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Foot line: 180º versus 360º Gated SPECT

AbstrAct

Introduction: The impact of 180º myocardial perfusion SPECT reconstruction on decreasing resolution may also 
impact on LV volume and LVEF. The purpose of this project was to determine the relationship between 180º and 
360º gated myocardial perfusion SPECT reconstruction for the LV volumes and LVEF determined by QGS analysis 
and to determine whether QGS software is robust to variations in reconstruction parameters.
Methodology: Each of 50 gated SPECT data sets (25 rest and 25 stress) were reconstructed using both 180º and 
360º filtered backprojection simultaneously and quantified with automated QGS software to determine the LVEF, 
end diastolic volume (EDV) and end systolic volume (ESV).
Results: The mean LVEF for 180º reconstruction was 49.5% and 49.7% for 360º reconstruction. No statistically 
significant difference was noted between matched pairs (P = 0.51). The mean EDV for 180º reconstruction was 
108.3 ml and 104.6 ml for 360º reconstruction. A statistically significant difference was noted between matched 
pairs (P = 0.0006). The mean ESV for 180º reconstruction was 58.9 ml and 56.7 ml for 360º reconstruction. Again 
a statistically significant difference was noted between matched pairs (P = 0.0031).
Conclusion: The QGS determined LVEF is robust to variations in reconstruction strategy. If 360º data is acquired, 
QGS software is capable of performing reliable reconstruction. 
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Myocardial perfusion SPECT data acquired from LPO 
45º to RAO 45º is considered to be significantly attenuat-
ed and scattered by the body resulting in poor spatial res-
olution due to the distance of the heart from the detector.1 
The American Society of Nuclear Cardiology (ASNC) 
prescribe an anterior 180º data acquisition specifically to 
capitalise on the higher contrast it yields.2 While some 
investigators argue that 180º SPECT improves contrast, 
increases signal to noise ratios and decreases acquisition 
times,3-7 others report negligible improvement to im-
age quality using 180º SPECT.7-9 Moreover, 180º data is 
known to introduce distortions due to the variable spatial 
resolution associated with heart depth and non uniform 
attenuation.4,10-12 This distortion results in stretching of 
the myocardium away from the detector and may cause 
changes to heart shape and wall count ratios. These dis-
tortions are reduced in 360º SPECT as a result of arithme-
tic and geometric mean combination of opposing projec-

tions during the reconstruction process.5,12 
Regardless of this debate, the key issue is that 

there is poorer resolution associated with 180º SPECT 
which is often overlooked in lieu of the contrast fo-
cus.5,12 Liu et al.12 go further to suggest that the im-
proved contrast of 180º data is actually artificial due 
to inhomogeneity of the data. The deleterious impact 
of lost resolution and subsequent loss in diagnostic 
integrity and accuracy of quantification may not be 
sufficiently compensated by an artificial improvement 
in contrast. The 360º data allows reconstruction of the 
complete Fourier spectral projection data.5,12

While 180º SPECT remains the method of choice 
for single and variable detector gantries due to either 
a reduction in study time or an increase in count statis-
tics, there is no such acquisition advantage gained in 
triple and fixed dual gantries.12 It should also be noted 
that the scatter and attenuation problems associated 
with performing 360º 201Tl myocardial perfusion 



8  •   March 2006  •  ANZ Nuclear Medicine

Gated Myocardial 
Perfusion SPECT: 
180º Versus 360º 
Reconstruction

SPECT may be less significant for 99mTc based radiop-
harmaceuticals due to the higher energy emission.12,13 
The bulk of the literature supporting 180º SPECT pre-
dates the widespread use of both 99mTc based radiop-
harmaceuticals and multi detector gantries. Despite 
this, 180º myocardial perfusion SPECT remains the 
standard2 with 83.8% of departments reporting this 
preference.14 If the 360º data can be acquired without 
additional time (e.g. triple detector and dual opposed 
gantries) an opportunity exists to improve image qual-
ity. Interestingly, only 10.5% of departments with the 
capability of acquiring 360º of data without increased 
acquisition time (i.e. triple and dual opposed gantries) 
actually perform 360º reconstruction.14 The 360º data 
might also be useful qualitatively to differentiate arte-
fact from defect. That is, sources of artifact like breast 
attenuation do not degrade the posterior 180º of data.

The detrimental impact of 180º myocardial per-
fusion SPECT reconstruction may also impact on 
left ventricular (LV) volume and LV ejection fraction 
(LVEF). Vanhove et al.6 reported a statistically sig-
nificant increase (6 ml) in the LV volume 
determinations for 180º reconstruction 
over and 360º, although no p value was 
provided. No differences were noted in 
the LVEF. Liu et al.12 reported that 180º 
data increasingly overestimated the size 
of a perfusion defect as the heart moved 
off the central axis of rotation. The LVEF 
and LV volumes are known to be less 
accurate in the presence of perfusion  
abnormalities.15

The purpose of this project was to de-
termine the relationship between 180º and 
360º gated myocardial perfusion SPECT 
reconstruction for the LV volumes and 
LVEF determined by QGS analysis and 
to determine whether QGS software is ro-
bust to these variations in reconstruction 
parameters.

Methodology

This research was a retrospective clinical 
study using a repeat-measures design. All 
25 patients in the study population fol-
lowed either a two day rest / stress proto-
col or a two day stress / rest protocol. All 
myocardial perfusion SPECT studies em-
ployed a 740 MBq dose of 99mTc-tetrofos-
min (Nycomed-Amersham, Amsterdam). 
A triple detector gantry was used to ac-
quire all patient data. All data acquisitions 
employed low energy, high resolution col-
limation with step and shoot mode, ellipti-
cal orbits and a 64 x64 matrix. The zoom 
was 1.23 and projections were acquired at 
3º intervals for 20 seconds per projection 
to provide a total acquisition time of 15 
minutes. All patients were positioned su-
pine with their feet into the gantry for an 
eight interval gated SPECT acquisition. 

Each of 50 gated SPECT data sets (25 
rest and 25 stress) were reconstructed us-
ing both 180º and 360º filtered backpro-
jection and quantified with automated 
gated SPECT (QGS) software (Cedars 

Sinai Medical Centre, Los Angles, CA) to determine 
the LVEF, end diastolic volume (EDV) and end systolic 
volume (ESV). Data sets requiring manual intervention 
in the QGS analysis would have been excluded from the 
study, although none were encountered. 

The statistical significance for continuous data was 
calculated using Student’s t test. The F test analysis of 
variances was used to determine statistically significant 
differences within grouped data. A p value < 0.05 was 
considered significant. The differences between inde-
pendent means and proportions was calculated with a 
95% confidence interval (CI). Inter- and intra-observer 
correlation was evaluated with Chi-Square analysis and 
reliability measured using Cohen’s Kappa coefficient. 
Bland-Altman analysis (16) and the matched pairs t test 
were used to assess agreement between pairs.

results

Of the 25 patients, 15 were male and 10 were female. 
The mean patient age was 64.5 years with a range of 47 
to 85 years. 

Table 1: Summary of LVEF results

 Study 180º 360º Mean Correlation Match Pair
	 	 LVEF	 LVEF	 Difference	 Coefficient	 t	Test
 Rest 50.2 50.9 0.6 0.978 0.27
 Stress 48.7 48.6 0.1 0.976 0.83
 Both 49.5 49.7 0.3 0.977 0.51

LVEF (Table 1)
The mean rest LVEF for 180º reconstruction was 50.2% (95% CI 
44.9 - 55.5) and 50.9% (95% CI 45.3 - 56.4) for 360º reconstruc-
tion. No statistically significant difference was noted in the mean 
difference of 0.6% (P = 0.81) and no statistically significant differ-
ence was noted between matched pairs (P = 0.27). The mean stress 
LVEF for 180º reconstruction was 48.7% (95% CI 43.5 - 53.9) and 
48.6% (95% CI 43.3 - 53.8) for 360º reconstruction. No statistically 
significant difference was noted in the mean difference of -0.1% (P 
= 0.96) and no statistically significant difference was noted between 

Figure 1: Bivariate analysis of the 180º lVEF analysis versus the 
360º lVEF analysis. Note the excellent correlation with a correla-
tion co-efficient of 0.997 and r2 of 0.95.



Table 2: Summary of EDV results

 Study 180º 360º Mean Correlation Match Pair
	 	 EDV	 EDV	 Difference	 Coefficient	 t	Test
 Rest 105.9 101.5 4.4 0.981 0.001
 Stress 110.7 107.6 3.1 0.990 0.02
 Both 108.3 104.6 3.7 0.985 0.0006

End Diastolic Volume (Table 2)
The mean rest EDV for 180º reconstruction was 105.9 ml (95% CI 88.5 - 123.3) and 101.5 ml 
(95% CI 84.7 - 118.4) for 360º reconstruction. No statistically significant difference was noted in 
the mean difference of 4.4 ml (P = 0.61), however, a statistically significant difference was noted 
between matched pairs (P = 0.01). The mean stress EDV for 180º reconstruction was 110.7 ml 
(95% CI 93.5 - 128.0) and 107.6 ml (95% CI 90.9 - 124.3) for 360º reconstruction. No statisti-
cally significant difference was noted in the mean difference of 3.1 ml (P = 0.71), however, a 
statistically significant difference was noted between matched pairs (P = 0.02). 
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After combining the rest and stress data, the mean 
LVEF for 180º reconstruction was 49.5% (95% CI 45.9 
- 53.0) and 49.7% (95% CI 46.0 - 53.4) for 360º recon-
struction. No statistically significant differ-
ence was noted in the mean difference of 
0.3% (P = 0.88) and no statistically signifi-
cant difference was noted between matched 
pairs (P = 0.51). Excellent correlation was 
noted with a correlation coefficient of 0.977 
and r2 of 0.95 (Fig. 1). Bland-Altman analy-
sis demonstrated 94% of data points within 
the 95% limits of agreement (Fig. 2). 

In the combined rest and stress data, 
the mean EDV for 180º reconstruction was 
108.3 ml (95% CI 96.5 - 120.1) and 104.6 
ml (95% CI 93.1 - 116.0) for 360º recon-
struction. No statistically significant differ-
ence was noted in the mean difference of 
3.7 ml (P = 0.53), however, a statistically 
significant difference was noted between 
matched pairs (P = 0.0006). Excellent  
correlation was noted with a correlation co-

efficient of 0.985 and r2 of 0.97. Bland-Altman analysis 
only demonstrated 90% of data points within the 95% 
limits of agreement (Fig. 3). 

Figure 2: Bland-Altman analysis of the mean of the 180º and 360º lVEF versus difference be-
tween the two lVEFs shows no trend. The mean difference in lVEF between the two reconstruc-
tion (0.26%) is indicated by the solid horizontal line while the inner dotted lines represent the 
95% CI of the lVEF difference. The outer solid lines represent the 95% limits of agreement.

Table 2: Summary of ESV results

 Study 180º 360º Mean Correlation Match Pair
	 	 ESV	 ESV	 Difference	 Coefficient	 t	Test
 Rest 56.9 54.0 2.9 0.992 0.008
 Stress 61.0 59.4 1.6 0.993 0.14
 Both 58.9 56.7 2.2 0.992 0.003

End Systolic Volume (Table 3)
The mean rest ESV for 180º reconstruction was 56.9 ml (95% CI 
41.1 - 72.8) and 54.0 ml (95% CI 38.5 - 69.5) for 360º reconstruc-
tion. No statistically significant difference was noted in the mean 
difference of 2.9 ml (P = 0.71), however, a statistically significant 
difference was noted between matched pairs (P = 0.008). The mean 
stress ESV for 180º reconstruction was 61.0 ml (95% CI 44.0 - 77.9) 
and 59.4 ml (95% CI 43.5 - 75.3) for 360º reconstruction. No statis-
tically significant difference was noted in the mean difference of 1.6 
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Combined rest and stress data demonstrated that 
the mean ESV for 180º reconstruction was 58.9 ml 
(95% CI 47.7 - 70.1) and 56.7 ml (95% CI 45.9 - 67.5) 
for 360º reconstruction. No statistically significant dif-
ference was noted in the mean difference of 2.2 ml (P 
= 0.69), however, a statistically significant difference 
was noted between matched pairs (P = 0.0031). Excel-
lent correlation was noted with a correlation coefficient 
of 0.992 and R2 of 0.98. Bland-Altman analysis only 

demonstrated 94% of data points within the 95% limits 
of agreement (Fig. 4). 

discussioN

In considering techniques, one needs to balance choices 
to ensure there is minimal increase in cost or inconven-
ience and that diagnostic integrity is maintained. His-
torically, 180º SPECT provided the potential benefit of 
decreasing acquisition time and patient inconvenience. 

Figure 3: Bland-Altman analysis of the mean of the 180º and 360º 
EDV versus difference between the two EDVs shows a weak nega-
tive trend. The mean difference in EDV between the two recon-
struction (-3.7 ml) is indicated by the solid horizontal line while the 
inner dotted lines represent the 95% CI of the lVEF difference. 
The outer solid lines represent the 95% limits of agreement.

Figure 4: Bland-Altman analysis of the mean of the 180º and 360º  
ESV versus difference between the two ESVs shows no trend. 
The mean difference in ESV between the two reconstruction (-2.2 
ml) is indicated by the solid horizontal line while the inner dot-
ted lines represent the 95% CI of the lVEF difference. The outer 
solid lines represent the 95% limits of agreement.
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Alternatively, image quality was thought to be improved 
by maintaining total acquisition time. These potential 
benefits combined with the reported improvement in 
contrast significantly outweighed the distortions intro-
duced by 180º reconstruction. These conclusions were 
drawn prior to the widespread use of 99mTc based radi-
opharmaceuticals with their superior physical charac-
teristics and multiple detector gantries that may acquire 
360º of data in precisely the same time as 180º of data. 

Utilising 360º data reconstruction may extend a 
number of advantages over 180º reconstruction which 
are of particular importance in centres with triple or 
dual opposed gantries. Firstly, the distortions of recon-
structed data associated with 180º reconstruction are 
eliminated. Secondly, the artifactual improvement in 
contrast is eliminated. Thirdly, the impact of soft tissue 
attenuation may be reduced (e.g. breast artefact).

A 2.2 ml higher ESV was noted for 180º reconstruc-
tion over 360º reconstruction. The statistically signifi-
cant difference determined by the matched pairs t test 
(P = 0.003) and the 6% of data points outside the 95% 
limits of agreement on Bland-Altman analysis support 
a lack of agreement between ESV determined with 180º 
and 360º reconstruction. We cannot explain the differ-
ence noted between stress and rest studies with respect 
to the mean difference in that no statistically significant 
variation between 180º and 360º reconstruction was 
shown for stress data although it may simply represent 
the same decrease in mean difference from rest to stress 
noted for EDV. This observation may result from a low-
er differential in image contrast between 180º and 360º 
reconstruction for the higher count rate stress data.

This investigation demonstrated that the mean 
LVEF for 180º reconstruction was not statistically 
different from mean of 360º reconstruction This was 
supported by the large overlap in 95% CIs of the two 
means. These results match the 0.1% difference report-
ed by Vanhove et al. (2003). The excellent correlation 
(0.977), matched pair t test (P = 0.51) and Bland-Alt-
man analysis were concordant with these observations. 
While this lack of difference in LVEF was not entirely 
surprising, the artifactual improvement in image con-
trast and image distortion associated with 180º recon-
struction was considered a potential source of error. The 
extent of this potential error, however, was limited to 
LV volume determinations.

coNclusioN

No statistically significant differences were noted be-
tween the LVEF calculated using 180º reconstruction 
compared to 360º reconstruction with a mean differ-
ence of 0.3%. Thus, the QGS determined LVEF is ro-
bust to variations in reconstruction strategy. One should 
expect to observe matching results comparing those of 
180º and 360º reconstruction methods. If 360º data is 
acquired, QGS software is capable of performing reli-
able reconstruction. 
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