z2.5 EDV. *signffi@ntly higher than B5.25, B5.20, B5.15
and B5.13 EDV. **Signifi@ntly higher than B5.20, B5.15 and
B5.13 EDV. ***Significantiyhigherthan B5.15 EDV. (B) Compari
son of ESV measured by LVG and TI-gated SPECT. Data are
mean Â±SEM. tSignificantly lower than B5.15, B5.20, B5.25,
B5.30 and 5.35 ESV. @Significantlylower than B5.20Z2.5 ESV.
*Significantlyhigherthan B5.20, B5.15 and B5.13 ESV. **signifi
cantlyhigherthan B5.13 ESV.
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FIGURE1. ComparisonofLVEFmeasuredbyERNA,LVGand
TI-gated SPECT. Data are mean Â±SEM. *Significantly higher
than all other LVEFs. **Significantlyhigherthan B5.25, B5.30 and
B5.35 LVEF. ***Significantlylowerthan B5.20Z2.5 LVEF.

Hanning and Butterworth filters were used in most cases.
For Butterworth filters, orders ranged from 2.5 to I4, and
Nyquist cutoff frequencies ranged from 0. 15 to 0.33. For
Hanning filters, cutoff frequencies ranged from 0. 13 to 0.75
(4â€”6,8,9,11â€”13,28â€”36).In this study, the cutoff frequency

variation of the reconstruction filter greatly influenced
LVEF, EDV and ESV measurements (Figs. 1 and 2). The
cutoff frequency defines the point at which the filter
produces significant high-frequency suppression. Because
edge has a high frequency, decreasing the cutoff frequency
alters edge detection. This explains the increase in EDV and
ESV when cutoff frequency increases (Fig. 2). An example
is given in Figure 3. These modifications of myocardial

volumes have a significant effect on LVEF measurement
(Fig. 1).

With our method, Ti-gated SPECT overestimated EDV
and ESV measurements compared with LVG regardless of
the filter used. These results differ from those of Mochizuki
et al. (6), who reported volume underestimation with gated
SPECT compared with LVG. Four principal reasons may
explain this difference. First, the authors used 99mTc@
sestamibi or 99mTc,tetrofosmin with an injected dose of
20â€”30mCi. Second, they used a low cutoff frequency for
reconstruction filters (B8. 15). Third, volume assessment was
performed using a two-dimensional geometrical approach.
Fourth, we studied a specific population with major myocar
dial infarction. Bland-Altman analyses showed that the
overestimation of Ti-gated SPECT volumes was correlated
to volume size (Table 2). To explain this result, differences
between LVG and TI-gated SPECT volumes were correlated

with the infarct size (Table 3). This analysis showed that the
overestimation of EDV and ESV with TI-gated SPECT was
strongly related to the infarct size for all filters (except for
ESV B5.2OZl and ESV B5.15; Table 3). (An example of
regression analysis is given for B5.20Z2.5 EDV and ESV
volumes in Appendix Fig. 2).

Moreover, a good contrast between myocardium and left
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lnfarctsize z1
versus EDVâ€”B5.20EDVâ€”B5.13Z2.5EDVâ€”B5.15EDVâ€”B5.20EDVâ€”B5.25EDVâ€”B5.30EDVâ€”B5.35a

Â±SE â€”0.17Â±0.04 â€”0.09Â±0.31â€”0.12 Â±0.04â€”0.14 Â±0.04â€”0.14 Â±0.04â€”0.16 Â±0.04â€”0.11 Â±0.03bÂ±SE
36Â±232Â±334Â±331Â±327Â±422Â±426Â±4r
â€”Ã”.63â€”0.55â€”0.52â€”0.61â€”0.58â€”0.64â€”0.57F
15.6910.148.5113.6912.0716.4411.09P
0.0006 0.0041

Infarctsize0.00780.00110.00210.00050.0029versus
ESVâ€”B5.20ESVâ€”B5.13ESVâ€”B5.15ESVâ€”B5.20ESVâ€”B5.25ESVâ€”B5.30ESVâ€”B5.35a

Â±SE â€”0.09Â±0.07 â€”0.10Â±0.04â€”0.08 Â±0.05â€”0.12 Â±0.05â€”0.13 Â±0.05â€”0.15 Â±0.05â€”0.14 Â±0.04bÂ±SE
35Â±336Â±335Â±3.332Â±330Â±427Â±427Â±4r
â€”0.28â€”0.46â€”0.33â€”0.45â€”0.47â€”0.54â€”0.56F

2.066.322.845.926.499.7110.92P
0.160.01940.110.02320.01800.00480.0031LVG

= leftcontrastventriculography.EDV
= enddiastolicvolume.ESV
= endsystolicvolume.F

= Fvalue.a
Â±SE = slopeof linearregressionÂ±SE.b
Â±SE = interceptof linearregressionÂ±SE.

ZI Z2.5

B5.20 65.13 65.35B5.15 B5.20 65.25 65.30

S e

EDV(mI) 305 325 287 317 363 384 394

,

ESV (ml) 235 224 201 224 277 298 309

LVEF(%) 23 31 30 29 24 22 22

FIGURE3. Exampleofeffectoffilteringandzoomingon EDV,ESV andLVEFinpatientwithmajormyocardialinfarction(diastolic
[Diast]and systolic[Syst]images withzoom 1 are magnified).

necrotic region. It is suggested that very low cutoff frequen
cies should not be used even with Tl.

When using a small reconstruction zoom, the pixel size is
high. The definition of endocardial edge is then less accu
rate. In this study, this phenomenon induces the underestima
tion of endocardial volumes, and an important underestima
tion of LVEF (Figs. 1 and 2). Because underestimation
predominates on the EDV (Fig. 2), LVEF is therefore

underestimated. Thus, because manufacturers propose differ
ent reconstruction zooms for different gated SPECT soft
ware, caution is needed when comparing either patients or
studies from different centers (or different software), even
when the same reconstruction filter is used (37). Such a
phenomenon probably occurs when two different acquisition
zooms are used. However, this last point was not evaluated
in this study.

TABLE3
Results of Linear Regression Analysis Between LVG and Thallium-Gated SPECT Volume Differences and Infarct Size (%)
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FIGURE4. Contrastinnormaluptakeregionsandinnecrosis
with B5.13,B5.20and B5.35filters.Contrastwas notsignificantly
differentbetween diastoleand systole.Data are mean Â±SEM.

CONCLUSION

Accurate LVEF measurements may be obtained with 16.
Tl-gated SPECT in patients with large myocardial infarc
tion. However, filtering and zooming greatly influence EDV,
ESV and LVEF measurements. Moreover, Tl-gated SPECT
overestimates left ventricular volumes in patients with
myocardial infarction, particularly when the infarct size is
large.

APPENDIX

Appendix figures and tables mentioned in this article are

on the Society of Nuclear Medicine web site at http:ll
www.snm.org/about/jnm_abs.html. These items can be found
at the end of this article's on-line abstract by clicking on the
title of the article in the Table of Contents.
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