
 

 

 
Abstract— This work presents a method to obtain 

automatically the cardiac gating signal in a PET study of rats, by 
employing the variation with time of the counts in the cardiac 
region, that can be extracted from list-mode data. In an initial 
step, the cardiac region is identified in the image space by 
backward-projecting a small fraction of the acquired data and 
studying the variation with time of the counts in each voxel inside 
said region, with frequencies within 2 and 8 Hz. The region 
obtained corresponds accurately to the left-ventricle of the heart 
of the rat. In a second step, the lines-of-response (LORs) 
connected with this region are found by forward-projecting this 
region. The  time variation of the number of counts in these 
LORs contains the cardiac motion information that we want to 
extract. This variation of counts with time is band-pass filtered to 
reduce noise, and the time signal so obtained is used to create the 
gating signal. The result was compared with a cardiac gating 
signal obtained from an ECG acquired simultaneously to the 
PET study.  Reconstructed gated images obtained from both 
gating information are similar. The method proposed 
demonstrates that valid cardiac gating signals can be obtained 
for rats from PET list-mode data.  
 

Index Terms— Image reconstruction, Positron emission 
tomography, Cardiac Gating, self-gating, automatic gating, list 
mode data 

I. INTRODUCTION 
ARDIAC motion blurs  PET imaging of the heart, 

which causes a degradation of spatial resolution. This 
leads to incorrect SUV values and inaccurate quantitative 
measurements. It is especially important when a ROI in the 
left ventricle is used to obtain the blood input function [1].  

Cardiac and respiratory gating has been used for years in 
humans [2] and small animal PET scanners [1,3]. In these 
studies, cardiac motion was estimated by hardware-based 
mechanisms, recording for instance ECG signals and volume 
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changes. However, this additional equipment may not be 
available or may not work properly, and thus, it would be 
highly desirable to reconstruct an adequate cardiac gating 
signal without any additional equipment.  

Automatic gated motion detection has been proposed to 
correct for cardiac and respiratory motion in humans [4-7]. In 
these works, in order to estimate respiratory and cardiac 
motions, the variation of the number of counts with time was 
studied in the whole acquisition [4], as a function of the counts 
in a few axial slices [5], as a function of counts in some voxels 
of the reconstructed images [6], or as a function of counts in 
large sinogram bins [7].  

However, to the best of our knowledge, these kind of 
automatic cardiac gating methods have not been applied yet to 
small animal PET acquisitions. Cardiac frequency of rats, of 
the order of 4 Hz, is significantly higher than human one. This 
implies that the number of counts detected in each cycle is 
small, and thus the determination of the cardiac motion is 
more challenging than for human PET acquisitions. 

In this work, we present the results of a cardiac-gated study 
of a rat obtained without any external signal, performed with 
the ARGUS scanner [8], a small animal PET scanner that 
achieves a resolution of 1 mm with iterative reconstruction 
[9]. This demonstrates the ability of performing cardiac gating 
in rats based only on list-mode PET data.  

Due to the low number of coincidences acquired in each 
cardiac cycle, it was necessary a precise selection of the region 
with the most significant variations in the expected heartbeat 
frequencies (left ventricle). In these small-animal acquisitions, 
we were unable to employ methods based on the variation of 
counts in the whole acquisition or on each slice, because they 
do not provide enough signal-to-noise ratio (SNR) to 
determine the cardiac motion. 

The proposed procedure for obtaining the cardiac gating 
signal is general and may be applied to other PET scanners, as 
long as their sensitivity is high enough to collect enough 
number of counts in each heartbeat. 

II. MATERIALS AND METHODS 

A. Data Acquisition 
The data was acquired with the high-resolution small-animal 

PET scanner ARGUS [8]. This scanner acquires data in list-
mode files that are by default stored as LOR-histogram files 
[10]. Nevertheless, it may also acquire and store data for 
dynamic and gated acquisitions in list-mode files. These files 
store the LOR number, which defines crystal detector pair, for 
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D. Validation of the Results 
The dependence of the quality of the automatic location of 

the cardiac region on the length of data used was studied via 
the detectability of the cardiac region defined based on the 
Rose model of statistical detection as [12]: 
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  (2) 

where C is the average value in the cardiac region, B is the 
mean background evaluated 10 mm away from the cardiac 
region and B is the background standard deviation. 

In order to validate the method, the resulting gated signal 
was compared to the one obtained with an external cardiac 
signal, which can be considered as gold standard. The external 
signal was acquired by equipment specifically developed to 
record and analyze the ECG signal from small animal and to 
yield the binary gate signal indicating the beginning of every 
cardiac cycle. This external gate is also available in the data 
acquired in this work.  

Thus, gated-data based on this external signal or with the  
self gate obtained with the method proposed in this work, were 
reconstructed. The resulting images are shown in Fig. 5. 

III. RESULTS 
 The frequency spectrum for the counts of a voxel located in 

the left ventricle is shown in Fig. 2. It can be seen that, due to 
cardiac motion, there is a clear peak at around 4 Hz. This peak 
is not present in voxels far from the cardiac region other. The 
position and width of this peak corresponds to the ones seen  
in the spectrum of the external ECG gating signal. 

 

 
 
Fig. 2.  Frequency spectrum of the counts in a voxel in the left-ventricle (left), 
obtained with the procedure described in this work, and  from the external 
ECG gating signal (right). 
 

The results from the method outlined in this work to locate 
the cardiac region can be seen in Fig. 3. On the left, the image 
obtained from the CM-SNR in each voxel is shown. In the 
center, a reconstructed low-resolution FBP image obtained 
with the same data used to locate the heart is displayed. On the 
right, the FBP image is shown combined with the SNR image 
after being segmented with a threshold. It can be seen that the 
region with highest CM-SNR correspond to the left ventricle. 

The impact on the ability of identifying the cardiac region 
of the number of data used, is shown in Fig. 4, where the 
detectability of the cardiac region, as defined in (2), increases 
with the number of data. In the first case (A), 500 time bins of 
33 ms were used. The detectability is then 1.1, which indicates 
that the cardiac region could only be detected with difficulty. 

In the second case (B), the number of time bins  is 1000 and in 
this case, the resulting detectability is 6.4, high enough to 
identify the heart adequately. In the last case (C), with 4000 
time bins (132 seconds of acquisition), the detectability jumps 
to 24.3.   

 

 
 
Fig. 3. Low-resolution image with the CM-SNR values, which gives the 
location of the cardiac region (left), low-resolution FBP image obtained from 
a small fraction of the data (center), and both images combined with the 
threshold applied to segment the cardiac region (right). In the three cases, 
transverse (above) and coronal (below) views of the images are shown. 

 

 
               ( A )                                   (B)                                      (C)         
 
Fig. 4.  Detectability of the cardiac region as a function of the number of time 
bins of 33 ms taken for the analysis.. 500 bins (A), 1000 bins (B), and 4000 
bins (C).In the three cases, the transverse (above) and coronal (below) view of 
the images are shown.  

 
Finally, the images reconstructed with the 3D-OSEM 

iterative reconstruction software FIRST, gated with the 
external signal and with the method proposed in this work are 
compared in Fig. 5.  

 

 
 

 
 
Fig. 5.  Image reconstructed from five seven frames gated from the external 
ECG signal (top) and from the self-estimated signal (bottom). In both cases,  
transverse (above) and sagittal (below) view of the images are shown. 
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Transverse and sagittal views of each reconstructed gated 

image is shown in Fig. 5. It can be seen that in both cases the 
motion of the heart is adequately frozen.  

IV. CONCLUSIONS 
In this work, an automatic cardiac gating procedure for 

small-animal PET acquisitions is proposed.  The results shown 
here, demonstrate that it is possible to obtain the gating signal 
in a list mode PET acquisition of a rat, simply by studying the 
variation with time of the counts in the cardiac region. 
Furthermore, we propose a procedure to automatically identify 
the heart in the image space by means of fast back-projecting a 
small fraction of the acquired data. This localization procedure 
can be also used for other purposes, such as cardiac 
segmentation. 

These results have been compared with the ones obtained 
with a gating signal from external ECG recording and 
analyzing equipment. The agreement between both sets of 
gated images is very good, with a high correlation between 
them. The method is currently being applied to more 
acquisitions and it is being extended to mice. Automatic 
respiratory motion detection in rats will also be explored in a 
future work. 

This code has been tested with acquisitions from the small-
animal PET scanner ARGUS. This procedure is quite general 
and may be applied to other PET scanners. It only requires 
list-mode data and that the count rate in these studies is high 
enough to have good SNR. 

REFERENCES 
[1] E. Croteau et al., “Quantitative gated PET for the assessment of the left 

ventricular function in small animals,” J. Nucl. Med., vol. 44, pp. 1655-
1661, 2003. 

[2] M. Teräs et al., “Dual-gated cardiac PET - Clinical feasibility study,” 
Eur. J. Nucl. Med. Mol. Imaging, vol. 37, pp.505-516, Sept. 2010. 

[3] Y. Yang, S. Rendig, S. Siegel, D. Newport and S. Cherry, "Cardiac PET 
imaging in mice with simultaneous cardiac and respiratory gating," 
Phys. Med. Biol., vol. 50, pp. 2979-2989, Jun. 2005. 

[4] J. He et al., "Evaluation of geometrical sensitivity for respiratory motion 
gating by GATE and NCAT simulation," Conf. Proc. IEEE Eng. Med. 
Biol. Soc. 2007;1: 4165-4168. 

[5] F. Büther et al., "List Mode-Driven Cardiac and Respiratory Gating in 
PET," J. Nucl. Med., vol. 50, no. 5, pp. 674-681, May 2009. 

[6] A. Kesner et al., "Respiratory Gated PET Derived in a Fully Automated 
Manner From Raw PET Data," IEEE Trans. Nucl. Sci., vol. 56, no. 3, 
pp. 677–687, 2009. 

[7] A. Kesner and C. Kuntner, "A New Fast and Fully Automated Software 
Based Algorithm for Extracting Respiratory Signal from Raw PET Data 
and its Comparison to Other Methods", Med. Phys. vol. 37, no. 10, pp. 
5550-5559, Sept. 2010. 

[8] Y. Wang, J. Seidel, B. M.W. Tsui, J.J. Vaquero and M. G. Pomper, 
"Performance Evaluation of the GE Healthcare eXplore VISTA Dual-
Ring Small-Animal PET Scanner," J. Nucl. Med., vol. 47, no. 11, pp 
1891-1900, 2006. 

[9] J. L. Herraiz et al., “FIRST: Fast Iterative Reconstruction Software for 
(PET) Tomography," Phys. Med. Biol., vol. 51, no. 18, pp. 4547-4565, 
Sep. 2006. 

[10] D. J. Kadrmas, "LOR-OSEM: statistical PET reconstruction from raw 
line-of-response histograms," Phys. Med. Biol. vol. 49 pp. 4731–44, 
2004. 

[11] J.L. Herraiz et al., "Fully 3D GPU PET reconstruction," Nucl. Inst. and 
Meth. in Phys. Res. Sect. A. (In-Press). 

[12] P. Mancosu e al., "4D-PET data sorting into different number of phases: 
a NEMA IQ phantom study," Jour. App. Clin. Med. Phys. vol. 10, no. 4, 
May 2009. 
 
 
 
 
 
 
 
 
 

11th International Meeting on Fully Three-Dimensional Image Reconstruction in Radiology and Nuclear Medicine 209




