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SPECT VS. ECHOCARDIOGRAPHY

Dilated cardiomyopathy (DCM) is the most common cardio-
myopathy and has a poor prognosis.1 DCM is characterized 
by ventricular re-modeling producing chamber dilatation, 

normal or decreased wall thickness, and diminution in systolic func-
tion. Impaired systolic function causes an increase in left ventricular 
end-diastolic (LVEDV) and left ventricular end-systolic volume 
(LVESV) with reduced left ventricular ejection fraction (LVEF). Left 
ventricle volume, LVEF, and regional wall motion provide valuable 
diagnostic information and are of long-term prognostic importance 
in patients with DCM.2,3 Non-invasive techniques that are available 
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to assess these parameters include two-dimensional 
(2D) echocardiography, magnetic resonance imag-
ing (MRI) and radionuclide angiography (RNA).4–7 
Neither these procedures nor gated SPECT match-
es the gold standard. Because of its excellent spatial 
resolution and freedom from contamination by 
surrounding structures, contrast angiography has 
been the standard to which all techniques have 
been compared. Of the noninvasive methods, RNA 
is unique because the radioactivity that is injected 
for the purpose of imaging the heart temporarily 
remains in the cardiac chambers in a concentration 
that is directly proportional to the volume of blood 
in those chambers, making the technique inherently 
quantitative. All the other noninvasive and invasive 
techniques require mathematical assumptions about 
the geometry of the ventricle to quantify ventricular 
function. Such assumptions work well some of the 
time, but when shape of a ventricle is distorted by 
localized infarction, severe hypertrophy, or marked 
dilatation, the accuracy of geometric approaches is 
questionable.8 Recently, it has become possible to 
assess LV perfusion, function, and volumes simul-
taneously using electrocardiography gating during 
acquisition of single photon emission tomography 
(SPECT) perfusion images. Both technetium 99m 
(Tc-99m) and thallium 201 (Tl-201), the most com-
monly used tracers for perfusion scintigraphy, can 
be used for gated SPECT purposes.9–15 However, 
limited data are available regarding the accuracy 
of gated SPECT to evaluate these parameters in 
patients with DCM and significantly depressed LV 
function.14–18 e purpose of this study was to evalu-
ate the accuracy of gated SPECT for the assessment 
of LVEF, LV volumes, and regional wall motion in 
such patients in comparison to more routinely used 
echocardiography.

Patients and Methods
e study group consisted of 33 patients (25 men 
and 8 women) who were diagnosed with either isch-
emic or idiopathic DCM. e diagnosis of DCM 
was based on diffuse LV hypokinesis, an LVEF 
<45%, LVEDV >3.0 cm3m-2, and exclusion of other 
etiologic factors that may cause LV dysfunction. 
Based on patient history and coronary angiography 
findings, 21 patients were diagnosed with ischemic 
DCM and 12 patients were diagnosed with idio-
pathic DCM. e mean (±SD) age was 62±11 years 
(age range, 38–80 years).

Patients with arrhythmias, left bundle branch 
block, implanted pacemakers, acute myocardial 

infarction or unstable angina within the last month, 
percutaneous angioplasty, and coronary artery bypass 
graft surgery were excluded from the study. All pa-
tients were clinically stable and their cardiac medica-
tions were not changed during the study. e clinical 
research protocol was approved by the ethics com-
mittee of the Kocaeli University School of Medicine 
and all patients provided informed consent prior to 
enrollment into the study.

e study protocol included a resting gated 
SPECT imaging and a resting echocardiography 
study that were performed within a 15-day period. 
At resting condition, 555 MBq Tc-99m methoxy-
isobutyl-isonitrile (MIBI) was injected intravenously 
and electrocardiography gated myocardial perfusion 
SPECT acquisition was started 45 minutes follow-
ing the injection. Data acquisition was performed 
with a single-head SPECT system (ADAC, Argus 
Epic, Milpitas, California, USA) equipped with 
low-energy, high-resolution collimators. A 20% 
window around a 140-keV energy peak of Tc-99m 
MIBI was used. A total of 64 projections (step-and-
shoot mode, 30 seconds per projection) were ob-
tained over an 180º circular orbit. Acquisitions were 
gated for eight frames per cardiac cycle (acceptance 
window, 50%).

e gated SPECT images were reconstructed 
using filtered back-projection (Butterworth filter, 
order 10, cut-off frequency 0.55). e resulting 
transaxial slices were re-oriented perpendicular to 
the heart’s long axis, yielding long- and short-axis 
tomograms. Images were not corrected for attenu-
ation. Gated SPECT images were assessed visually 
for regional function by two experienced observers 
blinded to the echocardiography results. A 16-seg-
ment model, 5-point score (1=normal, 2=mildly 
hypokinetic, 3=severely hypokinetic, 4=akinetic, and 
5=dyskinetic) was used to enable direct comparison 
of the same areas for both gated SPECT and echo-
cardiography data (Figure 1). Segments with either 
normal wall motion or mild hypokinesia were con-
sidered normal.

e LVEF and LV volumes were calculated us-
ing previously validated and commercially available 
automated software (Autoquant software, Cedars-
Sinai Medical Center, Los Angeles, California, 
USA) from the gated SPECT images. e algorithm 
operates in three-dimensional space. It segments the 
LV, estimates and displays the endo- and epicardial 
surfaces for every gating interval, calculates ESV and 
EDV, and derives the related LVEF by taking their 
difference (stroke volume) and dividing it by EDV.
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Two dimensionally guided M-mode echocardio-
grams were performed with standard techniques us-
ing a Toshiba SSA-390 A echocardiograph. Images 
were acquired at rest with standard parasternal, 
short-axis and apical (two chamber and four cham-
ber) views. EDV, ESV and LVEF were derived with 
the previously validated modified Simpson’s biplane 
discs method.19,20

For the assessment of regional wall motion 
similar to gated SPECT, a 16-segment model, and a 
5-point score was used (same segments, same scor-
ing system). Again, segments with normal wall mo-
tion and mild hypokinesia were considered normal, 
whereas the remaining segments were considered 
severely dysfunctional.

Continuous data were expressed as mean±SD 
and compared using the two-tailed Student’s t-test 
for paired and unpaired data when appropriate. e 
agreement for segmental wall motion was assessed 
with 3×3 tables and weighted kappa statistics. Kappa 
values <0.4, between 0.4 and 0.75, and >0.75 were 
considered to represent poor, fair to good and excel-
lent agreement respectively, based on Fleiss’s clas-
sification.21

e agreement between LVEF, EDV and ESV 
derived from gated SPECT and echocardiogra-
phy data were determined with linear regression 
(Pearson correlation coefficient) and Bland-Altman 
analysis.22 For all tests, a P value <0.05 was consid-
ered significant.

Results
Of the 33 patients enrolled into the study, 21 were 
diagnosed with ischemic DCM and 12 patients 
were diagnosed with idiopathic DCM. Twenty-one 
patients had a history of myocardial infarction. On 
angiography, eight patients were found to have one-
vessel disease, seven patients were found to have two-
vessel disease, and six patients were found to have 
three-vessel disease. Fifteen patients had diabetes 
mellitus and 18 patients had systemic hypertension.

On echocardiography, 298 (56%) segments re-
vealed normal wall motion, 195 (37%) segments 
showed severe hypokinesia, and 35 (7%) segments 
showed akinesia or dyskinesia. On gated SPECT, 
289 (55%) segments showed normal wall motion, 
161 (30%) segments showed severe hypokinesia and 
78 (15%) segments showed akinesia or dyskinesia. 
e agreement on a segmental basis is shown in 
Table 1. An exact overall agreement of 56% was 
found, with a kappa value of 0.23, indicating poor 
agreement between the two methods.

Table 1. Agreement for regional wall motion analysis between 
echocardiography and gated SPECT (n=33)

Gated SPECT Echocardiography

1-2 3 4-5

1–2  204  79  6

3  72  77  12

4–5  22  39  17

Agreement = 56%, kappa = 0.23
1-2, normal-mild hypokinesia; 3, severe hypokinesia; 4-5 akinesia-dyskinesia.
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Figure 1. (right) The 16-segment model 
used for gated SPECT and echocardiog-
raphy, 1–6=six basal segments (1, an-
teroseptal; 2, anterior; 3, anterolateral; 4, 
inferolateral; 5, inferior; 6, inferoseptal), 
7–12=six midventricular segment (7,an-
teroseptal; 8, anterior; 9, anterolateral; 10, 
inferolateral; 11, inferior; 12, inferoseptal) 
and segment 13–16 four apical segments 
(including 13, septal; 14, anterior; 15, lat-
eral; 16, inferior).

Table 2. Measurement of left ventricular volumes and ejection fraction with 
echocardiography and gated SPECT.

Gated SPECT Echocardiography P

LVEF

 Mean±SD (%)  27±9  30±8  <0.01

 Range (%)  10–49  10–45

EDV

 Mean±SD (mL)  217±77  195±58  <0.01

 Range (mL)  98–375  90–331

ESV

 Mean±SD (mL)  163±73  137±48  <0.01

 Range (mL)  50–325  55–250
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ment of regional wall motion in patients with DCM. 
erefore, we focused our study solely on patients 
with DCM who already had depressed LV function. 
For comparison, 2D echocardiography was used, as 
it is currently one of the most widely applied and 
accepted non-invasive techniques to assess the LV 
volume, LVEF, and regional wall motion.19,20

In our study, the exact segmental agreement for 
assessment of regional wall motion between echocar-
diography and gated SPECT was 56%. is is lower 
than the numbers quoted in previous studies.18,23,24 
e reason for this discrepancy may be two-fold: e 
visual analysis of wall motion by echocardiography 
is a subjective method that has an important inter- 

Table 2 shows LVEF measured by gated SPECT 
and echocardiography. e values were similar and 
showed good correlation by linear regression (Figure 
2A). e mean difference in LVEF measured with 
gated SPECT and echocardiography was -3% 
±6%, with large limits of agreement (9% to -15%) 
(P<0.01, 95% CI, -5.24 to -0.88), as shown by a 
Bland-Altman analysis (Figure 2B). e mean EDV 
by echocardiography was slightly lower than with 
gated SPECT (Table 2). Linear regression found 
a good correlation (Figure 3A). e mean differ-
ence in EDV measured with gated SPECT and 
echocardiography was 22±53 mL (P<0.01, 95% CI, 
3.06-40.82), and with large limits of agreement (128 
to -85 mL) (Figure 3B). e mean ESV on echocar-
diography was slightly lower than the corresponding 
ESV values measured with gated SPECT (Table 2). 
Linear regression analysis showed a good correla-
tion (Figure 4A). e mean difference between ESV 
values measured with gated SPECT and echocar-
diography was 26±50 mL (P<0.01, 95% CI, 8.48 to 
44.12), and with large limits of agreement (127 to 
-75 ml) (Figure 4B).

To assess the reproducibility of the technique, 26 
of the study patients were randomly selected and re-
processed by a second specialist, who was blinded to 
the results of the initial evaluation. ere was good 
correlation between the values for LVEF (y=0.77 
x+0.59, r=0.969, SEE, 2.71%, P<0.01, mean differ-
ence 5.76%, limits of agreements -0.78 to 9.81) that 
were calculated by the two different specialists with 
wider limits of agreement for EDVs (y=x+11, r=0.98, 
SEE, 12 mL, P<0.01, mean difference 12 mL, limits 
of agreements -11 to 35 mL) and ESVs (y=1.22 
x+0.92, r=0.993, SEE, 10 mL, P<0.01, mean differ-
ence -0.73 mL, limits of agreements -19 to 21 mL).

Discussion
As DCM is the most common cardiomyopathy with 
a poor prognosis, assessment of regional perfusion 
as well as functional parameters is important for 
prognostic purposes.1,2,3 Gated SPECT offers the 
potential advantage of gathering information on 
both myocardial perfusion and function at the same 
time. Many previous studies have demonstrated the 
feasibility and validity of gated SPECT for evalu-
ating myocardial perfusion as well as LV function 
and volumes.9–15 However, data regarding the per-
formance of gated SPECT in patients with severely 
depressed LV function and dilated cardiomyopathy 
is still scarce.14–18 In particular, not much is known 
about the usefulness of gated SPECT for the assess-
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Figure 2A. Relation between left ventricular ejection farction (LVEF) assessed with 
gated SPECT and echocardiography. 
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and intra-observer variability25 and our study group 
comprised a special group of patients with severely 
depressed LV function and remodeled (spherical) 
LV shape. Analysis of wall motion in these patients 
requires experience and may be more difficult than 
in patients with segmental wall motion abnormali-
ties and relatively preserved (ellipsoid) LV shape due 
to the rather global hypokinesia.

Gated SPECT has a disadvantage in assessing the 
wall motion in a severely hypoperfused area or in an 
area with decreased myocardial thickness, as the ob-
tained count may be inadequate to visualize the region 
of interest. As a result of this, accurate evaluation of 
ventricular function may be compromised. An image 

enhancement technique described by Nichols et al. 
improves the visualization of underperfused myocar-
dium.26 e use of this technique might improve the 
accuracy for the analysis of wall motion in segments 
with severely diminished perfusion.

Our study showed a good correlation between 
gated SPECT and 2D-echocardiography in deter-
mining LVEF, when LV is dilated. is technique 
was also highly reproducible, although there was a 
minor (3%) underestimation of LVEF with gated 
SPECT. All previous studies that validated the ac-
curacy of gated SPECT with the quantitative gated 
SPECT method (QGS) have included patients with 
myocardial infarctions.9,15,17,18 However, few studies 
have focused specifically on the subgroup of patients 
with large earlier infarctions, in whom the ability 
of an automated approach would be most severely 
tested, because the absence or severe reduction of 
counts in transmural infarction or dilatation is likely 
to impair the ability of any approach to accurately 
assess endocardial borders. Germano et al developed 
the QGS program, and validated it against first-pass 
equilibrium radionuclide angiocardiography (ERNA) 
for LVEF. In another study, the QGS was also shown 
to have a high degree of reproducibility and repeat-
ability.9,27 Similarly good and excellent correlation 
between QGS and MRI was shown for measuring 
LV volumes.6,15 Tadamura et al. showed good correla-
tion in LVEF between gated SPECT and 3D-MRI, 
although there was a small (3.5%) underestimation of 
LVEF with gated SPECT.28 Manrique et al. focused 
specifically on the accuracy of gated SPECT in 50 
patients with large earlier myocardial infarctions 
(>20% of the left ventricle) and concluded that gated 
SPECT with QGS underestimated LVEF in these 
patients (mean difference, 4.7%).14 is was attrib-
uted to temporal under sampling and severe perfu-
sion defects. However, their conclusion that LVEF 
is underestimated in patients with large perfusion 
defects has been challenged.29 Indeed, data from the 
same study showed that the presence and size of per-
fusion defects was not correlated with the degree of 
underestimation. An alternative interpretation is that 
a small systematic difference exist between 8 frame 
gated SPECT and ERNA-LVEF measurements, 
possibly because of a temporal under sampling (an 
average 4% difference) reported by Germano et al, 
and Manrique et al, that occurs regardless of the 
presence of perfusion defects. is can be overcome 
by systematically adding 4 ejection fraction points 
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Figure 3A. Linear regression analysis demonstrating the relation between end 
diastolic volume (EDV) assessed with gated SPECT and echocardiography.
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to 8 frame gated SPECT or by using 16 frame 
gating.29 Previous studies with echocardiography 
correlation reported similar results.18,30 Although 
systematic differences between different methods 
for LVEF measurement (such as gated SPECT and 
2D-echocardiography) may be detectable, small and 
predictable differences should not detract from the 
clinical usefulness of each method, provided that the 
method is reproducible and repeatable and the differ-
ences are well recognized.

In our study, the correlations between LV volume 
measurements with gated SPECT and 2D-echocar-
diography were good and both EDV and ESV val-
ues measured using gated SPECT were somewhat 
higher compared to echocardiography. Nichols et al. 
compared different analysis programs to correlate 
gated SPECT data to echocardiography in patients 
with severe perfusion defects, and demonstrated an 
overestimation of LV volumes with gated SPECT 
when QGS was used, especially in those patients 
with large LV volumes.30 QGS relied more heavily 
on systolic count changes to compute endocardial 
offsets, and some phantom and clinical studies have 
suggested that gated SPECT underestimates true 
thickening.31,32 is method adjusted ED offsets 
partly based on regional myocardial counts and 
therefore would have smaller endocardial offsets 
and larger LV cavity volumes for hypoperfused 
data.14 Similar results were reported by Vourvori C 
et al.18 On the other hand, Cwaj et al. evaluated 109 
patients with both 2D-echocardiography and gated 
SPECT (using both Tl-201 and Tc-99m MIBI), 
and demonstrated good correlation between the 
two modalities for assessing LV volumes, but with 
slightly larger LV volumes on echocardiography 
than on gated SPECT.33 It is clear that this issue 
needs further study.

In conclusion, gated SPECT was found to have 
good correlation with 2D echocardiography for 
measuring LV volumes and LVEF. In clinical prac-
tice, gated SPECT may be a good alternative for 
patients with limitations for optimal echocardiogra-
phy visualization. Furthermore, it may be routinely 
used for patients who may also need to be assessed 
for myocardial viability and/or ischemia at the same 
time. Contrary to the labor intensive and more ob-
server-dependent echocardiography techniques that 
are widely used to assess LV volumes and LVEF, 
gated SPECT technique is fast, nearly completely 
automated, and highly reproducible.
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Figure 4A. Relation between end systolic volume (ESV) assessed with gated SPECT 
and echocardiography. 
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