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ABSTRACT 
Myocardial perfusion single-photon emission computed tomography (SPECT) studies are used widely in the evaluation and diagnosis of 
coronary artery disease. Although one method to improve the spatial resolution is zooming acquisition, truncation artifact occurs in 
reconstructed tomographic images. To date, it is unclear how much truncation (area and radioactivity) of projection data would affect 
myocardial image.  
 
The aim of this study is to investigate the combination of truncated projection data conditions and image reconstruction methods that 
do not require re-examination. We used a cylindrical and anthropomorphic torso phantom with 99mTc solution, and shifted the 
projection data to simulate truncated liver tissue. SPECT images were acquired using a dual-detector gamma camera and reconstructed 
using filtered back projection (FBP) and ordered subset expectation maximization (OSEM) to create transverse images. We compared 
truncation data and reference data (none truncated projection data) for count profile curve, uniformity, myocardial counts, and % 
uptake. 
 
Our findings indicate that prerequisite for truncation data and image reconstruction method would not affect the myocardial image, 
when the area of truncation was < 17.5% and the count of the truncation portion was lower than that in the myocardium using FBP. 
 
Keywords: Myocardium, single-photon emission computed tomography, filtered back projection. 
 

1. INTRODUCTION: 

 Myocardial  perfusion  single-photon  emission  computed  

tomography  (SPECT)  studies  are used widely in the 

evaluation and diagnosis of coronary artery disease [1]. 

However, the spatial resolution for  SPECT  imaging  is  lower  

than  that  of  other  modalities.  One  method  to  improve  the 

spatial resolution  is  zooming   acquisition   [2].   The  

acquisition  may   cause  the  loss   of right-side  body 

radioactivity outside the field of view (FOV), if heart is placed 

in the center of acquisition orbit. According to the principle of 

tomography, images cannot be reconstructed accurately using 

truncated projection data [3]. Therefore, an artifact, known as 

a truncation artifact occurs in reconstructed tomographic 

images [4- 10]. 

Most studies of truncation artifacts in myocardial perfusion 

SPECT have reported on the effects of the attenuation maps 

generated from a truncated transmission data on the 

reconstructed image [4-7]. On  the other hand, a  few studies  

have  investigated whether  the truncation  artifact affects  the 

myocardial image without attenuation correction if the 

myocardial image is not truncated outside the FOV at any 
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projection view, but the radioactivity of body tissue is 

truncated at some views [8-10]. Image reconstructed from 

truncated projection data display various artifacts and 

distortions. A ring- shaped high-count  artifact that appears  on 

the  truncation  edge  is one  of  the truncation  artifacts 

[5,7,8,10].  Apart  from  the  artifacts,  truncated  projection  

data  affect  counts  and  uniformity  in reconstructed  

myocardial image if truncated area becomes large [8-10]. Also, 

severity of truncation artifact by the difference of image 

reconstruction method have been discussed in previous 

studies [9-10]. 

Few studies have attempted to investigate the influence of 

radioactivity concentration in truncation portion such as lung 

or liver on the myocardial image. In addition, it has not been 

found that how much area of truncation affects the myocardial 

image. Moreover, Rohmer et al. found that small inaccuracies 

in image reconstructed from truncated projection data have 

little effect on clinical interpretation [8]. For these reasons, 

even if the projection data was truncated in clinical 

examination, we could not determine the need for re-

examination. 

We hypothesized that the effect of truncation artifacts for the 

myocardial image depends on the area and radioactivity 

concentration in the truncation portion and the difference of 

image reconstruction method.  The  aim  of  this  study  is  to  

investigate  the  necessary  prerequisite  for  projection  data 

conditions and image reconstruction method that do not 

require re-examination. 

2. METHODS 

2.1 Phantoms 

A cylindrical phantom (JSP type, Kyoto Kagaku Co., Ltd., Kyoto, 

Japan) was used. The cylindrical phantom had a diameter and 

height of 22.0 cm. The phantom was filled with 90.0 kBq/mL of 

99mTc solution. Moreover, an anthropomorphic torso 

phantom (HL type, Kyoto Kagaku Co., Ltd., Kyoto, Japan) 

containing shapes of the normal myocardium, lungs, spine, and 

liver was also used. The phantom was representative of the 

torso of a medium-sized adult. The myocardium was filled with 

90.0 kBq/mL of 99mTc solution. The liver was filled with 

varying concentrations of 99mTc solution so that the heart–

liver relative radioactivity concentration ratios (HL 

radioactivity ratios) were 1:0.25, 1:0.5, and 1:1.0. We also 

prepared a water-filled liver so that the HL radioactivity ratio 

was 1:0. The left ventricular cavity, right ventricle, and 

mediastinum were filled with water. The lungs contained 

beads of polystyrene foam without radioactivity. The liver was 

the truncated region.  

2.2   Acquisition and image processing 

SPECT images were acquired using a dual-detector gamma 

camera (BrightView, Philips Healthcare, Cleveland, OH, USA) 

equipped with a low-energy high-resolution collimator. A total 

of 64 projection images were obtained from a 180° elliptical 

orbit (90° per detector) with a 40.9-cm detector mask (zoom, 

1.46) and matrix size of 64×64. The projection data were 

acquired for 30 s per projection. A 20% energy window was set 

symmetrically over 140 keV of 99mTc. Projection data were 

processed using the JETStream Workspace (Philips 

Healthcare), and images were   reconstructed   using   filtered   

back   projection   (FBP)   and   ordered   subset   expectation 

maximization (OSEM) to create transverse images. In FBP, a 

preprocessing Butterworth filter with a cutoff  frequency  of  

0.39  cycles/cm,  an  order  of  8,  and  a  ramp  filter  were  used.  

In  OSEM,  a preprocessing Butterworth filter with a cutoff 

frequency of 0.39 cycles/cm and an order of 8 were used  with   

3  iterations  and   16  subsets.  The  parameters  are  the  same  

as   the   clinical   default reconstruction in our institution. No 

attenuation or scatter correction was used. The cylindrical 

phantom was placed in the center of the FOV and used as a 

reference image. The center  of  rotation  in  SPECT  was  shifted  

from  the  center  of  the  phantom  while  being   visually 

monitored  with  an  emission  monitor  at  the anterior  view  

of  projection  data,  and images  were obtained  to  truncate  

the  right  side  (toward  the  liver)  of  the  phantom.  A  

reference  image  and truncation    images    with    4    different    

areas    of    truncation    were   acquired   (c1–c4). In   the 

anthropomorphic torso phantom, a reference image and 

truncation images with 3 different areas of truncation were 

acquired (a1–a3). SPECT images were acquired 6 times at each 

position. Count profile curves were determined in the 

horizontal direction of the center of the transverse image for 

the cylindrical  phantom. In  the anthropomorphic  torso 

phantom,  the  count  profile   curves  were determined in the 

horizontal direction at the level of the heart. The area of 

truncation was calculated  

Using the following equation: 

Area of truncation = (A-B) / A×100%, 

where A is the phantom diameter of the reference image in the 

FOV and B is the phantom diameter in the truncation image in 

the FOV (Fig. 1). The A and B of the diameters were calculated 

from the count profile curve. The transverse images of the 

cylindrical and anthropomorphic torso phantoms are shown in 

Fig. 2. In the cylindrical phantom, the areas of truncation for c1, 

c2, c3, and c4 were 18.2 ± 0, 29.7 ± 0, 37.8 ± 0, and 51.4 ± 0%, 

respectively. In the anthropomorphic torso phantom, the areas 

of truncation for a1, a2, and a3 were 17.5 ± 2.1, 32.9 ± 1.4, and 

49.1 ± 1.4%, respectively. The projection data for the anterior 

view are presented in Fig. 3. The liver-to-myocardium count 

ratios per pixel were 1.21 ± 0.02, 2.32 ± 0.22, and 4.03 ± 0.10 

for HL radioactivity ratios 1:0.25, 1:0.5, and 1:1.0, respectively. 

We used the Daemon Research Image Processor (FUJIFILM 

Toyama Chemical Co., Ltd, Tokyo, Japan) in the image analysis 

and quantitative perfusion SPECT (Cedars-Sinai Medical 

Center, Los Angeles, CA, USA), version 7.0, in the polar map 

creation. 
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2.3.   Image evaluation 

The mean count profile curves were determined in the 

horizontal direction of the center from the average of  five  

transverse  images  of  the cylindrical  phantom.  The count  

profiles  curves  for  the truncation  image  were  visually  

compared  with  those  of  the  reference  image.  Additionally, 

we investigated the uniformity in the FOV of the truncation 

data. The rectangular region of interest (ROI) was manually set 

on the cylindrical phantom in the FOV (Fig. 4). The coefficients 

of variation (CVs) of the  truncation  image were compared 

with  those of the reference image.  The CV  was calculated as 

follows: 

CV (%) = SD / mean × 100, 

where SD and mean are the standard deviation and average 

value in the ROIs, respectively. 

In the anthropomorphic torso phantom, we compared the 

myocardial counts of the truncation image with those of the 

reference image in the ROI on the myocardium of three 

consecutive slices of the transverse image. Moreover, the % 

uptake was calculated using the standard 17-segment model of 

the left ventricle [11]. In segments 7-17, the average % uptakes 

of the truncation image were compared to those of the 

reference image. 

2.4.   Statistical analysis 

Continuous valuables were expressed as the mean ± SD. The 

CVs at each degree of truncation versus the reference image 

using the cylindrical phantom were compared using one-way 

repeated-measures analysis of variance. The Friedman test 

was used to compare the myocardial counts between the 

truncation and reference images. For the % uptake comparison 

of the polar map, the coin method was used after the Friedman 

test. The exact P-value in a small paired sample in many ties in 

the 6 observations was calculated using the R package “coin,” a 

class of permutation test. A post hoc analysis with Bonferroni 

correction was performed. 

A P-value of <0.05 was considered to be statistically significant. 

All statistical analyses were performed using EZR (Saitama 

Medical Center, Jichi Medical University, Saitama, Japan), a 

graphical user interface for R 3.3.1 (R Foundation for Statistical 

Computing, Vienna, Austria) [12]. 

3. RESULTS 

3.1.   Count profile curve 

In the evaluation of the cylindrical phantom, both FBP and 

OSEM produced a high-count artifact in the truncation portion 

of the phantom in transverse images (Fig. 5). Compared with 

FBP, the artifact of OSEM was higher with a larger area of 

truncation. Moreover, in OSEM, a larger fluctuation in the count 

profile curve was observed near the high-count artifact than 

that in FBP. 

3.2.   Uniformity (CVs) 

Results of the CVs are shown in Fig. 6. In FBP, the differences in 

the CVs were not observed between the reference and 

truncation data. However, in OSEM, an increase in the CVs was 

observed in c2, c3, and c4 of the truncation data compared to 

those of the reference data. The CVs were higher with the 

increasing area of truncation (The CVs of the reference, c2, c3, 

and c4 were 6.4 ± 1.0, 7.8 ± 1.2, 9.0 ± 1.4, and 14.3 ± 2.3, 

respectively.) 

3.3.   Myocardial counts 

Figure 7 shows the results of the myocardial count.  In the HL 

radioactivity ratio 1:0 of FBP, the differences in the myocardial 

count were not observed between the truncation and reference 

data.  

However, in the HL radioactivity ratios 1:0.25 and 1:0.5 of FBP, 

an increase in the myocardial count was observed in a2 and a3 

data compared to those in the reference data. In the HL 

radioactivity ratio 1:1.0, an increase in the myocardial count 

was observed in a1, a2, and a3 data compared to those in the 

reference data. The myocardial counts for the reference, a1, a2, 

and a3 were 132.3 ± 2.2, 135.5.4 ± 1.6, 147.4 ± 1.7, and 173.0 ± 

1.5, respectively. Compared with the reference data, the 

myocardial count increase rates of a3 in FBP were 1.09, 1.15, 

and 1.31 for the HL radioactivity ratios of 1:0.25, 1:0.5, and 

1:1.0, respectively. In OSEM, the differences in the myocardial 

count were not observed between the reference and truncation 

data in the HL radioactivity ratios 1:0 and 1:1.0. In the HL 

radioactivity ratio 1:0.25 in OSEM, an increase in the 

myocardial count was observed in a1, a2, and a3 data 

compared to those in the reference data. The myocardial 

counts for the reference, a1, 2, and a3 were 285.1 ± 5.8, 312.1 

± 4.1, 313.3 ± 4.4, and 309.5 ± 6.6, respectively. In the HL 

radioactivity ratio 1:0.5, an increase in the myocardial count 

was observed only in a3 data compared to that in the reference 

data. 3.4% uptake Figure 8 presents the % uptake of the polar 

map for the reference and truncation data. In the HL 

radioactivity ratio 1:0 and a1 of both FBP and OSEM, the 

difference in % uptake for the truncation data was not 

observed in all segments compared with those for the 

reference data. In the HL radioactivity ratio 1:0.25 of FBP, the 

difference in % uptake was observed in a3 data compared to 

that in the reference data. In the HL radioactivity ratios 1:0.5 

and 1:1.0 of FBP, the difference in % uptake was observed in 

a2 and a3 data compared to those in the reference data.  

All % uptakes of the different segments  in the truncation data  

were  higher  than those in  the  reference  data in  FBP.  In the 

HL radioactivity ratios 1:0.25, 1:0.5, and 1:1.0 of OSEM, the 

difference in % uptake was observed in a2 and a3 data 

compared to those in the reference data. The % uptake of 

different segments increased in a2 of the HL radioactivity 

ratios 1:0.25 and 1:0.5. In a2 of the HL radioactivity ratio 1:1.0 

and a3 of the HL radioactivity ratios 1:0.25, 1:0.5, and 1:1.0, the 

% uptake increased and decreased, respectively.  
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In a3 of the HL radioactivity ratio 1:1.0, the % uptake 

decreased in segments 7, 8, 13, 14, 15, and 17 and increased in 

segments 9, 10, 11, and 12 compared to those in the reference 

data. 

4. DISCUSSION 

In this study, the effect of truncated projection data on 

myocardial image in myocardial perfusion SPECT was 

investigated using cylindrical and anthropomorphic torso 

phantoms for FBP and OSEM.  

We shifted the projection data to simulate truncated liver 

tissue and investigated the uniformity and count of the 

myocardial image in the FOV. Our results supported the 

hypothesis that the effect of truncation artifacts depends on 

the area and radioactivity concentration in the truncation 

portion, and the difference in the image reconstruction 

method.  

In both FBP and OSEM, the truncation data introduced a high-

count artifact at the truncation edge in the cylindrical phantom. 

However, the count profile curve on the truncation data in 

OSEM was observed a larger high-count artifact and a larger 

fluctuation compared with those in the FBP. As a result, an 

increase in CVs was observed in the truncation data of the 

OSEM compared to those in the reference data with a larger 

area of truncation. An increase of CVs means decrease in 

uniformity within FOV. A previous study indicated that 

truncated transmission CT data generated artifacts and 

distortion in image reconstructed by the maximum likelihood 

expectation maximization (MLEM) compared to that in the 

FBP, especially for higher degrees of truncation [5].    The study 

also noted that the cold ring artifact near the truncation edge 

occurred in MLEM. Taking our results of the CVs into account, 

in the truncation data, OSEM may receive a greater influence 

on reconstructed images than FBP. Therefore, we consider that 

the image reconstructed by OSEM has lower uniformity within 

FOV than FBP. 

In the anthropomorphic torso phantom, the area and 

radioactivity concentration in the truncated liver tissue was 

changed. Then, the myocardial count on the transverse image 

and the % uptake of the polar map were compared between 

the reference and truncation data. We initially had to confirm 

that there was no difference in the myocardial count and polar 

map at each heart position within the FOV between the 

reference and truncation data of non-radioactivity in the 

truncation portion (HL radioactivity  ratio  1:0)  [13,  14].  As  a  

result,  both  FBP  and  OSEM  showed  no  difference  in the 

myocardial count and polar map in any truncation area 

compared to those in the reference data (HL radioactivity ratio 

1:0 in Figs. 7 and 8). Rohmer et al. used a mathematical cardiac 

torso phantom to simulate a small cardiac SPECT camera that 

would be the liver outside the FOV [8]. The simulation was  

conducted  under  the  condition  of  only  a  HL  radioactivity  

ratio  1:1.0.  They reported that myocardial counts increased in 

FBP when the liver was outside the FOV.  Our data were similar 

to those reported by them, namely the myocardial counts in the 

truncation data increased in FBP compared to those in the 

reference data. Then, the counts increased with a larger area 

and a higher radioactivity concentration of the truncation 

portion. A SPECT image is created from the projection data. 

The truncated projection data include counts outside the FOV.  

It is assumed that the count outside the FOV caused an increase 

in the myocardial count of the reconstructed image. Owing to 

this, with an increasing count in the truncation portion, the 

count in the FOV is higher than the true value. 

Therefore, we believe that the increase in the myocardial count 

of the truncation data depends on the area and the 

radioactivity concentration of the truncation portion in FBP.  In 

contrast, in OSEM, although an increase in the myocardial 

count of a1, a2, and a3 of the HL radioactivity ratio 1:0.25 was 

observed,  no  increase  in  the  myocardial  count  was  

observed  in  the  truncation  data  of  the HL radioactivity ratio 

1:1.0. The increase in the myocardial count did not show a 

certain trend in the area and radioactivity of the truncation 

portion. These results may be related to the poor uniformity of 

OSEM observed in the cylindrical phantom. 

In the polar map of FBP, an increased % uptake was observed 

in a3 for the HL radioactivity ratio 1:0.25 and in a2 and a3 for 

HL radioactivity ratios 1:0.5 and 1:1.0 compared with those in 

the reference data. The number of segments tended to increase 

from the septal side with a larger area and a higher 

radioactivity concentration of the truncation portion.  The  

anthropomorphic torso phantom used  in  this  study  was  

tilted  so  that  the  heart and liver were in  the same slice on   

the transverse image. Thus, the transverse image of the 

myocardium became a similar image to the short- axis image 

(Fig. 3). The truncated liver tissue was the septal side of the 

myocardium. Accordingly, we speculate that the segment of % 

uptake, which was different from that of the reference data, 

occurred on the septal side. In the polar map of OSEM, similar 

to that of FBP, different % uptakes were observed in a2 and a3 

for the HL radioactivity ratios 1:0.25, 1:0.5, and 1:1.0 compared 

with those in the reference data.  However,  the  %  uptake  of  

the  segment  not  only  increased  but  also  decreased 

compared to those in the reference data. Laiush et al. reported 

that the % bias was negative on the septal, the inferior and 

lateral sides in OSEM in the truncation data of the liver 

compared with those in the data without truncation [9]. We 

speculate that these phenomena are characteristic of OSEM for 

truncation data. In the cylindrical phantom, the radioactivity 

concentrations inside and outside the FOV of the truncation 

data were similar. On the other hand, the anthropomorphic 

torso phantom had a larger liver as the truncation portion. 

Even if the radioactivity concentration in the liver was lower 

than that in the heart, the count per pixel of the truncated liver 

was higher than that in the heart (For example, the liver-to-

myocardium count ratio per pixel was 2.32 ± 0.22 for the HL 

radioactivity ratio 1:0.5, Fig.3). In OSEM, we assume that the 
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decrease in uniformity observed in the cylindrical phantom 

may have been further enhanced in the anthropomorphic torso 

phantom.  

For all of these reasons, in FBP, if the area of the truncation is 

< 17.5% (a1 of the anthropomorphic torso phantom) and the 

count of the liver is lower than that in the myocardium on the 

anterior view of the projection data, we think that the 

truncated projection data do not affect the myocardial image. 

However, in OSEM, even if the radioactivity concentration in 

the truncated liver tissue is lower than that in FBP, the 

myocardial count may be affected (HL activity ratio 1:0.25 of 

OSEM in Fig.7). When performing quantitative assessments, 

such as coronary blood flow reserve measurements using 

OSEM [15, 16], it should be used for data without truncation. 

Even if the radioactivity concentration in the truncation 

portion is high, when the area of truncation is ≤ 17.5%, a 

change in the polar map is not recognized in both FBP and 

OSEM compared with those in the data without truncation. In 

contrast, when the area of truncation is > 17.5%, the polar map 

differs from those in the reference data with a larger area and 

a higher radioactivity concentration of truncation portion. Our 

results suggest   that the increase or decrease of   %   uptake   in   

the truncation data   depends on   the reconstruction method. 

Although zooming acquisition is useful for improving spatial 

resolution of children and patients with a small heart [2], the 

acquisition may truncate a patient’s body contour. Image 

reconstructed by truncated projection data on myocardial 

perfusion SPECT has been considered to be inaccurate. It has 

been well documented that truncation of the heart in 

projection data produces artifacts in the reconstructed 

myocardial image [17, 18]. However, if there is no truncation 

of the heart, to date, it is unclear how much truncation (area 

and radioactivity) would affect myocardial image. Based on  

the results of this study, it suggests that if the area of truncation 

is < 17.5% and the count of the truncation portion (including 

bowels and liver) is lower than the myocardial count, if using 

FBP, the myocardial image is not affected by the truncation 

artifact. 

4.1 Limitations 

This study has several limitations. We used only a 180° orbit 

acquisition. Corrections such as scatter, attenuation, and 

collimator aperture were not used. There is a possibility that 

the result may be different by a 360° orbit. The present 

experimental results were obtained using cylindrical and 

anthropomorphic torso phantoms. Further clinical studies on 

patients are needed to confirm the validity of our results in 

clinical practice, particularly for children, and patients with a 

small heart. 

 

 

5. CONCLUSION 

We investigated the effect of truncated projection data on the 

myocardial image in myocardial perfusion SPECT using 

cylindrical and anthropomorphic torso phantoms for FBP and 

OSEM. The findings indicated that a prerequisite for truncation 

data and image reconstruction methods would not affect the 

myocardial image, when the area of truncation was < 17.5% 

and the count of the truncation portion was lower than that in 

the myocardium using FBP. The authors declare no conflicts of 

interest. 

6. FIGURE LEGENDS 

 

 

Fig.1 Phantom diameter of the reference image (A) and the 

truncation image (B) in the FOV. 

a. Cylindrical phantom. b. Anthropomorphic torso phantom. 
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Fig.2 Transverse images of the cylindrical phantom (a) and 

anthropomorphic torso phantom (b) of the HL radioactivity 

ratio 1:0:5 

 

Fig.3 Projection data for the anterior view of the 

anthropomorphic torso phantom. 

 

Fig.4 Rectangular region of interest on the cylindrical phantom 

for uniformity 

a. Reference image. b. Truncation image. 

 

Fig.5 Count profile curves of the cylindrical phantom. The 

count profile curves were normalized to the maximum count of 

the phantom edge on the opposite side of the truncation. 

Larger fluctuation was observed in truncation data of OSEM 

(arrows). 

 

Fig.6 The CVs of the cylindrical phantom 

 

 

  Fig 7. Results of the myocardial count. In FBP, the myocardial 

counts tended to increase with a larger area and a higher 

radioactivity concentration of the truncation portion. In OSEM, 

this tendency was not observed. 
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Fig.8 The % uptake of polar map. Dotted and hatched areas are 

assigned to increase and decrease segment of truncated data 

compared with reference data. 
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