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                                                                                        6.2 Patient studies

                                                                6.2.3 Data processing

                                
                    In studiesI,II,IVandV, R waves were detected from the ECG signal by mimicking
 the algorithm introduced by Pan and Tompkins [137]. R-R intervals accepted by
 the SPECT/CT system were identified and used to compute the limits of ECG bins
 according to the forward gating strategy. In studiesIandII, the R-R intervals were
 divided to 16 bins, and in studies IVand V, the R-R intervals were divided to 8
 bins.


In studiesIIandIV, the EBI signal was processed with a fifth-order Butterworth
 low-pass filter using a cutoff frequency of 0.6 Hz. This was done to eliminate the
 cardiogenic component from the signal. This low-pass filtered EBI signal was further
 processed with a moving average filter with 60 seconds wide window to remove
 non-physiological trends. The resulting filtered EBI signal served as the respiratory
 signal in studiesIIandIV.


Dual gating


In study II, respiratory motion compensation was performed with a novel dual
gating method. Instead of considering only the respiratory signal to determine
the respiratory window limits, this retrospective method considers the information
obtained from ECG signal and amplitude information from respiratory signal. The
primary objective of this method is to produce projection images gc for each ECG
bincsuch that each projection angle is imaged for an equal time, and the secondary


V+


I+


I- 


V-Figure 6.4: Electrode configuration used in the patient studies. Polarities of
 current-injecting (I) and voltage-measuring (V) electrode pairs are shown. The


“blank”, red electrodes were used to measure ECG for the cardiac trigger 
 moni-tor, whereas the voltage-measuring electrodes were used to record ECG for the data
 acquisition system.


objective is to minimize respiratory motion. In short, the dual gating method was
 implemented separately for each ECG bincas follows:


1. Time intervals ∆tk (k = 1, 2,. . . ,K) which correspond to the ECG bin c were
 located, whereK is the number of accepted R-R intervals in each projection
 angle.


2. ∀kthe average value ¯Zkof respiratory signal during interval∆tkwas computed


→dataset(∆tk, ¯Zk)Kk=1.


3. The values ¯Zkwere sorted in ascending order→sorted dataset ∆tsortk , ¯ZksortK
 k=1.
 4. The first 50% of time intervals∆tsortk were selected.


The resulting time intervals corresponded to the lowest available respiratory 
 ampli-tude values (Figure 6.5). These values correspond to end-expiratory state, which has
 the longest duration under normal breathing conditions [123].


In study IV, constant amplitude gating was used for respiratory gating, using
 seven equal-sized amplitude windows.


Binning of projection images


In study I, seven sets of ECG-gated projection images were generated, each 
corre-sponding to different relative acquisition time. These acquisition times were defined


Figure 6.5: Dual gating algorithm applied on patient data in studyII. Respiratory
 signal amplitude values are examined to obtain data from as close to end-expiration
 as possible (a), while ECG signal is examined to obtain data only from the acceptable
 R-R intervals (b). Emission data collected during the time intervals shaded with
 teal color are included in the projection image binning. The gray rectangular areas
 represent time intervals during which the gantry rotates to new projection angle.


as 100% (or full-time), 80%, 60%, 50%, 40%, 30% and 20% of the number of accepted
 R-R intervals per projection angle. The matrix size used in the binning was 128×
 128 with pixel size of 4.664 mm; however, these projection images were downfolded
 to 64×64 matrix size before reconstruction to increase signal-to-noise ratio.


In study II, a set of dual-gated projection images was generated, as well as a
 set of ECG-gated projection images using only the first 50% of the accepted R-R
 intervals to set count statistics to match corresponding dual-gated projection images.


Further, in both sets, the projection images equivalent to consecutive ECG bins were
 summed to form 8-frame projection images in addition to the 16-frame projection
 images. These four sets of projection images were binned using the matrix size of 64


× 64 with pixel size of 9.328 mm. In addition, 1-frame dual-gated and ECG-gated
 projection images using the matrix size of 128 × 128 with pixel size of 4.664 mm
 were generated.


In studyIV, the list-mode data were binned using the matrix size of 96 × 96
 with pixel size of 6.22 mm. For each projection angle, 56 projection images were
 generated (7 respiratory windows×8 ECG bins).


In studyV, the list-mode data were binned using the matrix size of 96×96 with
pixel size of 6.22 mm. For patients whose images had an activity ratio (AR; see
Section 6.2.4) of more than 90%, the list-mode data were rebinned such that a part
of the last ECG bin emission data was discarded to yield AR values of 90%, 80%,
70%, 60% and 50%.


Reconstruction


In studyI, all reconstructions were carried out in Hybrid Recon — Cardiology 
 soft-ware (HERMES Medical Solutions, Stockholm, Sweden) using OSEM algorithm 
 (Al-gorithm 1). The projection images were divided to 16 subsets and the al(Al-gorithm was
 run for 5 iterations. The reconstructed images were manually rotated to short-axis
 images and masked to eliminate extracardiac activity. Post-reconstruction Gaussian
 filtering was performed using FWHM of 16.0 mm.


In studyII, the ECG-gated and dual-gated 16-frame and 8-frame image sets were
 reconstructed with Hybrid Recon — Cardiology software using OSEM algorithm
 (Algorithm 1) in the similar way as in study I. The 1-frame image sets were also
 reconstructed with OSEM algorithm, but the post-reconstruction Gaussian filtering
 was performed using FWHM of 11.0 mm.


In studyIV, the images were reconstructed with TOSEM algorithm, RBM-OSEM
 algorithm and JMC-OSEM algorithm in MATLAB environment. In all these 
 re-constructions, CDR was modeled in a manner similar to the phantom experiments
 (Section 6.1.3). Data were divided to 8 subsets and the algorithms were run for 10
 iterations.


In study V, the images were reconstructed with both OSEM algorithm and
 TOSEM algorithm in MATLAB environment. In both algorithms, CDR was 
 mod-eled in a manner similar to the phantom experiments (Section 6.1.3). Data were
 divided to 8 subsets and the algorithms were run for 10 iterations.


For clarity, a summary of the reconstructed patient images is given in Table 6.3.


Table 6.3:Patient images.


Study Gating No. of frames Voxel size Algorithm FWHM of


(mm) Gaussian (mm)


I ECG 16 9.328 OSEM 16.0


II


ECG 16 9.328 OSEM 16.0


Dual 16 9.328 OSEM 16.0


ECG 8 9.328 OSEM 16.0


Dual 8 9.328 OSEM 16.0


ECG 1 4.664 OSEM 11.0


Dual 1 4.664 OSEM 11.0


IV Dual 8 6.22


TOSEM


13.3
 RBM-OSEM


JMC-OSEM


V ECG 8 6.22 OSEM


TOSEM 13.3


6.2.4 Data analysis
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