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Myocardial Tracking, A New Method to
Calculate Ejection Fraction with Gated SPECT:
Validation with 2°'T| Versus Planar Angiography
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Left ventricular ejection fraction (LVEF) and viability are essential
variables for the prognosis of myocardial infarction and can be
measured simultaneously by 20'TI gated SPECT; however, most
algorithms tend to underestimate LVEF. This study aimed to
evaluate a new myocardial tracking algorithm, MyoTrack (MTK),
for automatic LVEF calculation. Methods: A rest/redistribution
(20 min/4 h) 201T| gated SPECT protocol followed immediately
by a ®mTc equilibrium radionuclide angiography (ERNA) was
performed in 75 patients with history of myocardial infarction.
Quality of myocardial uptake was evaluated from count statis-
tics and automatic quantification of defect sizes and severities
(CardioMatch). LVEFs were calculated both with Germano’s
quantitative gated SPECT (QGS) algorithm and with MTK.
Briefly, the originality of this algorithm resides in the unique
end-diastole segmentation, matching to a template and motion
field tracking throughout the cardiac cycle. Results: ERNA
LVEF averaged 33% *+ 14%. QGS significantly underestimated
this value at 20 min (30% = 13%, P < 0.001) and at 4 h (30% =
13%, P < 0.0001). By contrast, MTK did not miscalculate
LVEF at 20 min (34% = 14%, probability value was not
significant) though a similar underestimation occurred at 4 h
(31% =+ 13%, P < 0.02). Individual differences between early
and late gated SPECT values and differences between gated
SPECT and ERNA values did not correlate with the extension
of perfusion defects, count statistics, or heart rate. Conclu-
sion: The MTK algorithm calculates LVEF on early/high-count
images more accurately than ERNA, even in patients with
severe perfusion defects, but tends to underestimate LVEF
on delayed/low-contrast images, as other algorithms do.
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Combined measurement of left ventricular ejection frac-

detection of hibernating tissue and may lead to a revascu-
larization procedure with subsequent functional gdis8).

The possibility of measuring these critical variables of car-
diac function during the same acquisition withTI gated
SPECT (gated SPECT) is very attractivg.(

Numerous algorithms have been proposed for extracting
LVEF information from gated SPECT dat&—-10). The
most widely accepted algorithm, quantitative gated SPECT
([QGS] Cedars Sinai Medical Center, Los Angeles, CA),
was developed by Germano et &) @nd has largely con-
tributed to the rapid growth of gated SPECT techniques
(11). This algorithm has shown satisfying precision (intra-
and interstudy reproducibility) witl¥*"Tc-labeled agents
(7,12-14) and, to a lesser extent, withiTl-labeled agents
(14-16). However, QGS leads to a systematic underestima-
tion of LVEF compared with planar equilibrium radionu-
clide angiography (ERNA); this underestimation is mainly
attributed to a temporal undersampling of the left ventricu-
lar-volume—time curve?=15). Although this relative inac-
curacy may have little impact on the prognosis of patients
with low likelihood of coronary artery disease, it may be-
come critical in patients with a history of Ml. In the latter
case, severe perfusion alteration may further impair the
detection of endocardial outlines by QG$2(15,17) and
further reduce the accuracy of LVEF measurement.

In this study, we present a new algorithm, MyoTrack
(IMTK] HealthCenter Internet Services, Sophia-Antipolis,
France), for the calculation of LVEF from gated SPECT
acquisitions. For an optimal and rigorous testing, we eval-
uated both the precision of this method in?@&TI rest/
redistribution (20 min/4 h) protocol and its accuracy versus
planar ERNA in patients with severe perfusion defects
resulting from an Ml.

tion (LVEF) and residual viability after a myocardial in-
farction (MI) has demonstrated incremental prognostMATERIALS AND METHODS
value of cardiac events (1,2). Particularly, it allows th@opulation
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VALIDATION OF MYOCARDIAL TRACKING e Itti et al.

We consecutively studied 75 patients (70 men, 5 women; age
range, 35-79 y; mean age, 59 11 y) referred for viability
assessment after MI between June 1999 and June 2000. We ex-
cluded patients with acute Ml (<15 d), unstable angina, or elec-
trocardiographic arrhythmia. All patients weighed.00 kg. Ne-
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croses predominantly involved the anteroseptal wall in 48 patientsg entire myocardial volume), severity (average loss of intensity
inferior wall in 23 patients, and lateral wall in 4 patients. Allwithin the defect), and location. Reconstruction, reorientation, and
patients underwent the same 1-d imaging protocol, including reatitomated analysis were performed by 2 operators who were
redistribution2°IT| gated SPECT, followed by planar ERNA. blinded to the patients’ characteristics and interobserver reproduc-

S ibility was determined.
Acquisition Protocol

Rest and redistribution gated image volumes were gathered I24EF Processing
min and 4 h after a unique intravenous injection of 111 MBq LVEF was calculated from gated SPECT volumes using both
201T|-chloride. Both acquisitions were performed after 10 min ofhe QGS and the MTK software packages (Fig. 1). Heart rate was
rest using the same single-head APEX-SP6 gamma camera (Fted for the early and late acquisitions.
gems, Haifa, Israel) equipped with a low-energy all-purpose col- QGS MethodThe interface implemented on our Xpert system
limator. Spectrometry was centered on both the 71 and 167 k&43 (Elgems) first reconstructed the gated volumes using a But-
201T| photopeaks with 30% and 20% symmetric windows, respeterworth filter (order 5.0; cutoff, 0.35 cycle per pixel), then de-
tively. Gated SPECT procedure consisted of a 180° circular orfiicted the endocardial surfaces on short-axis slices for each of the
acquisition around a supine patient£n71) or prone patient (v 8 frames per cardiac cycle, and finally derived LVEF from end-
4) with 30 40-s steps; total imaging duration was 20 min. Eadliastolic and end-systolic ventricular volumes. No manual correc-
projection included 8 frames per cardiac cycle in644 matrices. tion was allowed in our version; consequently, the automated edge
Perfusion volumes were derived from the summation of the @gtection was visually controlled by 2 observers for eventual
projections per cycle whereas contraction images were obtain#ghdrawing of failed patients but detection was judged successful
from the addition of the 30 projections every eighth of a cycle. in all cases.

Planar ERNA was performed within several minutes after the MTK Method.Because MTK processing has been described
4-h redistribution scan, using an APEX-415 single-head gamrfsewhere (20-22), the steps are only summarized here (Fig. 2).
camera (Elgems) equipped with a low-energy all-purpose colliméfter manual reconstruction using a Butterworth filter (order 6.0;
tor. Equilibrium images were acquired in the left anterior obliqueutoff, 0.50 cycle per pixel), the gated volumes underwent only 1
(with adapted angle for optimal septum visualization) after in vivéegmentation of the first time-frame (generally the end-diastole).
labeling of red blood cells by injection of 1 mL pyrophosphate andihis segmentation consisted of an affine matching between the
740 MBq ®Tc. This projection included 16 frames per cardiagnd-diastole myocardium and a reference myocardial template
cycle, in a 64X 64 matrix, and spectrometry was centered on thé8), which provided morphological a priori knowledge of the
140 keV photopeak with a 20% tolerance window. Total acquiskerfusion distribution (e.g., for the determination of a nonflat valve

tion count was preset at 6.4 million. plane) and allowed for the initialization of two 3-dimensional (3D)
] elastic ellipsoids (endocardial and epicardial). These surfaces were
Quality Control represented by a set of nodes (3D grid) regularly defined in polar

For the determination of count statistics, a circular region @foordinates. The nodes were then used to track ventricular motion
interest (ROI) was drawn around the epicardium on the 45° Igff the 3D + T (time) sequence throughout the 8 phases of the
anterior oblique projection, which corresponded to the 15th stefirdiac cycle using a dense motion field computation with iterative
for most acquisitions. Within each patient, we kept the same R@bnstraints of intensity conservation and temporal cyclic§—
size between early and late images. Additionally, an unvarying2). Each deformation field (1 for each time-frame) was used to
sized pulmonary ROI was drawn at the middle third level of thgpdate the ellipsoid node positions during the sequence, leading to
right lung field on the anterior projection, which was usually thg 3D dynamic surface representation, out of which LVEF was
fifth step of tomograms. Within these ROls, total count, absolutglculated by volume computation. Reconstruction, reorientation,
minimum, absolute maximum, and mean count-per-pixel Weehd LVEF calculation of all datasets were completed by 2 opera-
measured to quantify myocardial uptake and lung-to-heart ratigrs who were blinded to other results, and interobserver repro-
Ultimately, an analysis of uptake heterogeneity was performed Byicibility was determined. Reconstruction was performed with an
calculating SD and skewness of the activity histogram within theptimized zoom factor (>2.0) empirically determined in an un-
myocardial ROI, and the 2-dimensional (2D) gradient of spatiglublished substudy. Total processing time of 1 ejection fraction
distribution (average slope of the intensity profile between 2 neig{including manual steps) took approximately 3 min on a 450-MHz
boring pixels). workstation.

Perfusion Analysis LVEF was calculated from ERNA using the Xpert 5.13 planar

After the si hecked fusion | | éarocessing, which automatically drew an ROl around the left
erthe sinogram was checked, periusion Image volumes W&ig ;.o cavity for each frame of the cardiac cycle and derived

reconstructed by filtered backprojection with a 2D BlJtterWOHEVEF from end-diastolic and end-systolic counts inside the ROI.

filter (order 4.0, cutoff 0.25 cycles per pixel) and manually reoriz inema display and automated ROI drawing were checked by 2

ented. Perfusion defects were quantified by CardioMatch (Healto'servers; in cases of software failure, the defective ROl was

Center Intermet Services), an automated software package Pre¥trawn. Heart rate was noted just as it was for the gated SPECT
ously validated (18,19). Briefly, this interface automaticall cguisiti.ons

determined left myocardial edges and matched them to a referenc
template of normal perfusion distribution. Then, it compared tH8tatistical Analysis

perfusion intensity within each voxel to the mean intensity of the Interstudy repeatability between rest (20 min) and redistribution
corresponding voxel issued from a database of gender-matctiédh) gated SPECT ejection fractions was assessed by paired
and template-matched normal perfusion scans. In every matct&ddentt test and regression analysis. Similarly, comparisons
myocardium, this technique provided an objective score for the Ndetween QGS and MTK results were evaluated using paitest
extension (volume of significantly hypoperfused voxels divided bgnd regression analysis. Accuracy of LVEF values calculated
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FIGURE 1. Example of LVEF processing
within same patient with QGS (A) and MTK
(B) methods. Note difference in myocardial
edge detection (arrowheads), which may
alter left-ventricular-time curve (arrows)
between QGS (C) and MTK (D). Ejection
fraction was measured at 45% using
ERNA, 41% using MTK, and 30% using
QGS.

using gated SPECT compared with planar ERNA was assessated for early and late acquisitions at 29.56 and 25.44 units,
using the Bland—Altman plot (23). Furthermore, influence of agespectively (Fig. 3).
quisition parameters (counts, heterogeneity, heart rate) and perfulnterestingly LVEF values calculated with the MTK

sion alterations on eventual LVEF disagreements between b : - :
gated SPECT or between gated SPECT and ERNA was assesslg hod at 20 min were not statistically different from those

using regression analysis. All analyses were performed with St.%?-t,{’“m':'_d with ERNA, Whereasal..83.i 7.18 unit under-
view 5.0 software (SAS Institute Inc., Cary, NC) aRd< 0.05 €stimation was observed at 4 h, similar to the one reported

expressed a significant difference. with QGS (P< 0.02, Table 1). Linear regression showed
correlation factors> 0.85 and Bland—Altman analysis of the
RESULTS agreement between MTK and ERNA found ranges from

Gated SPECT Versus Planar ERNA Ejection Fractions mean= 2 SD calculated for early and late acquisitions at
(Accuracy) 27.76 and 28.72 units, respectively (Fig. 3).

Reference LVEF calculated from semiautomated planarFurthermore, we ranked our population into 5 subgroups
ERNA averaged 33% 14% (range, 9%—69%). Compar—in increasing range of reference LVEF (ERNA) and we
atively, ejection fractions obtained from gated SPECT witRoticed that the QGS underestimation progressively in-
the QGS algorithm were significantly lower by2.96 + creased at the higher LVEF range (Fig. 4). Closer agree-
7.39 units below ERNA values at 20 min €2 0.001) and ments were obtained in the lower range of LVEF (groups |
by —3.29 + 6.36 units at 4 hR < 0.0001) but linear and I, LVEF = 29%) whereas significant differences were
regression showed correlation factors 0.85 (Table 1). found in the higher range (groups lll to V, LVEE 30%).
Bland—Altman analysis showed close agreement betweEne same phenomenon, although moderate, was observed
QGS and ERNA, with ranges from mean 2 SDs calcu- with MTK at 4 h and for higher LVEF range (groups IV and

FIGURE 2. Description of MTK algorithm
for calculation of ejection fraction. Unique
myocardial segmentation is performed on
first time-frame volume (1, end-diastole)
with matching to reference template to ob-
tain morphological constraints of perfusion
distribution, particularly for determination
of valve plane. This procedure generates
two 3D elastic ellipsoids (2, endocardial
surface is represented mapped with perfu-
sion polar map and epicardial surface is
represented as wire grid). Node positions
of these ellipsoids are tracked throughout 8
frames of cardiac cycle (3).

VALIDATION OF MYOCARDIAL TRACKING e Itti et al. 847
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TABLE 1

Correlation Between Planar ERNA and Two Gated SPECT Acquisitions Processed with QGS and MTK

Parameters QGS 20 min QGS 4 h MTK 20 min MTK 4 h
Ejection fraction (%)* 30 =13 30 =13 34 + 14t 31 £ 13
Range 6-58 7-60 8-64 8-63
Regression equation y =0.77x + 4.74 y = 0.80x + 3.34 y = 0.87x + 5.52 y = 0.80x = 4.87
r 0.86 0.90 0.88 0.87
SEE (%) 6.68 5.75 6.76 6.61

*Reference ejection fraction = 33 + 14, range = 9-69.

TObtained values did not differ significantly from corresponding ERNA values. Other processing did significantly underestimate reference
ejection fractions.

Data are expressed as mean * SD.

V, LVEF = 40%). By contrast, no significant differencevidual discrepanciess5 units between early and late
between ERNA and MTK was observed at 20 min for allVEFs with QGS, whereas only 43 patients (57%) had
ranges of LVEF. these discrepancies with MTK. These discrepancies ranged
- Iy . R : :
Rest Versus Redistribution Gated SPECT Ejection 610 units in 11 patients (15%) with QGS and in 20 patients
. . (27%) with MTK.
Fractions (Precision)

Reproducibility.Interobserver reproducibility of the full Influence of Count Statistics on LVEF Calculation
MTK processing was excellent at 20 min= 0.979, SD= Variations of count statistics between early and late gated
2.96) and at 4 hr(= 0.975, SD= 3.03). However, we SPECT acquisitions are summarized in Table 2. As ex-
noticed that a reconstruction zoom of 2.0 or higher wasected from the myocardial pharmacodynamic®&fl, we
mandatory to avoid systematic lowering of LVEF valuesbserved a significant29% = 12% decay of total counts
(Fig. 5). within the ROI as well as a significant decay of tmaxi-

Repeatability. There was no significant difference beimum, minimum, and mean counts29% =+ 12%, —32% =+
tween LVEF values calculated at 20 min and at 4 h with6%, and—30% * 12%, respectively). As a consequence of
QGS and correlation was very good witk= 0.90 (Fig. 6). the relative homogenization of delayed myocardial uptake,
Conversely, a significant drop was observed between 2@ noticed a significant (—25% 16%) decrease of the
min and 4 h with MTK computation (mean differenee pixel SD between 20 min @4 h as well as a significant
—3.12 = 6.22 units,P < 0.0001). The correlation factor decrease of the 2D gradient, though no significant difference
was identical, but the linear regression slope was slightlyas found concerning the skewness of count histogram.
closer to 1.0 when measured with QGS than when measufédally, we observed a significant-@% *+ 17%) decrease
with MTK. We observed that 56 patients (75%) had indief lung-to-heart ratio between 20 min and 4 h.
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FIGURE 3. Bland-Altman representation
of accuracy of gated SPECT ejection frac-
tions compared with planar ERNA, calcu-
lated with QGS at 20 min (A) and at 4 h (B)
and calculated with MTK at 20 min (C) and
at 4 h (D). Except for MTK at 20 min, each
process led to significant underestimation.
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QGS at 20 min (A) and at 4 h (B) progres-

]e=ns
- sively increases when actual LVEF is high.
] *— Paired t tests are significant in groups with
p=NS
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LVEF = 30%. MTK at 20 min (C) accurately
measures LVEF with no significant differ-
ences between gated SPECT and ERNA
p = 00003 values in all subgroups. Results obtained
with MTK at 4 h (D) show similar progres-

p =005
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with QGS. Boxes represent mean underes-
timations with associated error bars.

No correlation was found between individual LVEF varidnfluence of Perfusion Defects on LVEF Calculation
ations from 20 min to 4 h and the corresponding variations Infarction sizes detected by CardioMatch at 20 min
of counts, homogeneity, or lung-to-heart ratio, with eitheilanged from 2.1%-63.8% (mean, 27.1%15.4%) of the
QGS or MTK methods. In addition, no significant relationentire myocardial volume. Interobserver reproducibility of
ship was found between the LVEF underestimation olthis processing was excellent with= 0.988 and SD=
served with QGS (at 20 min and 4 h) or with MTK (at 4 h)2.3%. Severity of hypoperfusion within the MI defects
compared with ERNA, and the corresponding values @veraged 44.3% 10.0% of intensity loss compared with
count, homogeneity, or lung-to-heart variables summarizgte normal reference populations (range, 23.9%—-69.2%). A
in Table 2. However, we noticed that QGS and MTHsignificant?*'Tl redistribution of perfusion was detectable in
underestimation of LVEF at 4 h tends to be all the morenly 6 patients at 4 h. In those cases, volume of redistribu-
severe when SD of the myocardial uptake was low ari®n averaged 5.2% 5.0% of the initial defect and inten-
skewness was negative (asymmetric histogram tail on thiéy recovery averaged 28.2% 11.7% of the initial loss,
low intensities).
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FIGURE 5. Low reconstruction zooms artificially underesti-

mate LVEF calculated with MTK. This systematic error can be
avoided by using zoom factor of 2.0 or higher.

but, relative to the entire population, redistribution was
considered negligible.

We did not observe any relationship between MI size or
severity and the magnitude of LVEF underestimation by
QGS (at 20 min and 4 h) or MTK (at 4 h). Similarly, indi-
vidual LVEF variations from 20 min to 4 h were nobrre-
lated with MI size or severity, with either QGS or MTK.

Influence of Heart Rate on LVEF Calculation

Despite every effort to perform all acquisitions at rest, we
observed significant variations of heart rate between 20-min
and 4-h gated SPECT (75 16 and 79+ 19 bpm,respec-
tively; P = 0.02) as well as between 4-h gated SPECT
and ERNA (74= 17 bpm;P = 0.008). However, the
discrepancies between the 3 individual LVEF values
were not statistically related to the corresponding varia-
tions of heart rate, when gated SPECT ejections fractions
were calculated with QGS or MTK (heart rate variation
averagedt+ 7% + 22% between 20 min and 4 k2% =+
15% between 20 min and ERNA, and8% * 21%
between 4 h and ERNA).
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are significantly lower than those mea- P S AP s, N A
sured during early/high-count acquisitions.
DISCUSSION given by Germano (—3.71%) (7), as well as those given by

This study investigated a new software approach for tipghers (15,16). Therefore, one must take into account this
automated calculation of LVEF from perfusion gate@henomenon when interpreting LVEF given by QGS, com-
SPECT data. The method described was tested during cBgred with anatomical techniques such as contrast ventricu-
ical scintigraphic settings (i.e., during a rest/redistributiolegraphy (10,24), echocardiography (25), or cine MRI
protocol involving an isotope with suboptimal propertieg(17,26). In fact we emphasized in our results that the LVEF
201IT|, in patients with severe perfusion defects resultingnderestimation was more in proportion to the level of
from a myocardial infarction). We demonstrated that MTKardiac contraction than it was to the rapidity of cardiac
can calculate LVEF with high accuracy during early restycle. Indeed, both the Bland—Altman plots (Fig. 3) and the
acquisitions compared with planar ERNA, which was chaletailed analysis of the LVEF range of values (Fig. 4)
sen as the gold standard, though the repeatability of mefemonstrated progressively increasing underestimation of
sures at 4-h intervals was less satisfying than it was with tefection fractions> 30%, as previously described (10),
QGS method. whereas individual LVEF discrepancies were not correlated

Accuracy of Gated SPECT Measurements Versus with the magnitude of heart ra.te var|§t|ons. )
Planar ERNA By contrast, the MTK algorithm did not underestimate

An important finding of our study is that MTK did not ERNA ejection fractions for any range of magnitude (Fig.
underestimate the LVEF during early gated SPECT acqlﬁ‘i)- Since it is based on motion field tracking, we assume that
sitions, unlike QGS. the temporal cyclicity constraints of this approach are more

We found that QGS processing resulted in a slight uefficient. Indeed, the algorithm uses 3D deformable grids
derestimation of LVEF values during both the 20-min an@here each node trajectory throughout the cardiac cycle
the 4-h acquisitions, which averaged2.96 and—3.29 [X(1),y(1),z(t)] is approximated by a sinusoid constrained to
units, respectively (Fig. 3). This underestimation is geneits first Fourier harmonic. All previously published methods
ally attributed to temporal undersampling of the 8-framef gated SPECT processing rely on frame-by-frame seg-
versus 16-frame acquisition procedui®.(In our popula- mentation of the myocardial outlineS<10); therefore, each
tion, QGS underestimation was of the same order as tliaiage volume is considered independently, even if temporal
filtering is applied to smooth the final left ventricular curve.
Conversely, tracking heart motion is the more natural ap-

o TABLE 2 g | proach for MRI techniques, such as tagged MRA)( phase
Count Distribution and Heterogeneity of Myocardial MRI (28 d MRI (29). but it h b
Uptake for Both Gated SPECT Acquisitions cont_rast (28), or gate_ . (29), but it has never been
applied to gated SPECT imaging before. We demonstrate
Parameter 20 min 4h Paired t-test  here that such an approach is valid.

Myocardial ROI We can also assume that the det_ection of my_ocardial
Total count 21,181 + 5,722 14,672 + 3,841 P <0.0001  outlines are better with MTK, for 3 main reasons. First, the
Maximum count 145 = 29 101 =20 P <0.0001  segmentation of end-diastole image volume relies on a
Minimum count 40 = 1 268  P<00001  canny-Deriche filter (30), which uses a recursive approach
Mean count 8a=18 sr=12 P=0.0001 4, allow more robustness than the classical methods based
SD 20+ 5 14 + 3 P < 0.0001 X ) i :

Skewness 022 + 026 023 + 0.24 NS on the detection of myocardial outlines or mid wall through
Mean (x,y) radial intensity profiles (7—9). Second, the affine transfor-
gradient —-0.30 +0.88 —0.02=048 P <0.001 mation leading to template matching gives morphological

Lung-to-heart ratio  0.62 = 0.17 058 =010 P <0007 oqqiraints that suit the myocardial perfusion distribution

- more accurately than would an ellipsoid fitting) (Fig. 1).
NS = not significant. Third, all steps of LVEF computation by MTK are fully 3D,
Data are expressed as mean = SD. unlike other methods where ventricular surfaces are deter-
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mined from the 2D outlines detected on the short-a%jg)( +18% during such daily activities as walking, climbing
or long-axis slices (10). stairs, and eating, or may decrease up-t% when sitting
Concerning the influence of perfusion defects, we assunmea cold room and performing mental taskd$(36). How-
that the greater accuracy of LVEF measurements with MT&ver, this concept of environmental stress is not supported in
more likely results from the dense motion field tracking thaour study for 2 reasons. First, no correlation was found
from the method used for myocardial segmentation. Indedzktween heart rate variation and the corresponding LVEF
a tracking approach is theoretically independent from Mliscrepancies calculated between both gated SPECT acqui-
perfusion defects because the defects are present througlsitians. Second, even if we observed a significant increase
the cardiac cycle. In contrast, the segmentation meth6t7%) in heart rate from 20 min to 4 h, most of the patients
could be influenced by the size and severity of Ml defectshowed heart rate variatioss20 bpm. Subsequently, heart
However, we noticed that both QGS and MTK results wer@te has little expected effect on the ventricular-volume—
equally unaffected by these variables. In fact, some couititde curve; the effect involves only the slow diastolic seg-
generally persist in the most depleted areas, as long asment, whereas the stroke volume remains essentially un-
thresholding occursi@). These counts are not necessarilghanged.
apparent to the naked eye but may contribute to the acgy dy Limitations

racy of myocardial delineatiori.g) (Fig. 1). Only indirect comparison between QGS and MTK ejec-

Precision of Gated SPECT Measurements Between 20  tion fractions was performed in this study. Direct compar-
Minutes and 4 Hours ison would have required the homogenization of reconstruc
LVEF values obtained with MTK at 4 h were signifi-tion parameters (filter, zoom) between both 3D algorithms.
cantly lower than those obtained at 20 min, in contrast 1§ fact, we wanted to validate this new method versus
QGS measurements, which appeared to be slightly mde&NA. The choice qf this gold standard may raise contro-
accurate at 4 h than at 20 min (highest correlation factafersy when evaluating a new 3D techniquer). Planar
lowest SEE; Table 1). Several reasons may explain tR&NA is by definition a 2D technique with uncertainty
relative lack of repeatability of the MTK algorithm. regarding the shape of the ventricular cavity and may oc-
First, we observed a significant count 10ss30%) within casionally require manual ROI drawing and operator depeln—
the circular myocardial ROI between early and late acqui€nce (7). However, planar ERNA has largely asserted its
sitions, resulting from radioactive decay and absence '#gh interstudy reproducibility in the pas3g) and contin-

redistribution. In parallel, we observed a significant homog!S to do so today (39). .
enization of pixel intensities within the ROI, as expressed Eight-frame sampling was not compared with 16-frame

by the decrease of pixel SD and 2D gradient. Because F@MPIing in our study, although the comparison would have
ROI included both the myocardium and the ventriculayerified that MTK does not overestimate LVEF values at 20
cavity, those count variations undoubtedly lead to a low&fin in 16-frame sampling. However, we noticed that the
contrast of gated SPECT images with subsequent impajntricular time curves resulting from MTK analysis sys-
ment of the edge detection algorithm. Reduction of tHgMatically appeared smoother than those for QGS, which

accuracy of LVEF measurements by low count density h§8Metimes showed acute angles from one segment to an-
been documented through phantom simulation \RA¢Fc- other (Fig. 1). Furthermore, 16-frame sampling would sub-

sestamibi (31) and has been suggested, but not documengi@tially lengthen the acquisition time and diminish the
with 207T] (32,33). However, in our study, individual LVEF benefit of simultaneous perfusion/function imaging, which

variations between 20 min and 4 h were not correlated with Why 8-frame sampling has become the dominant ap-
changes in count density. We only found a trend of signiprach (40).

icance with the SD and the skewness within the myocardial '/& have observed that reconstruction zoom during MTK
RO, but for both MTK and QGS algorithms. processing rr_1ust be at 2.0_or higher to av0|q syster_natlc
Background activity is another variable that may affed{derestimation of LVEF (Fig. 5). Reconstruction/reorien-
LVEF computation. We found high lung-to-heart ratios iiation is operator dependant at th_|s time; thIS.|ImItatI0n will
our population, as expected from the Mi-related cardig®On be correc_ted by an automatic reorientation module that
failure, even in absence of stress (34). Therefore, epicardisaf:u”ently being developed.
segmentation was probably more difficult in this settin
than it would be with healthy patients. However, lung-to* ONCLUSION
heart ratios significantly decreased at 4 h. This may explainThis study showed that the new MTK method accurately
why QGS measurements were better at 4 h than at 20 nevaluated LVEF from rest™Tl gated SPECT in patients
but not why MTK measurements were lessened. with extended MI, essentially because of the tracking algo-
A last explanation could be the temporal variability ofithm. There is clear clinical relevance for this subset of
ventricular response to hidden physical or mental stregmtients in whom LVEF has a critical value in terms of
Past studies on ambulatory LVEF monitoring (nuclegrognosis. However, we noticed that the accuracy was
stethoscope) have noted that LVEF may increase up ltwer during the 4-h redistribution images, essentially be-
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cause of the significant degradation of uptake intensity and sion in arest-redistribution study and accuracy versus planar angiogthplug!

contrast within the left myocardium. We find it reassuring,

Cardiol. 2001;8:31-39.
Vallejo E, Dione DP, Bruni W, et al. Reproducibility and accuracy of gated

that a method based on the detection of myocardial outlineSspecT for the determination of left ventricular volumes and ejection fraction:
is sensitive to the image quality because it will force the experimental validation using MR Nucl Med. 2000;41:874-882.

users to trust the LVEF values only when imaging cond

tions are optimal.

i

We used MTK and QGS as iS, that iS, with their routiné®. Goris ML, Holtz B, Thirion JP, Similon P. Factors affecting and computation of
default settings. We believe that further studies are needgd

Declerck J, Feldmar J, Goris ML, Betting F. Automatic registration and align-
ment on a template of cardiac stress and rest reoriented SPECT infagés.
Trans Med Imaging. 1997;16:727-737.

myocardial perfusion reference imagékicl Med Commun. 1999;20:627-635.
Thirion JP. Image matching as a diffusion process: an analogy with Maxwell's

to compare the influence of intrinsic parameters of the demonsMed image Anal. 1998;2:243-260.
methods, such as the filtering. Moreover, such studiék Benayoun S, Ayache N. Dense non-rigid motion estimation in sequences of

should probably be performed on healthy patients or phan-

medical images using differential constrairitst J Comput Vision. 1998;26:25—
40.

toms and with®*"Tc-labeled tracers to avoid the bias ob2. Thirion JP, Benayoun S. MyoTrack: a 3D deformation field method to measure
image quality.
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