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Abstract. All previous validation studies of quantitative
gated single-photon emission tomography (QGS) have
examined relatively few patients, and the accuracy of
QGS thus remains uncertain. We performed a meta-anal-
ysis of data from 301 participants in ten studies that
compared QGS using technetium-99m-labelled tracers
with contrast left ventriculography (LVG), and from 112
participants in six studies that compared QGS with mag-
netic resonance imaging (MRI). Linear regression and
Bland-Altman analyses were used to evaluate pooled 
data from individuals across the studies. The correlation
between QGS and LVG for end-diastolic volume (EDV)
(r=0.81, SEE=27 ml), end-systolic volume (ESV)
(r=0.83, SEE=18 ml) and ejection fraction (EF) (r=0.79,
SEE=8.3%) was good, as was that between QGS and
MRI for EDV (r=0.87, SEE=34 ml), ESV (r=0.89,
SEE=27 ml) and EF (r=0.88, SEE=7.2%). However,
Bland-Altman plots indicated that LVG minus QGS dif-
ferences for EDV generated a systematic and random er-
ror of 32±58 ml (mean±2SD), and that MRI minus QGS
generated an error of 13±73 ml. In the subgroup of pa-
tients in whom ECG gating was set at eight intervals,
QGS significantly underestimated EF by 7.6%±17.4%
(mean±2SD) compared with LVG and by 6.3%±14.6%
compared with MRI; no such underestimation was ob-
served in the subgroup in whom ECG gating was set at
16 intervals. We conclude that in patients with ECG gat-
ing set at eight intervals, QGS systematically underesti-
mates LV volumes and EF compared with both LVG and
MRI. Since QGS also shows considerable variations
around the systematic deviations, there remains uncer-
tainty over whether an individual value determined with
QGS approximates the true LV volumes and EF.

Keywords: Quantitative gated SPET – Ventriculography
– Magnetic resonance imaging – Ejection fraction – 
Meta-analysis

Eur J Nucl Med Mol Imaging (2003) 30:851–858
DOI 10.1007/s00259-003-1146-9

Introduction

Electrocardiography (ECG)-gated myocardial perfusion
single-photon emission tomography (SPET) provides
valuable information about left ventricular (LV) func-
tion. Among various analytic programs for ECG-gated
SPET, Cedars-Sinai Quantitative Gated SPECT (QGS)
[1] is now widely distributed.

A recent study has indicated that determination of LV
volumes by QGS has incremental prognostic value over
perfusion information for identifying patients at risk for
cardiac death [2]. Thus, it has become increasingly im-
portant to understand the accuracy and limitations of
QGS in assessing LV volumes and ejection fraction (EF)
in individual patients. However, validation studies of
QGS in assessing LV function have used only reference
methods with limited accuracy [3, 4, 5, 6, 7]. Although
other studies have used more reliable reference methods,
such as contrast left ventriculography (LVG) [8, 9, 10,
11] or magnetic resonance imaging (MRI) [12, 13, 14,
15, 16, 17], all were based on data from relatively few
patients, and uncertainty as to the accuracy of QGS has
remained. We therefore performed a meta-analysis of all
known data comparing QGS with LVG and with MRI.
While such an approach has inherent limitations in terms
of non-uniformity of experimental conditions across in-
dividual studies, it nevertheless offers statistically en-
hanced assessment of the accuracy of QGS.
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Materials and methods

Search method, eligibility and exclusion criteria. We searched for
eligible studies in the MEDLINE database of PubMed (last search
updated August 2002). The search was accomplished by combin-
ing the terms “QGS”, “gated”, “SPECT”, “SPET”, and “LVG”,
“contrast”, “ventriculography” or “MRI”, “magnetic resonance
imaging”.

We collected human studies of LV end-diastolic volume
(EDV), end-systolic volume (ESV) and EF determined by QGS
(using technetium-99m tetrofosmin or sestamibi) and by LVG or
MRI in the same individuals. Data were eligible regardless of sub-
ject characteristics and technical parameters used for QGS, LVG
and MRI.

Meeting abstracts were excluded. We did not include phantom-
only, computer simulation-only or animal studies, or human stud-
ies in which echocardiography or radionuclide ventriculography
was used as the gold standard for QGS. Data for QGS using thalli-
um-201 or iodine-123-labelled tracers were not included. In addi-
tion, we excluded studies confined to specific patient subgroups
that could affect the accuracy of QGS, such as a study of individu-
als with small hearts or immediately after the onset of acute myo-
cardial infarction. We carefully examined the retrieved studies to
exclude duplication or overlap. Duplicated or overlapping data
were factored in only once in the meta-analysis.

Data extraction and synthesis. We extracted from each pertinent
article the characteristics of the study population as well as the
technical characteristics of each imaging procedure.

We recorded the EDV, ESV and EF with each imaging modali-
ty for each study participant. None of the eligible studies directly
indicated numerical data for each individual. Thus, we extracted
the relevant data using a scanner and an image analysis program
(NIH Image, version 1.62), from images of scatter plots shown in
the articles. Finally, we added unpublished data from 25 individu-
als in our validation study of QGS compared with LVG. Since
each pertinent study had evaluated relatively few subjects, the
main analysis examined pooled data from individuals across stud-
ies. Two independent observers who performed all procedures in
duplicate determined the reproducibility of the data extraction.
The coefficient of variation (CV) for the repeated measurements
was calculated by dividing the SD by the mean of the two values.
The root mean square value of these CVs, representing the overall
inter-observer variability, was 0.9%.

Statistical analysis. Data were statistically analysed using a soft-
ware program (StatView for Macintosh, version 5.0). Data are ex-
pressed as means±SD except when otherwise indicated. The 
Kolmogorov-Smirnov test was used to evaluate the normality of
the data distribution. LV volumes and their average values mea-
sured by two imaging modalities were log-transformed to normal-
ise their distribution. Student’s t test, least squares linear regres-
sion and Bland-Altman analyses [18] were used to compare vari-
ables determined by each imaging modality. The statistical power
of the linear regression at α=0.05 was determined using a statistics
program [19]. Deviations of the QGS measurements from those
obtained by LVG and by MRI were compared using the non-
paired t test. A value of P<0.05 was considered significant.

Results

Eligibility of studies and extraction of data

Among the searched articles, 11 comparisons of QGS
with LVG [8, 9, 10, 11, 20, 21, 22, 23, 24, 25, 26] and
six of QGS with MRI [12, 13, 14, 15, 16, 17] were po-
tentially eligible. Of these, two were excluded: one [25]
because it did not evaluate LV volumes, and the other
[26] because it assessed subjects only during the super-
acute phase after the onset of acute myocardial infarc-
tion. Of the remaining publications, one [21] did not
present a scatter graph of EF although LV volume
graphs were shown. We therefore communicated with
the study investigators and obtained EF scatter plots.
One study group had published two reports [10, 22], in
which 9 of 20 subjects in one report were found among
the 22 subjects in the other. We therefore selected the
22 subjects in the earlier report and the 11 additional
non-overlapping subjects in the later report. Another
group similarly had published two reports [13, 14],
from which we selected 20 subjects from the larger
study [13] and three additional non-overlapping sub-
jects among 16 in the smaller study [14]. Since the
number of subjects in the scatter plots differed from
that stated in the text of two studies [12, 17], we in-
cluded only data from the scatter plots. In all, we analy-
sed information from 301 individuals (276 from nine
publications [8, 9, 10, 11, 20, 21, 22, 23, 24] and 25
from our unpublished study) to compare QGS with
LVG, and 112 (from six publications [12, 13, 14, 15,
16, 17]) to compare QGS with MRI.

In two studies [13, 14] from the same group, LV vol-
ume measurements by QGS had been corrected by multi-
plying by a phantom study correction factor. These mea-
surements were reverted to uncorrected values for this
analysis.

Characteristics of the included studies 
and imaging techniques

The disease categories of individuals in six of the ten
studies that compared QGS with LVG were mixed 
(Table 1). All of the participants in comparisons of QGS
with MRI had coronary heart disease. In each study,
57%–91% of the subjects were males, and the age of the
participants ranged mostly from early 50s to late 60s.
The proportion of individuals with prior myocardial in-
farction varied from 8% to 100%. The time interval be-
tween QGS and the gold standard was <1 month in 13 of
the 16 studies. Of all the study participants, 3.4% had
small hearts, defined as <50 ml in EDV measured by any
of the imaging modalities.

Tracer was injected into 91.3% of the study subjects
at rest before QGS (Table 2). Frame numbers per cardiac
cycle varied from eight to 16 (LVG subgroup, 11.2±3.5
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Table 1. Characteristics of included studies

Study Reference Disease Number Males Age Prior MI Interval Study Reference 
number method category of subjects (%) (years; mean) (%) (days) investigators no.

1 LVG Mixed 21 76 61 76 <14 Yoshioka et al. [8]
2 LVG CAD 49 76 62 63 <90 Toba et al. [9]
3 LVG Mixed 20 (11) 80 63 65 ND Ban et al. [10]
4 LVG CAD 36 81 62 78 <7 Nanasato et al. [11]
5 LVG CAD 30 ND ND ND <3 Takahashi et al. [20]
6 LVG ND 38 71 65 ND <14 Tajima et al. [21]
7 LVG Mixed 22 91 57 ND <7 Ban et al. [22]
8 LVG Mixed 29 57 53 41 <31 Shimotsu et al. [23]
9 LVG Mixed 40 78 60 23 <20 Higuchi et al. [24]

10 LVG Mixed 25 64 21 8 <7 Kondo et al. Unpublished
11 MRI CAD 25 (17) 72 64 100 <2 Vaduganathan et al. [12]
12 MRI CAD 20 75 65 65 <7 Tadamura et al. [13]
13 MRI CAD 16 (3) 81 66 88 <1 Tadamura et al. [14]
14 MRI CAD 22 86 67 96 <27 Bax et al. [15]
15 MRI CAD 30 83 62 49 <2 Faber et al. [16]
16 MRI CAD 21 (20) 67 58 62 <42 Bavelaar-Croon et al. [17]

Table 2. Characteristics of imaging techniques

Study Reference Quantitative gated SPET LVG MRI
number method

99mTc Dose Acqui- Frames/ Butterworth filter Projection Volume Se- Volume 
tracer (MBq) sition RR calcula- quence calcula-

Order Critical frequency tion tion

(cycles/ (cycles/
pixel) cm)

1 LVG Tetrofosmin 740 Rest 10 8 0.28 Single plane Area length
2 LVG Tetrofosmin 740 Rest 8 4 0.2 Single plane Area length
3 LVG Tetrofosmin 740 Rest 16 ND ND Biplane ND
4 LVG Tetrofosmin 550–740 Rest 8 10 0.45 Single plane Area length
5 LVG Tetrofosmin 740 Rest 8 15 0.34 ND ND
6 LVG Tetrofosmin 740 Rest 16 5 0.39 Biplane Dodge
7 LVG T etrofosmin 740 Rest 16 ND ND ND ND
8 LVG Sestamibi 600 Rest 8 ND ND Biplane Simpson
9 LVG Sestamibi 740 Rest 12 ND 0.41 Biplane Simpson

10 LVG Tetrofosmin 400–740 Rest 16 8 0.26 Biplane Area length
11 MRI Tetrofosmin 925–1110 Rest 8 5 0.18 GRE Simpson
12 MRI Sestamibi 600 Rest 8 5 0.45 GRE Simpson
13 MRI Sestamibi 600 Rest 8 5 0.45 GRE Simpson
14 MRI Tetrofosmin 250 Rest 16 9 0.28 GRE Simpson
15 MRI Sestamibi 814 Stress 8 2.5 0.52 GRE Simpson
16 MRI Tetrofosmin 500 Rest 16 9 0.32 GRE Simpson

Tetrofosmin 750 Stress 16 9 0.26 GRE Simpson

GRE, Gradient echo; LVG, left ventriculography; MRI, magnetic resonance imaging; ND, no data; SPET, single-photon emission 
tomography

Numbers in parentheses indicate the number of subjects without
overlapping or the number shown in scatter plots, and thus finally
included in the analysis

CAD, Coronary artery disease; LVG, left ventriculography; MI,
myocardial infarction; MRI, magnetic resonance imaging; ND, no
data



frames; MRI subgroup, 11.0±3.9 frames; P=NS). In all
studies the acquisition matrix was 64×64 pixels. Critical
frequencies of the Butterworth filter ranged from 0.18 to
0.45 cycles/pixel or from 0.34 to 0.52 cycles/cm. Vol-
umes were calculated from LVG using the area length
method or Simpson’s method applied to single- or bi-
plane projection images. Simpson’s formula was applied
to contiguous multi-slice images acquired with a gradi-

ent-echo pulse sequence for MRI measurements in all six
studies.

Comparison of QGS with LVG

The overall correlation was good between QGS and LVG
measurements for EDV (r=0.81, SEE=27 ml, P<0.0001),
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Fig. 1. Correlation between LVG and QGS measurements of EDV,
ESV and EF. EDV and ESV are log-transformed.

Fig. 2. Bland-Altman plots of EDV, ESV and EF measured by
LVG and QGS. Averages of LVG and QGS measurements of EDV
and ESV are log-transformed. The magnitude of differences be-
tween LVG and QGS for EDV is weakly but significantly correlat-
ed with heart size
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ESV (r=0.83, SEE=18 ml, P<0.0001) and EF (r=0.79,
SEE=8.3%, P<0.0001) from the 301 subjects across all
ten studies (Fig. 1). However, compared with LVG mea-
surements, the QGS measurements systematically under-
estimated EDV (LVG, 141±58 ml; QGS, 110±56 ml;
P<0.0001), ESV (LVG, 66±43 ml; QGS, 58±42 ml;
P<0.0001) and EF (LVG, 55.5%±14.3%; QGS,
51.0%±13.6%; P<0.0001). Bland-Altman plots showed
that the deviations (mean±2SD) of QGS and LVG mea-
surements of EDV, ESV and EF were 32±58 ml,
8±37 ml and 4.4%±18.0%, respectively (Fig. 2). The
magnitude of the underestimation of EDV by QGS com-
pared with LVG weakly but significantly correlated with
heart size (r=0.12, P=0.03, statistical power=0.59)
(Fig. 2).

We compared EF between LVG and QGS separately
in a subgroup according to the number of ECG gating
frames. In a subgroup gated at 16 frames (n=96), the
EF did not significantly differ between LVG and QGS
(LVG, 51.8%±14.0%; QGS, 53.1%±14.3%, P=NS).
The subgroup gated at eight frames (n=144) showed a
significant difference of 7.6%±17.4% (mean±2SD,
P<0.0001).

Comparison of QGS with MRI

The correlation between QGS and MRI measurements
for EDV (r=0.87, SEE=34 ml, P<0.0001), ESV (r=0.89,
SEE=27 ml, P<0.0001) and EF (r=0.88, SEE=7.2%,
P<0.0001) from 112 subjects across six studies was good
(Fig. 3). Compared with MRI measurements, the QGS
measurements systematically underestimated EDV
(MRI, 157±81 ml; QGS, 144±76 ml; P=0.0001) and EF
(MRI, 47.8%±15.7%; QGS, 43.5%±14.9%; P<0.0001),
but not ESV (MRI, 93±72 ml; QGS, 92±68 ml, P=NS).
Bland-Altman plots showed that the deviations
(mean±2SD) of QGS and MRI measurements of EDV,
ESV and EF were 13±73 ml, 1±58 ml and 4.3%±15.4%,
respectively (Fig. 4). The magnitude of the underestima-
tion of EDV and ESV by QGS compared with MRI did
not correlate with heart size.

In a subgroup gated at 16 frames (n=42), the EF did
not significantly differ between MRI and QGS measure-
ments (MRI, 36.6%±14.8%; QGS, 35.6%±15.5%,
P=NS). A subgroup gated at eight frames (n=70) showed
a significant difference in EF of 6.3%±14.6%
(mean±2SD, P<0.0001).

Comparison of the discrepancies between LVG 
and QGS and between MRI and QGS

The QGS measurements of LV volumes differed signifi-
cantly between the LVG and MRI study subgroups. Nev-
ertheless, we compared the degree of QGS underestima-
tion against LVG with that against MRI, since the mag-

nitude of the underestimation against MRI measurements
did not correlate with heart size. We found a greater 
difference in the former than in the latter with respect 
to EDV measurements [LVG minus QGS, 32±2 ml
(mean±standard error); MRI minus QGS, 13±4 ml;
P<0.0001] and ESV measurements (LVG minus QGS,
8±1 ml; MRI minus QGS, 1±3 ml; P=0.003), but not EF
(LVG minus QGS, 4.4%±0.5%; MRI minus QGS,
4.3%±0.7%; P=NS).

Fig. 3. Correlation between MRI and QGS measurements of EDV,
ESV and EF. EDV and ESV are log-transformed



Discussion

The major finding of this meta-analysis was that QGS
systematically underestimated LV volumes, the underes-
timation being more pronounced in comparison with
LVG than with MRI. EF was underestimated by an aver-
age of 6–8% only in the subgroup of patients in whom
ECG gating was set at eight intervals (i.e. it was not un-

derestimated in those with ECG gating set at 16 inter-
vals). The mechanism underlying the difference between
the 8- and 16-interval measurements of QGS EF is relat-
ed to the smoothing of the LV time-volume curve [1].
The value of the underestimation associated with eight-
interval gating was somewhat larger than that previously
reported (3.7%) [1].

The potential mechanisms underlying the underesti-
mation of LV volumes may be multifactorial. One poten-
tial factor might be related to the accuracy of LVG. Pre-
vious studies of MRI have indicated that EDV measure-
ments by LVG are significantly larger than those by MRI
[27, 28]. The reported differences between LVG and
MRI in measuring EDV (LVG minus MRI) were
31±33 ml [27] or 21±23 ml [28] using short axis MRI, or
18±30 ml [27] using long axis MRI, which are similar to
the mean difference of 19 ml between LVG and MRI as
shown in the present study. An experimental study of the
isolated porcine heart indicated that LV volumetry by
MRI accurately measured true ventricular volumes
(r2=0.99, SEE=1.2 ml, mean difference=2.9%±5.0%)
[29], whereas contrast LVG overestimated true volumes
by an average of 15.9%±10.6% [29]. Other investigators
also showed that LVG overestimated the volume of a hu-
man heart cast [30]. This evidence suggests that underes-
timated LV volumes that have been ascribed to QGS
may, in fact, be largely due to overestimation of true
ventricular volumes by LVG.

There are many technical factors in QGS that influ-
ence LV volumes, including the order and critical fre-
quency of the Butterworth filter [1], selection of a re-
construction filter [31], myocardial count density [20],
extracardiac background activity [32], matrix size for
acquisition [20], zoom factor [33], extent and severity
of perfusion defects [7], heart size [33] and radiophar-
maceuticals [34]. The present study was a meta-analysis
and each factor could not be standardised; however,
each effect seems to have been averaged out across indi-
viduals from the various studies. Nevertheless, one pos-
tulated factor appears to consistently affect volume
measurements by QGS [35]. Since QGS defines endo-
cardial borders as 65% of SD inward from mid-myocar-
dial peaks along radial myocardial count profiles [1],
myocardial blurring due to degraded system resolution
may induce inward misregistration of endocardial bor-
ders. With respect to the QGS algorithm, the same per-
centage value of the SD as determined from a phantom
validation study has been applied to human studies [1].
Since the distance at which human hearts are imaged is
farther than the distance at which phantoms are imaged,
the system resolution of SPET in clinical studies is low-
er than that in phantom experiments. Indeed, one study
has demonstrated that a phantom volume correctly mea-
sured by QGS at the nearest position of the detector
(132 mm) was underestimated by 7% at the distance re-
quired for clinical cardiac studies (220–250 mm) [35].
This is quite similar to the magnitude of underestima-
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Fig. 4. Bland-Altman plots of EDV, ESV and EF measured by
MRI and QGS. Averages of MRI and QGS measurements of EDV
and ESV are log-transformed



tion of EDV (8%) in comparison with MRI in the pres-
ent study.

This study showed relatively good correlation coeffi-
cients between QGS and both reference methods in mea-
suring LV volumes and EF. However, correlation coeffi-
cients are largely dependent on the range of parameters
under investigation, and do not provide estimations of
the accuracy of prediction by the methods to be evaluat-
ed [18]. More meaningful are the confidence intervals of
the difference plots of two methods [18]. The results of
the Bland-Altman analysis indicated considerable inter-
vals of the differences, in the order of 100 ml for EDV
and 30% for EF. Mechanisms for the variability around
the systematic deviations may also be multifactorial and
related to QGS as well as reference methods. One study
of LVG measurements indicated that variability between
two separate examinations for the same patient (inter-
study variability) is fairly large (112 ml for EDV and
36% for EF, expressed as the confidence intervals be-
tween ±2SD) [36]. The inter-study variability of MRI for
EDV and EF has been reported as 63 ml and 20% [37],
and that of QGS (in sequential 99mTc-sestamibi imaging)
as 28 ml and 11%, respectively [34, 38].

Some limitations must be considered when interpret-
ing our results. Firstly, it remains open whether the values
obtained with the reference methods (in particular with
LVG) are more accurate than those obtained with QGS or
vice versa. This limitation is due to the nature of the
study, in which experimental conditions were not uniform
and the accuracy of each measurement was dependent on
the original investigations. To clarify the true accuracy of
QGS, prospective studies may be helpful in which QGS
and MRI are examined almost simultaneously, thereby
precluding any marked changes in the physiological state
of the studied subjects. Secondly, our results are only
based on data obtained with 99mTc-labelled tracers and
may not be applicable to other tracers. Indeed, our pre-
liminary study of QGS with 201Tl indicated that it under-
estimates LV volumes more extensively than QGS with
99mTc, which is consistent with a previous report [34].

We conclude that QGS systematically underestimates
LV volumes and EF (in patients gated with eight inter-
vals) compared with LVG and MRI. Since it also shows
considerable variations around the systematic deviations,
there remains uncertainty over whether an individual
value determined with QGS approximates the true LV
volumes and EF.

References

1. Germano G, Kiat H, Kavanagh PB, et al. Automatic quantifi-
cation of ejection fraction from gated myocardial perfusion
SPECT. J Nucl Med 1995; 36:2138–2147.

2. Sharir T, Germano G, Kavanagh PB, et al. Incremental prog-
nostic value of post-stress left ventricular ejection fraction and
volume by gated myocardial perfusion single photon emission
computed tomography. Circulation 1999; 100:1035–1042.

3. Cwajg E, Cwajg J, He Z, et al. Gated myocardial perfusion to-
mography for the assessment of left ventricular function and
volumes: comparison with echocardiography. J Nucl Med
1999; 40:1857–1865.

4. Vourvouri EC, Poldermans D, Bax JJ, et al. Evaluation of left
ventricular function and volumes in patients with ischaemic
cardiomyopathy: gated single-photon emission computed to-
mography versus two-dimensional echocardiography. Eur J
Nucl Med 2001; 28:1610–1615.

5. Nichols K, Leflowitz D, Faber T, et al. Echocardiographic val-
idation of gated SPECT ventricular function measurements.
J Nucl Med 2000; 41:1308–1314.

6. Iskandrian A, Germano G, VanDecker W, et al. Validation of
left ventricular volume measurements by gated SPECT 99mTc-
labeled sestamibi imaging. J Nucl Cardiol 1998; 5:574–578.

7. Manrique A, Faraggi M, Vera P, et al. 201Tl and 99mTc gated
SPECT in patients with large perfusion defects and left ven-
tricular dysfunction: comparison with equilibrium radionu-
clide angiography. J Nucl Med 1999; 40:805–809.

8. Yoshioka J, Hasegawa S, Yamaguchi H, et al. Left ventricular
volumes and ejection fraction calculated from quantitative elec-
trocardiographic-gated 99mTc-tetrofosmin myocardial SPECT.
J Nucl Med 1999; 40:1693–1698.

9. Toba M, Kumita S, Cho K, et al. Comparison of Emory and
Cedars-Sinai methods for assessment of left ventricular func-
tion from gated myocardial perfusion SPECT in patients with
a small heart. Ann Nucl Med 2000; 14:421–426.

10. Ban K, Nakajima T, Iseki H, Abe S, Handa S, Suzuki Y. Eval-
uation of global and regional left ventricular function obtained
by quantitative gated SPECT using 99mTc-tetrofosmin for left
ventricular dysfunction. Intern Med 2000; 39:612–617.

11. Nanasato M, Ando A, Isobe S, et al. Evaluation of left ventric-
ular function using electrocardiographically gated myocardial
SPECT with 123I-labeled fatty acid analog. J Nucl Med 2001;
42:1747–1756.

12. Vaduganathan P, He Z, Vick GW III, Mahmarian JJ, Verani
MS. Evaluation of left ventricular wall motion, volumes, and
ejection fraction by gated myocardial tomography with tech-
netium 99m-labeled tetrofosmin: a comparison with cine mag-
netic resonance imaging. J Nucl Cardiol 1998; 6:3–10.

13. Tadamura E, Kudoh T, Motooka M, et al. Assessment of re-
gional and global left ventricular function by reinjection 
Tl-201 and rest Tc-99m sestamibi ECG-gated SPECT. J Am
Coll Cardiol 1999; 33:991–997.

14. Tadamura E, Kudoh T, Motooka M, et al. Use of technetium-
99m sestamibi ECG-gated single-photon emission tomography
for the evaluation of left ventricular function following coro-
nary artery bypass graft: comparison with three-dimensional
magnetic resonance imaging. Eur J Nucl Med 1999; 26:705–
712.

15. Bax JJ, Lamb H, Dibbets P, et al. Comparison of gated single-
photon emission computed tomography with magnetic reso-
nance imaging for evaluation of left ventricular function in
ischemic cardiomyopathy. Am J Cardiol 2000; 86:1299–1305.

16. Faber TL, Vansant JP, Pettigrew RI, et al. Evaluation of left
ventricular endocardial volumes and ejection fractions com-
puted from gated perfusion SPECT with magnetic resonance
imaging: comparison of two methods. J Nucl Cardiol 2001;
8:645–651.

17. Bavelaar-Croon CDL, Kayser HWM, van der Wall EE, et al.
Left ventricular function: correlation of quantitative gated
SPECT and MR imaging over a wide range of values. Radiol-
ogy 2000; 217:572–575.

857

European Journal of Nuclear Medicine and Molecular Imaging Vol. 30, No. 6, June 2003



18. Bland JM, Altman DG. Statistical methods for assessing
agreement between two methods of clinical measurements.
Lancet 1986; 8:307–310.

19. Dupont WD, Plummer WD. Power and sample size calcula-
tions for studies involving linear regression. Controlled Clin
Trials 1998; 19:589–601.

20. Takahashi Y, Abe M, Matsui R. Collection conditions of ECG-
gated myocardial SPECT. Kaku Igaku 1999; 36:865–871.

21. Tajima O, Shibasaki M, Hoshi T, Imai K. A newly developed
maneuver, Field Change Conversion (FCC), improved evalua-
tion of the left ventricular volume more accurately on quanti-
tative gated SPECT (QGS) analysis. Kaku Igaku 2002; 39:
143–148.

22. Ban K, Nakajima T, Aoki N, Abe S, Handa S, Suzuki Y. As-
sessment of global and regional LV function obtained by quan-
titative gated SPECT using 99mTc-tetrofosmin: comparison
with left ventricular cineangiography and echocardiography.
Kaku Igaku 1998; 35:881–885.

23. Shimotsu Y, Ishida Y, Murakawa K, et al. Evaluation of the
automatic quantification of left ventricular function using
ECG gated 99mTc-MIBI myocardial SPECT. Kaku Igaku 1997;
34:1093–1099.

24. Higuchi T, Taki J, Nakajima K, Horii J, Yamada M, Tonami N.
Assessment of ECG-gated myocardial SPECT analysis pro-
gram with cardiac phantom and clinical data. Kaku Igaku
1999; 36:357–368.

25. Atsma DE, Bavelaar-Croon CDL, Germano G, et al. Good
correlation between gated single photon emission computed
myocardial tomography and contrast ventriculography in the
assessment of global and regional left ventricular function. Int
J Card Imaging 2000; 16:447–453.

26. Abe M, Kazatani Y, Fukuda H, Tatsuno H, Habara H, Shinbata
H. Left ventricular volumes, ejection fraction, and regional
wall motion calculated with gated technetium-99m tetrofosmin
SPECT in reperfused acute myocardial infarction at super-
acute phase: comparison with left ventriculography. J Nucl
Cardiol 2000; 7:569–574.

27. Cranney GB, Lotan CS, Dean L, Baxley W, Bouchard A, 
Pohost GM. Left ventricular volume measurement using cardi-
ac axis nuclear magnetic resonance imaging. Circulation
1990; 82:154–163.

28. Hundley WG, Meshack BM, Willett DL, et al. Comparison on
quantitation of left ventricular volume, ejection fraction, and

cardiac output in patients with atrial fibrillation by cine mag-
netic resonance imaging versus invasive measurements. Am J
Cardiol 1996; 78:1119–1123.

29. Heusch A, Koch JA, Krogmann ON, Korbmacher B, 
Bourgeois M. Volumetric analysis of the right and left ventri-
cle in a porcine heart model: comparison of three-dimensional
echocardiography, magnetic resonance imaging and angiocar-
diography. Eur J Ultrasound 1999; 9:245–255.

30. Lange PE, Onnasch D, Farr FL, Malrezyk V, Heintzen PH.
Analysis of left and right ventricular size and shape, as deter-
mined from human casts: description of the method and its
validation. Eur J Cardiol 1978; 8:431–448.

31. Wright GA, McDade M, Martin W, Hutton I. Quantitative gat-
ed SPECT: the effect of reconstruction filter on calculated left
ventricular ejection fractions and volumes. Phys Med Biol
2002; 47:N99–N105.

32. Vallejo E, Dione DP, Bruni WL, et al. Reproducibility and ac-
curacy of gated SPECT for determination of left ventricular
volumes and ejection fraction: experimental validation using
MRI. J Nucl Med 2000; 41:874–882.

33. Nakajima K, Taki J, Higuchi T, et al. Gated SPET quantifica-
tion of small hearts: mathematical simulation and clinical ap-
plication. Eur J Nucl Med 2000; 27:1372–1379.

34. Lee DS, Ahn JY, Oh BH, Seo JD, Chung J, Lee MC. Limited
performance of quantitative assessment of myocardial function
by thallium-201 gated myocardial single-photon emission to-
mography. Eur J Nucl Med 2000; 27:185–191.

35. Takayama T, Motomura N. The compensation method for the
effects of system resolution to the left ventricular volume mea-
surements using QGS program. Kaku Igaku 1998; 35:721–
726.

36. Cohn PF, Levine JA, Bergeron GA, Gorlin R. Reproducibili-
ty of the angiographic left ventricular ejection fraction in pa-
tients with coronary artery disease. Am Heart J 1974; 88:
713–720.

37. Pattynama PMT, Lamb HJ, van der Velde EA, van der Geest
RJ, van der Wall EE, de Roos A. Reproducibility of MRI-de-
rived measurements of right ventricular volumes and myocar-
dial mass. Magn Reson Imaging 1995; 13:53–63.

38. Hyun IY, Kwan J, Park KS, Lee WH. Reproducibility of 
Tl-201 and Tc-99m sestamibi gated myocardial perfusion
SPECT measurement of myocardial function. J Nucl Cardiol
2001; 8:182–187.

858

European Journal of Nuclear Medicine and Molecular Imaging Vol. 30, No. 6, June 2003


