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SUMMARY

Objective: We aimed to investigate patient-related factors that might lead to calculation bias in the
ejection fraction (EF), obtained by Myocardial Perfusion Scintigraphy (MPS). In this respect,
relationships between EF and some biological and morphological parameters such as gender, left
ventricular (LV) volumes, LV areas, beat per minute (BPM) were evaluated in 2 groups of patients
(EF normal, above normal).

Method: Patients with hypertension, diabetes, CAD, MI, cardiomyopathy, heart failure, left
bundle branch block, electrocardiogram (ECG) signs or suspicion of MI were excluded. 87
patients (37 male, 50 female, mean of age: 59 + 12; 57 + 11 years) who have visually and
quantitatively normal MPS were included to the study. One day stress Tc99m-MIBI gated SPECT
protocol was performed. A commercial software (QGS) was used for calculations. Patients were
divided into two groups according to the average EF: 72.5 + 10%; Group 1: EF>72% and Group 2:
EF 50-72%.

Results: Statistically significant correlation (p=<0.001) was noted between EF and end-systolic
volume (ESV) (r=-0.89), end-diastolic volume (EDV) (r=-0.75), maximum LV area (LVA
max)(r=-0.79) and minimum LV area (LVAmin) (r=0.90) both in two groups; while there was
significant a weak correlation with BPM (p<0.03). The ESV was <20 mL in all patients in Group
1. Therefore, patients in Group 2 were divided into two sub-groups, such that Group2a consisted
of patients with ESV<20 mL and Group2b with ESV>20 mL. While significant correlation was
observed between EF with ESV, EDV, LVAmax and LVAmin. values in 29 patients of Group 2b
(p<0.001), there was no correlation in 18 patients of Group 2a (p>0.01).

Conclusion: Although, it is known that EF is overestimated in patients with ESV<20 mL, EF
values were within normal range, in a group of patients with ESV<20 mL in our study. Therefore,
we believe that EF values have some non-systematic bias, probably resulting from the calculation
technique and partial volume effect that there is a need for correction parameters to improve the
accuracy of the quantitative evaluation in MPS.
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INTRODUCTION

In myocardial perfusion imaging, gated
SPECT data acquisition with the option of
calculating end-diastolic volumes (EDV),
end-systolic volumes (ESV) and left ven-
tricular ejection fraction (EF) has been
established and validated'. Electrocardio-
graphically gated SPECT allows myocar-
dial perfusion imaging (MPS) with simul-
taneous analysis of regional wall motion
and thickening, calculation of global func-
tion from ESV, EDV and EF?. A number
of different software programs for deter-
mining left ventricular volumes by MPS
have been developed. QGS (quantitative
gated SPECT), Emory Cardiac Toolbox,
Myo Metrix, Exini Heart and CARE Heart
are some of them in which the
quantification algorithms have been vali-
dated by cardiac MRI, employ varying
algorithmic approaches to quantify LV
volumes® *°. EDV, ESV, and EF are pow-
erful and reliable predictors of long-term
prognosis® . They are prognostic parame-
ters and have therapeutic relevance for
different cardiac diseases® °. A number of
studies since the 1990s have dealt with
quantification of SPECT and functional
parameters such as EF, EDV and ESV
correlate well with those from left ventric-
ulography, gated blood-pool studies and
magnetic resonance imaging (MRI)™.
However, it is well known that in a small
LV volume the ESV is underestimated and
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EF is overestimated, and the errors are
greater in women perhaps because of par-
tial volume effect’.

In our clinic, we also observed that some
patients have higher EF rates than ex-
pected. On the other hand, EF values were
in the normal range in some other patients
with small ventricule volumes. Therefore,
apart from a small LV volume of partial
volume effect, we hypothesized that some
biological and morphological parameters
might lead to calculation bias in the EF,
obtained by MPS. Thus, in the present
study we aimed to evaluate the relationship
between age, gender, BPM, EDV, ESV,
area of LV with EF rates in patients either
with normal or higher EF rates.

MATERIAL AND METHODS

Study population

A total of 87 patients were retrospectively
included from consecutive series of pa-
tients, examined between December 2014
and January 2015 referred to our clinic for
MPS for suspected coronary artery disease
(CAD). All patients were instructed to
avoid caffeine-containing products for at
least 24h before the test, to stop calcium
antagonists and B-blockers before 48h,
nitrate preparations were withheld on the
day of the MPS study. Two experienced
physicians interpreted all examination
results. The interpretations were done at
the time of clinical reporting; clinical in-
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formation and the results of the stress test
were available to the physicians. Patients
were included in the study group if they
had no abnormality in stress perfusion
imaging. Patients with hypertension, diabe-
tes, CAD, MlI, cardiomyopathy, heart fail-
ure, left bundle branch block, electrocardi-
ogram (ECG) signs or suspicion of MI
were excluded.

Gated SPECT imaging

All patients underwent stress 9mTc-MIBI
gated SPECT using one day protocol. Af-
ter 4-6h of fasting the patient underwent
either a physiological stress (Bruce proto-
col) or a pharmacological stress test (oral
dipyridamole).

At peak exercise, a bolus of 370MBq of 99
mTc-MIBI was intravenously injected. In
the pharmacological stress test; 45 minutes
after the 300 mg dpyridamole was admin-
istered orally, 370 MBq of 99 mTc-MIBI
was intravenously injected. 30 minutes
after 99 mTc-MIBI was injected; Gated
SPECT was performed in the prone posi-
tion using a dual-head gamma camera in
the 90° setting (Dual-Head Variable-Angle
ECAM; Siemens) equipped with high-
resolution, low-energy collimators. The
two heads were placed in an L-shaped
configuration. Thirty two views over a
180° arc were obtained from the 45° right
anterior oblique to the 45° left posterior
oblique. Images were acquired for 25 sec
per view with a zoom factor of 1.45 and
gated at 8 frames per cardiac cycle using
an R-wave trigger. The images were stored
in 64x64 matrix in the computer. The re-
construction of gated data was done using
filtered back-projection with a Butterworth
filter (cut-off 0.4; power 5.0). No attenua-
tion or scatter correction was used. After
filtered back-projection, short-axis, verti-
cal, and horizontal long-axis tomograms
were generated. A commercially available
software program QGS (Cedars-Sinai
Medical Center, LosAngeles,CA,USA;
2009) was used to automatically calculate
EF, EDV, ESV, BPM, LV area minimum
and LV area maximum. Left ventricular
ejection fraction was calculated as EDV-
ESV/EDVx100. In the present study, pa-
tients were further divided into two groups;
first group with EF >72% and second
group with EF: 50-72%. Therefore, pa-

CM]J

252

tients in Group 2 were divided into two
sub-groups, such that Group 2a consisted
of patients with ESV<20 mL and Group 2b
with ESV>20 mL.

Statistical analysis

SPSS (version 20) was used for statistical
calculations. All of the data were ex-
pressed in mean +SD. Pearson’s correla-
tion analysis was used to test associations
between variables. Unpaired Student’s t
test was used to test differences between
groups, where appropriate. A p<0.05 was
accepted as significant.

RESULTS

The 99 mTc-MIBI gated SPECT findings
were within normal limits in all of 87 pa-
tients (37 male; mean age: 59 + 12years;
50 female; mean age: 57 + 11lyears).

The distribution of EF values in male and
female patients showed differences; mean
of EF was 725 + 10% in all patients
(n=87), mean of EF in female patients
(n=50) was higher than male patients
(n=37) (76.4 £ 4.7%vs67.2 + 9.9%). No
significant correlation was found between
EF and age in male (r=0.21; p>0.12), also
in female patients (r=0.25, p>0.14). There
was a good correlation between the EF
values and ESV (r=-0.89; p<0.001), EDV
(r=-0.75; p<0.001), LV area max. (r=-0.79;
p<0.001) and LV area min. (r=0.90;
p<0.001), as expected. There was a weak
correlation between BPM and EF (r=0.24;
p<0.03). The mean of EF, BPM, ESV,
EDV, LV area max. and LV area min.
were shown in Table 1.

In our study, in accordance with the mean
of EF being 72.5 £ 10%, patients were
divided into two groups, those who had
higher EF than normal were named as
Groupl (EF>72%); those who had normal
EF were named as Group2 (EF: 50-72%)
(Figurel).

The mean of EF, BPM, ESV, EDV, LV
area max. and LV area min. of all groups
were shown in Table2.

31 (77%) of 40 patients were women, 9
(23%) were men in Groupl. While a sig-
nificant correlation was detected in values
of EF and ESV(r=-0.93; p<0.001),
EDV/(r=-0.76; p<0.001), LV area max. (r=-
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0.75; p<0.001) and LV area min. (r=0.88;
p<0.001) between women and men; there
was no significant correlation between
BPM and EF (r=0.21; p<0.2). The correla-
tion between the values of EF, BPM, ESV,
EDV, LV area max and LV area min. in all

Table 1: Functional parameters in the study
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groups were shown in Table 3. In Group 1,
ESV values were found to be smaller than
20 mL in both women and men patients.
Besides, EDV of all patients was below 70
mL except one patient.

patients obtained from QGS software (Mean +

SD). Note that ESV was calculated as if zero mL. in some patients.

Variables All patients (n:87)  Male (n:37) Female (n:50) P value
EF (%) 72.54¢10.0 (51-100)  67.249.9 (51-100) 76.4+4.7 (51-99) <0.001
EDV (mL) 55.8+15.0 (26-108)  62.0+17.6 (26-108)  50.0+10 (32-74) <0.001
ESV (mL) 16.7+10.1 (0-49) 21.8+10.8 (0-49) 12.9+7.6 (0-34) <0.001

BPM (beat/min) | 81.2+£12.7 (55-111)  79.9+13.4 (55-111) 82.1+12.3 (54-110) <0.5
LVareamin (cm?) |62.9+15.0 (20-102)  69.7+16.2 (20-102)  57.8+11.8 (28-85) <0.001
LVareamax (cm?) |93.0+14.2 (57-138) 98.9+16.2 (57-138)  88.6+10.6 (66-110) <0.001
EF: left ventricular ejection fraction. EDV: end-diastolic volume ESV: end-systolic volume BPM: Beats per
minute. LVarea min: minimum left ventricular area. LVarea max: maximum left ventricular area
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Figure 1. Comparison of end systolic volume distributions in the study groups; Group 1

(EF>72%) vs. Group 2 (EF: 50-72%)
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Table 2: Distribution of the studied parameters according to patient groups.
Variables | Group I (EF%72) Group Il (EF%50-72)

(no=40) Group 2a (n=18) Group 2b (n=29)
EF (%) 81.7+73 69.3 +£3.1 61.6+5.1
EDV (mL) 469+9.7 533+£5.1 70.3 £15.1
ESV(mL) 92+438 15.1+3.4 282+7.7
BPM 83.2+134 833+£11 76.3 £11.5
LVareamin |51.9+10.3 62.6£6.9 79.2£9.1
LVarea max | 83.9 +£10.0 79.2+9.2 70.3 £15.0

EF: left ventricular ejection fraction. EDV: end-diastolic volume ESV: end-
systolic volume BPM: Beats per minute. LVVarea min: left ventricular area mini-
mum cm? LVarea max: left ventricular area maximum cm?.

Table 3: Correlation between the EF values and ESV, EDV, BPM, LV area max., LV area
min. values in patient groups.

ESVmL EDVmL BPM LV areamax. LV areamin.

r r r r r
Group 1 -0.93 -0.76 0.21 -0.75 -0.88
(n:40) EF% | (p<0.001) (p<0.001) (p<0.2) (p<0.001) (p<0.001)
Group 2 0.79 -0.58 0.20 -0.61 -0.76
(n:47) EF% | (p<0.001) (p<0.001) (p<0.2) (p<0.001) (p<0.001)
Group 2a -0.46 0.45 0.07 0.26 -0.28
(n:18) EF% | (p<0.05) (p<0.05) (p<0.8) (p<0.3) (p<0.03)
Group 2b -0.67 -0.47 -0.04 -0.51 -0.64

(n:29) EF% | (p<0.001) (p<0.001) (p<0.9) (p<0.001) (p<0.001)
EF: left ventricular ejection fraction. EDV: end-diastolic volume. ESV: end-
systolic volume. BPM: Beats per minute. LVarea min: left ventricular area
minimum cm?. LVarea max: left ventricular area maximum cm?
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Figure 2: Comparison of EF% values in the study groups; Group 2a: ESV<20 mL, Group
2b: ESV>20 mL.
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19 (40%) of 47 patients were women, 28
(60%) were men in Group 2. While a sig-
nificant correlation was detected in values
of EF and ESV (r=-0.79; p<0.001), EDV
(r=-0.58; p<0.001), LV area max. (r=-0.61;
p<0.001) and LV area min. (r=-0.76;
p<0.001) between women and men; there
was no significant correlation between
BPM and EF (r= 0.20; p<0.2) (Table 3).

EF values in groupl were detected as over
mean in all patients, Group 2 was divided
into two subgroups according to the ESV
values whether they are below or above 20
mL. Group 2a: ESV<20 mL, Group 2b:
ESV>20 mL (Figure 2).

In Group 2a, 10 (55%) of 18 patients (EF
mean: 69.33 + 3.18%); were women, 8
(45%) were men (EF mean: 68.38 =+
4.17%). The mean of EF, BPM, ESV,
EDV, LV area max. and LV area min.
were shown in Table 2. There was a weak
statistically significant correlation between
the values of EF and ESV, EDV and no
statistically significant correlation between
the values of EF and LV area max., LV
area min. and BPM (Table 3). However,
there was statistically significant correla-
tion between the values LV area max and
EDV; LV area min and ESV in Group 2a
without any gender discrimination
(p<0.001).

In Group 2b, 9 (31%) of 29 patients (EF
mean: 61.66 + 5.06%) were women (EF
mean: 63.78 = 5.40%), 20 (%69) were men
(EF mean: 63.78 + 5.40%). The mean of
EF, BPM, ESV, EDV, LV area max. and
LV area min. were shown in Table 2.
There was statistically significant correla-
tion between the values EF and ESV,
EDV, LV area max. and LV area min.
between women and men. However, there
was no statistically significant correlation
between the values BPM and EF (Table3).
Besides, there was statistically significant
correlation between the values LV area
max and EDV; LV area min and ESV in
Group 2b without any gender discrimina-
tion (p<0.001).

DISCUSSION
Today, ECG-gated 99 mTc-MIBI SPECT
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myocardial perfusion scintigraphy is quite
commonly used method in diagnosing
cardiovascular disease, establishing prog-
nosis, evaluating viability and left ven-
tricular functions with calculation of EF.
Therefore, the accurate determination of
EF and left ventricular function plays an
important role in the follow-up of the dis-
ease® 2. Scintigraphic evaluation of the left
ventricular functions is realized by the help
of ready to use softwares. We calculated
EF values with the QGS program which is
one of the most widely used ones in our
country and that we have been using it in
our clinic for couple of months. Indeed, all
programs use similar automated algo-
rithms. For example, first step is to approx-
imate the location of the LV in the image.
And, the endocardial and epicardial surfac-
es are defined on each side of this center-
line. The program draws an ellipsiod to
these groups of voxel and uses asymmetric
Gaussian curves defining endocardial and
epicardial surfaces. So EF, EDV, ESV are
calculated automatically™.

Meanwhile, we observed that some pa-
tients have higher EF rates than expected.
It is well known that in a small LV volume
the ESV is underestimated and EF is over-
estimated, and the errors are greater in
women perhaps because of partial volume
effect. On the other hand, EF values were
in the normal range in some other patients
with small ventricule volumes. Therefore,
apart from a small LV volume of partial
volume effect, we hypothesized that some
biological and morphological parameters
might lead to calculation bias in the EF,
obtained by MPS. We aimed in the present
study to evaluate the relationship between
EF and gender, ESV, EDV, BPM, LV area
max. and LV area min. in 2 groups of
normal patients; as with “normal” and
“above normal EF” values, calculated by
QGS. Our study showed differences in the
distribution of EF values in male and fe-
male patients. The mean of EF value in
female patients was found to be higher, as
expected'!. However, in groupl; 77% of
40patients were women with ESV<20 mL
and EDV<70 mL (except for one patient)
but, there was no significant difference
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between both genders with respect to EF
values.

We observed a weak correlation between
EF values with heart frequency (r=0.24;
p<0.03). Like in the study of Itti et al.*.
Rest/ redistribution 201 Tl gated SPECT
protocol was applied to 75 patients with
MI, EF values were calculated with QGS
and Myo Track program and they could
not find statistically significant correlation
between BPM and EF values, as similar to
our study. Sharir et al.”® studied EF and LV
volumes which have been calculated by the
QGS program in diabetic, hypertension,
revascularized patients. Our study consist-
ed of only patients with normal MPS with
no known risk factor. Our study results
seem quite different as compared to theirs.
Such as EF values were 67% in our study
but 43% in their study and ESV values
were 22% vs 75%. We believe that the
probable reason is that the studied patient
groups were very different. Indeed, no
need to say that the clinical background of
patients creates significant impact on left
ventricular functions. However, it is hard
to explain why were ESV values so small
(even zero) in some patients in our study.

Nakajima et al.'®* compared EF, EDV and
ESV values of patients with small hearts,
using QGS and EXINI programs, with that
of a digital phantom and with the data
analysis results of the Japanese Society of
Nuclear Medicine (JSNM) group, per-
formed in 2007. The main outcome of the
study was that the EF values calculated by
the QGS program were found to be higher
than those calculated by the EXINI pro-
gram. EF values of patients with ESV<20
mL in our study and theirs were found to
be higher than those with ESV>20 mL. In
the study of Nakajima et al.'®, ESV<20 mL
was taken as a threshold for the small
heart-determination. The overestimation of
EF values in patients with ESV<20 mL
may result from the partial volume effect
in small hearts. EF values calculated as
higher than the normal is thought to be as a
result of the perception of the ventricular
volume smaller than the actual volume
(partial volume effect) due to the short
distance between ventricular walls.

Patrik et al.'” also suggested in a smilar
study that EDV value was calculated as
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lower than expected, so as EF value, be-
cause of the intermingling of voxels (par-
tial volume effect) determining the endo-
cardial are during the diastolic and systolic
movement of the heart. In that study, EF
values were found to be higher than nor-
mal in patients with EDV<70 mL who
were thought to have small heart. In our
study, all patients with EF>72% had
EDV<70 mL in Group 1, except one pa-
tient.

Various methods have been proposed to
reduce the effect of small heart in many
studies. For example, increasing zoom
factor or changing filter type or changing
cut-off value in butter worth filter. Howev-
er, the use of these applications in routine
is not practical and it has been reported
that EF values were overestimated in these
studies, as well®,

In the present study, we investigated rela-
tionship between EF and the functional left
ventricular volumes and size in patients
with normal and above normal EF by cor-
relation analysis. It is a well-known princi-
ple the statistics that among the parameters
that are already associated with each other,
using “correlation” analysis is irrelevant.
EF is derived data from EDV and ESV.
Hence, what we were already looking for
was not the relationship between them.
Instead, we were looking for where was
the relationship broken. Surprisingly in our
study, there was a weak significant correla-
tion between EF values and ESV (r=-0.46;
p<0.05), EDV (r=0.45; p<0.05) and no
significant correlation between EF values
LV area max. (r=0.26; p<0.3), LV area
min. (r=-0.28; p<0.3) values of women and
men patients in group 2a, unlike the other
groups. Although, there was a significant
correlation between LV area max. and
EDV; LV area min. and ESV in group 2a,
like the other groups. The most important
point is that although ESV values were
below 20 mL, EF values were calculated as
normal in these patients. EF values might
be actually low in these patients. However,
calculated EF values as if were normal
because they had small heart. Factors that
cause this condition may be the technical
reasons such as unsuitable cardiac ROI,
miscalculation EDV or ESV or the patient-
related factors other than the ischemia,
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such as bowel activity, heart failure, cardi-
omyopathy or cardio toxic chemotherapy.

In conclusion; we believe that EF values
have some non-systematic bias, probably
resulting from the calculation technique
and that there is a need for correction pa-
rameters to improve the accuracy of the
guantitative evaluation in MPS.

REFERENCES

1.

Iskandrian AE, Germano G,
VanDecker W, Ogilby JD, Wolf
N, Mintz R, Berman DS Valida-
tion of left ventricular volume
measurements by gated SPECT
99mTc-labeled sestamibi imaging.
J Nucl Cardiol 1998; 5: 574-8.
Germano G, Kiat H, Kavanagh PB,
Moriel M, Mazzanti M, Su HT,
Van Train KF, Berman DS Auto-
matic quantification of ejection
fraction from gated myocardial
perfusion SPECT. J Nucl Med.
1995; 36: 2138-47.

Ficaro EP, Quaife RA, Kritzman
JN, Corbett JR. Accuracy and re-
producibility of 3D MSPECT for
estimating left ventricular ejection
fraction in patients withsevere per-
fusion abnormalities. Circulation
1999; 100: 126.

Lomsky M, Richter J, Johansson
L, EI-Ali H, Astrom K, Ljungberg
M, Edenbrant L A new automated
method for analysis of gated
SPECT images based on a three-
dimensional heart shaped model.
Clin Physiol Funct Imaging 2005;
25: 234-40.

Schaefer WM, Lipke CS, Standke
D, Kiihl HP, Nowak B, Kaiser HJ,
Koch KC, Buell U Quantification
of left ventricular volumes and
ejection fraction from gated
99MTc-MIBI SPECT: MRI valida-
tion and comparison of the Emory
Cardiac Tool Box with QGS and
4D-MSPECT. J Nucl Med 2005;
46: 1256-63.

Sharir T, Germano G, Kang X,
Lewin HC, Miranda R, Cohen I,
Agafitei RD, Friedman JD, Ber-
man DS Prediction of myocardial
infarction versus cardiac death by
gated myocardial perfusion

CM]J

8.

10.

11.

12.

13.

257

SPECT: risk stratification by the
amount of stress-induced ischemia
and the poststress ejection fraction.
J Nucl Med 2001; 42: 83-7.

Sharir T, Germano G, Kavanagh
PB,Lain S, Cohen |, Lewin HC,
Friedman JD, Zellweger MJ, Ber-
man DS Incremental prognostic
value of poststress left ventricular
gjection fraction and volume by
gated myocardial perfusion single-
photon emission tomography. Cir-
culation 1999; 100: 1035-42.
Bourque JM, Vel azquez EJ, Tut-
tle RH, Shaw LK, O’ Connor CM,
Boerges NS Mortality risk associ-
ated with ejection fraction differs
across resting nuclear perfusion
findings. J Nucl Cardiol 2007; 14:
165-73.

Nakajima K, Nishimura T. Inter-
institution preference-based varia-
bility of ejection fraction and vol-
umes using quantitative gated
SPECT with (99 m) Tec-
tetrofosmin: a multicentre study
involving 106 hospitals. Eur J
Nucl Med Mol Imaging 2006; 33:
127-33.

Yamaguchi A, Ino T, Adachi H
Left ventricular volume predicts
postoperative course in patients
with ischemic cardiomyopathy.
Ann Thorac Surg 1998; 65: 434-8.
Nakajima K, Taki J, Higuchi T,
Kawano M, Taniguchi M,
Maruhashi K, Sakazume S, To-
nami N Gated SPECT quantifica-
tion of small hearts: mathematical
simulation and clinical application.
Eur J Nucl Med 2000; 27: 1372-9.
Travin MI, Heller GV, Johnson
LL, Katten D, Ahlberg AW, lsasi
CR, Kaplan RC, Taub CC, Demus
D The prognostic value of ECG-
gated SPECT imaging in patients
undergoing stress Tc-99m sesta-
mibi myocardial perfusion imag-
ing. J Nucl Cardiol 2004; 11: 253-
62.

Hedeer F, Palmer J, Ardehan H.
Gated  myocardial ~ perfusion
SPECT underestimates left ven-
tricular volumes and shows high
variability compered to cardiac

Cumbhuriyet Medical Journal



258

magnetic resonance imaging a
comparison of four different com-
mercial automated software pack-
ages. BMC Medical Imaging
2010; 10: 10.

14. Itti E, Rosso J, Hammami H, Be-
nayoun S, Thirion JP, Meignan M
Myocardial Tracking, A New
Method to Calculate Ejection Frac-
tion with Gated SPECT: Valida-
tion with 201TI Versus Planar An-
giography J Nucl Med 2001; 42:
845-52.

15. Sharir T, Kang X, Germano G,
Bax JJ, Shaw LJ, Gransar H, Co-
hen I, Hayes SW, Friedman JD,
Berman DS. Prognostic value of
poststress left ventricular volume
and ejection fraction by gated my-
ocardial perfusion SPECT in
women and men: gender-related
differences in normallimits and
outcomes. J Nucl Cardiol 2006;
13: 495-506.

16. Nakajima K, Okuda K, Nystrom
K, Richter J, Minarik D, Waka-
bayashi H, Matsuo S, Kinuya S,
Edenbrandt L Improved quantifi-
cation of small hearts for gated
myocardia perfusion imaging Eur J
Nucl Med Mol Imaging 2013; 40:
1163-70.

17. Ford P, Chatziioannou SN, Moore
WH, Dhekne RD Overestimation
of the LVEF by Quantitative Gat-
ed SPECT in Simulated Left Ven-
triclesJ Nucl Med 2001; 42: 454-9.

18. Knollmann D, Winz OH, Meyer
PT, Raptis M, Krohn T, Koch KC,
Schaefer WM Gated Myocardial
Perfusion SPECT: Algorithm-
Specific Influence of Reorientation
on Calculation of Left Ventricular
Volumes and Ejection Fraction J
Nucl Med 2008; 49: 1636-42.

CM] Cumbhuriyet Medical Journal



