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Abstract 

Objectives Although the utility of IQ-SPECT imaging using 99mTc and 201Tl 

myocardial perfusion SPECT has been reported, 123I-labeled myocardial 

SPECT has not been fully evaluated. We determined the characteristics and 

utility of 123I IQ-SPECT imaging compared with conventional SPECT (C-5 

SPECT).  

Methods Two myocardial phantom patterns were used to simulate normal 

myocardium and myocardial infarction. SPECT acquisition was performed 

using a hybrid dual-head SPECT/CT system equipped with a SMARTZOOM 

collimator for IQ-SPECT or a low-medium energy general purpose collimator 10 

for C-SPECT. Projection data were reconstructed using ordered subset 

expectation maximization with depth-dependent 3-dimensional resolution 

recovery for C-SPECT and ordered subset conjugate gradient minimizer 

method for IQ-SPECT. Three types of myocardial image were created; namely, 

no correction (NC), with attenuation correction (AC), and with both 15 

attenuation and scatter corrections (ACSC). Five observers visually scored 

the homogeneity of normal myocardium and defect severity of the 

myocardium with inferior defects by a five-point scale: homogeneity scores (5 

= homogeneous to 1 = inhomogeneous) and defect scores (5 = excellent to 1= 

poor). We also created a 17-segment polar map and quantitatively assessed 20 

segmental %uptake using a myocardial phantom with normal findings and 

defects. 

Results The average visual homogeneity scores of the IQ-SPECT with NC and 

ACSC were significantly higher than that of C-SPECT, whereas the average 

visual defect scores of IQ-SPECT with AC and ACSC were significantly lower. 25 

The %uptake of all segments for IQ-SPECT with NC was significantly higher 

than that of C-SPECT. Furthermore, the subtraction of %uptake for C-

SPECT and IQ-SPECT was the largest in inferior wall, which was 

approximately 10.1%, 14.7% and 14.4% for NC, AC and ACSC, respectively. 

The median % uptake values of the inferior wall with defect areas for C-30 
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SPECT and IQ-SPECT were 46.9% and 50.7% with NC, 59.8% and 69.2% with 

AC, and 54.7% and 66.5% with ACSC, respectively 

Conclusion  123I IQ-SPECT imaging significantly improved the attenuation 

artifact compared with C-SPECT imaging. Although the defect detectability 

of IQ-SPECT was inferior to that of C-SPECT, 123I IQ-SPECT images with 5 

NC and ACSC met the criteria for defect detectability. Use of 123I IQ-SPECT 

is suitable for routine examinations. 

 

Keywords IQ-SPECT ・  multi-focus collimator ・  Iodine-123  ・  short 

acquisition ・OSCGM 10 
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Introduction 

 Nuclear cardiac imaging with Iodine-123 (123I) radiopharmaceuticals 

including meta-iodobenzylguandine (MIBG) and beta-methyl-p-

iodophenylpentadecanoic acid (BMIPP) is used in Japan [1]. 123I-MIBG 

imaging reflects the distribution of cardiac sympathetic nerve terminals, and 5 

is widely used for the diagnosis of heart failure [2 – 6], Parkinson's disease [7, 

8] and dementia with Lewy bodies [9 – 13]. 123I-BMIPP imaging reflects the 

distribution of fatty acid metabolism, and is useful for the diagnosis of 

unstable angina, vasospastic angina and Takotsubo cardiomyopathy [14 – 16]. 

However, 123I myocardial imaging using a parallel-hole collimator with an 10 

anger-type single photon emission computed tomography – computed 

tomography (SPECT-CT) (conventional SPECT [C-SPECT]) system is 

routinely conducted in a supine position with the arms raised above the head 

to avoid increased attenuation and to minimize the distance between the 

thorax and camera. In addition, C-SPECT image acquisition requires a long 15 

examination time of 15-20 min. In clinical examination, this is highly 

uncomfortable and sometimes causes deterioration of image quality due to 

patient motion [17 – 18]. To resolve these problems, short-time acquisition 

technology has been proposed [19 – 22]. Recently, the IQ-SPECT imaging 

system has been introduced as a method for short-term acquisition of 20 

myocardial SPECT images, which has been enabled by three technologies: a 

multifocal shaped SMARTZOOM collimator (SZC), rotational orbit around 

the center of the heart, and image reconstruction using the ordered subset 

conjugate gradient minimizer (OSCGM) method [23, 24]. The utility of the 

IQ-SPECT system using technetium-99m (99mTc) and thallium-201 (201Tl) 25 

myocardial perfusion SPECT has been reported in technological and clinical 

studies [25 – 33]. Although simultaneous 99mTc and 123I dual-radionuclide 

myocardial SPECT has been evaluated using Monte Carlo simulations and 

phantom experiment [34], myocardial SPECT with a single 123I-labeled 

radiopharmaceutical has not been fully evaluated. The objective of this study 30 
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was to determine the characteristics and utility of IQ-SPECT imaging with a 

123I agent in comparison to those of C-SPECT. 

 

Material and methods 

Phantom designs 5 

 An anthropomorphic phantom featuring inserts to simulate the lungs, liver, 

left ventricular (LV) wall and LV chamber (Data spectrum Corp., Durham, 

NC, USA) was used in this study. Two myocardial phantoms that simulate 

normal myocardium and myocardial infarction were created. The myocardial 

defect was filled with nonradioactive water to simulate a transmural defect 10 

with rectangular shapes (major axis: 30mm, minor axis: 20 mm) located in 

the mid to basal inferior position in the LV wall (Fig.1). The lung inserts were 

filled with styrofoam beads. The radioactive concentration of the 123I solution 

was 143 kBq/mL for the myocardium, 77 kBq/mL for the liver and 9 kBq/mL 

for both the LV chamber and the mediastinum. The radioactive concentration 15 

ratio of the myocardium, liver, LV chamber and mediastinum was 14, 8, 1 and 

1, respectively, as determined previously [35]. 

 

Acquisition protocols and image reconstruction parameters 

A hybrid dual-head SPECT/CT system (Symbia T6, Siemens, Tokyo, Japan) 20 

equipped with an SZC for IQ-SPECT or a low-medium energy general purpose 

collimator (LMEGP) for C-SPECT was used. The main photo-peak energy 

window of 15% width centered on 159 keV and a contiguous scatter window 

of 15% of the 159 keV photo-peak were set as the upper and lower parameters 

of the main window. The acquisition parameters for C-SPECT were a 64×64 25 

matrix size, 6.6 mm pixel size, zoom factor of 1.45, total of 60 projections, 

circular orbit (radius of rotation: 24 cm) of 360° and center of rotation of 24 

cm. For each detector, thirty views were acquired, and the total acquisition 

time was 20 min (35 sec/view). Meanwhile, the acquisition conditions of IQ-

SPECT were a 128×128 matrix size, 4.8 mm pixel size and zoom factor of one. 30 

The spatial resolution progressively increased from the camera surface to the 
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cardiac sweet-spot at 28 cm, which was set as the center of rotation for this 

study, thereby keeping the LV phantom at the highest magnification 

throughout the acquisition. A scan acquired from the right anterior oblique 

59° to the left posterior oblique 59° with 6° angular steps was used for each 

of the camera heads. For each detector, seventeen views were acquired, and 5 

the total acquisition time was 5 min 23 sec (14 sec/view). The CT scanning 

parameters for both C-SPECT and IQ-SPECT were a slice thickness of 5 mm, 

tube voltage of 130 kVp, tube current–time of 20 mAs, rotation speed of 0.6 

sec/rotation, and scan pitch of 0.8 mm. 

  The projection data for C-SPECT were reconstructed using ordered subset 10 

expectation maximization with depth-dependent 3-dimensional resolution 

recovery (Flash3D; Siemens Healthcare, Erlangen, Germany) [36, 37]. 

Subsets and iterations were 10 and 12, respectively. A Gaussian filter (full 

width at half maximum [FWHM] = 13.2 mm) was used as a post-filter. We 

determined the image reconstruction parameter using Flash3D technology 15 

with reference to a previous study [37].  The IQ-SPECT images were 

reconstructed using the OSCGM method [23, 24]. Subsets and iterations were 

3 and 10, respectively. A Gaussian filter (FWHM 9.6 mm) was used as a post-

filter. The triple energy window method was used for scatter correction (SC). 

The attenuation correction (AC) was applied using a patient-dedicated low-20 

dose CT-derived µ map. The AC and SC were performed for both C-SPECT 

and IQ-SPECT. 

Three types of myocardial images were created; namely, (1) no correction 

(NC) without SC and AC, (2) with AC, and (3) with both AC and SC (ACSC). 

 25 

Data analysis 

Five nuclear cardiology experts each with >15 years’ clinical experience 

visually scored the homogeneity of the normal myocardium on a five-point 

scale (5 = definite homogeneity, 4 = probable homogeneity, 3 = equivocal, 2 = 

probable inhomogeneity, and 1 = definite inhomogeneity) using the 30 

reconstructed C-SPECT and IQ-SPECT images. Moreover, the detectability 
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of defects in the myocardium with inferior wall defects was also assessed 

using a five-point scale (5 = excellent, 4 = good, 3 = equivocal, 2 = bad, 1 = 

poor). Visual homogeneity and defects were confirmed by a score of >4 points. 

We created a 17-segment polar map [16] and quantitatively assessed 

the %uptake of each segment for the myocardial phantom with normal and 5 

inferior wall defects. In addition, the difference of the %uptake in each 

segment between C-SPECT and IQ-SPECT imaging was compared using the 

subtraction polar map, and subsequently, the difference between C-SPECT 

and IQ-SPECT imaging was evaluated by subtraction of the average %uptake 

value. Furthermore, the variation of %uptake in the normal myocardium was 10 

evaluated using the coefficient of variance (CV) percentage. Comparison of 

the myocardium with inferior wall defects by C-SPECT and IQ-SPECT 

imaging was also evaluated by the average %uptake values of the mid and 

basal inferior walls. In addition, the extent of myocardial defects was 

evaluated by the average value of the circumferential count profiles of three 15 

slices for short axial image, which was quantitatively analyzed by the number 

of radians in the three count profiles of <60% for NC, 70% for AC, and ACSC 

of maximal counts, as described previously [29, 32, 38]. We also provided a 

clinical case demonstration to validate the utility of our study, which was 

approved by the institutional ethics committee of our institution. 20 

 Statistical analysis was performed using a statistical package for social 

science (SPSS) software (version 21 for Windows, SPSS Inc., Chicago, IL). The 

visual score of myocardium with normal and inferior wall defects was 

evaluated by Mann Whitney-u test. The %uptake of each segment with 

normal myocardium was examined by paired t-test. All p values less than 25 

0.05 were considered to be statistically significant. 

 

Results 

 The average visual homogeneity scores of the C-SPECT and IQ-SPECT 

normal myocardial images were 2.3 ± 0.7 and 3.3 ± 0.9 with NC, 4.2 ± 0.4 and 30 

4.5 ± 0.5 with AC, and 3.3 ± 0.5 and 4.2 ± 0.6 with ACSC, respectively (Fig.2). 
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The IQ-SPECT score with NC and ACSC was significantly higher than that 

of C-SPECT (p= 0.01 with NC and p= 0.005 with ACSC). Furthermore, the 

AC image scores were significantly higher than the NC image scores (p< 0.001 

with C-SPECT, p= 0.002 with IQ-SPECT), whereas the C-SPECT with ACSC 

score was significantly lower than the C-SPECT with AC score (p= 0.001). 5 

The average visual defect scores for C-SPECT and IQ-SPECT were 4.9 ± 0.3 

and 4.6 ± 0.5 with NC, 4.6 ± 0.5 and 2.8 ± 0.8 with AC and 4.9 ± 0.3 and 4.0 ± 

0.5 with ACSC, respectively (Fig.3). The C-SPECT with AC and ACSC scores 

were significantly higher than those of IQ-SPECT (p< 0.001 with AC, p= 0.001 

with ACSC). The IQ-SPECT with AC image scores was significantly lower 10 

than the IQ-SPECT with NC image score (p< 0.001). However, the ACSC 

images achieved significantly higher visual defect scores than did the AC 

images (p= 0.002). 

The average %uptake values of C-SPECT and IQ-SPECT for all segments 

were 73.8 ± 9.5% and 76.4 ± 8.0% with NC, 86.5 ± 3.6% and 87.6 ± 3.9% with 15 

AC and 83.6 ± 4.4% and 84.1 ± 4% with ACSC, respectively (Fig.4). 

The %uptake of IQ-SPECT with NC was significantly higher than that of C-

SPECT (p= 0.015). Furthermore, the difference in the %uptake between C-

SPECT and IQ-SPECT was the largest in the inferior wall, which was 

approximately 13% among the correction methods. The %CVs of C-SPECT 20 

and IQ-SPECT were 12.9% and 10.4% with NC, 4.2% and 4.4% with AC, and 

5.3% and 4.8 with ACSC, respectively. The %CV of IQ-SPECT with NC was 

lower than that of C-SPECT with NC. 

The median % uptake values of the inferior wall with defect areas (segments 

4 and 10) between C-SPECT and IQ-SPECT were 46.9% and 50.7% with NC, 25 

59.8% and 69.2% with AC, and 54.7% and 66.5% with ACSC, respectively 

(Fig.5). Moreover, IQ-SPECT showed a 4 – 11% higher %uptake value than 

did the C-SPECT. The radians of the inferior defects for C-SPECT and IQ-

SPECT were 1.87 and 1.47 for NC, 1.47 and 0.24 for AC, and 1.66 and 0.76 

for ACSC, respectively (Fig.6). IQ-SPECT with NC, AC and ACSC had a lower 30 

radian value and higher %uptake than did C-SPECT. Figure 7 provides the 



 

9 

 

short axis images with NC, AC, and ACSC of C-SPECT and IQ-SPECT for the 

myocardial phantom with normal findings and the inferior wall defects. 

 

Normal IQ-SPECT distribution in a clinical sample 

 A 54-year-old woman with parkinsonism with akinesia and left-hand tremor 5 

was referred to the neurology department of our hospital due to suspected 

Parkinson’s disease. The present illness had caused sudden deafness and 

spinal canal stenosis >10 years earlier, but diabetes mellitus and cardiac 

disease had not yet developed. Although magnetic resonance imaging, brain 

perfusion SPECT, and electrocardiography one month before and after 123I-10 

MIBG SPECT yielded unremarkable results, dopamine transporter imaging 

indicated a severe decrease in bilateral striatum accumulation. 

 A nuclear medicine physician administered 111 MBq of 123I-MIBG 

(FUJIFILM RI Pharma, Co., Ltd, Tokyo Japan) by intravenous injection. We 

acquired planar images with a LMEGP and IQ-SPECT with SZC after 20 min 15 

(early phase) and 3 h (delay phase), respectively. 

 The reconstructed IQ-SPECT image and polar map with NC and ACSC are 

provided in Fig.8. The heart to mediastinum ratio (HMR) calculated from 

planar imaging was 3.88 for the early phase and 4.45 for the delayed phase. 

The short axis image and vertical long axis images with NC and ACSC in the 20 

early phase had visually almost the same image quality. However, 

the %uptake of ACSC image of the inferolateral wall was slightly higher than 

that of the NC image. Meanwhile, the NC images in the delayed phase 

revealed a mild low %uptake in the inferior and inferolateral walls, and 

the %uptake of the NC image was 6.8 – 12.4% lower than that of the ACSC 25 

image. The patient was diagnosed with normal MIBG uptake by the 

consensus of two nuclear medicine physicians. 

 

Discussion 

IQ-SPECT imaging using a radiopharmaceutical agent labeled with 99mTc or 30 

201Tl can be performed with a scan time or administered dose of one-fourth 
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that of C-SPECT [24, 25]. However, IQ-SPECT using a 123I-labeled 

radiopharmaceutical agent has not been fully evaluated. The nuclear 

cardiology imaging of 123I-labeled BMIPP or MIBG is important for the 

diagnosis of cardiac conditions such as heart failure [2 – 6], unstable angina, 

vasospastic angina and Takotsubo cardiomyopathy [14 – 16]. C-SPECT with 5 

123I-labeled BMIPP or MIBG leads to patient discomfort and motion due to 

long scan time; thus, such diagnostic imaging increases the false-positive or 

false-negative rate due to artifacts. Therefore, the short-term acquisition of 

myocardial SPECT is very important, and the evaluation of the 

characteristics for IQ-SPECT compared to those of C-SPECT is of major 10 

clinical significance. Hence, we performed basic research using 

anthropomorphic phantoms. 

 The defect area of the myocardial phantom was set to the inferior wall. 

Myocardial defects in the inferior wall yielded the most affected scatter and 

attenuation, as reported in a previous study [30, 39]. Therefore, we 15 

determined that the inferior defect would be most appropriate for evaluating 

the effects of AC and SC. Furthermore, we did not evaluate SC but only AC. 

The influence of attenuation and scatter radiation should be simultaneously 

corrected. However, we performed image assessment of AC images. If ACSC 

images differ from NC images in image quality, it is not possible to clarify 20 

whether the cause of the difference in image quality is AC or SC. Therefore, 

we added AC images to determine whether the difference in image quality 

was the effect of AC or SC. 

 The C-SPECT and IQ-SPECT with NC images of the normal myocardium 

obtained low visual homogeneity scores due to attenuation artifacts of the 25 

inferior and inferolateral walls. However, the visual homogeneity score 

and %uptake of IQ-SPECT images with NC obtained a higher value than did 

the C-SPECT images with NC. The attenuation artifacts were improved by 

AC, and the characteristics were similar to those of IQ-SPECT with 99mTc and 

201Tl images [32]. The ACSC IQ-SPECT image had good homogeneity uptake, 30 

whereas the ACSC C-SPECT image achieved a relatively significantly lower 
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homogeneity score due to a mild decrease in the inferolateral wall. The IQ-

SPECT images were obtained with 208° acquisition, while the C-SPECT 

images were obtained with 360° acquisition. The C-SPECT images with 208° 

acquisition using a low-energy high-resolution collimator were found to cause 

the attenuation artifacts in the inferior and inferolateral walls due to missing 5 

data of the peripheral right posterior oblique region as well as an acquisition 

of 180° [40, 41]. Nevertheless, the IQ-SPECT with 208° acquisition had little 

influence on the attenuation artifacts in comparison to that of C-SPECT with 

360° acquisition. We have speculated that this may be associated with the 

specific shape of the SZC. However, we could not accurately conclude the 10 

influence of attenuation artifacts with 123I IQ-SPECT images in our study. 

The collimator design has an important role in the determination of image 

quality. In particular, the 123I radiopharmaceuticals require an appropriate 

collimator in order to enhance the image quality due to the septal penetration 

and down-scatter occurring by γ-rays of 529 keV [42]. Indeed, the defect 15 

detectability of IQ-SPECT was not good compared to that of C-SPECT. We 

hypothesized that the defect detectability of IQ-SPECT was affected by the 

scatter radiation from the liver in addition to the down scatter from septal 

penetration by the SZC. The influence of the septal penetration, down-scatter 

of 529keV, and scatter radiation from the liver by the SZC has not been fully 20 

evaluated. Therefore, future studies should investigate the influence of 

scatter radiation from the liver and septal penetration of the SZC with 123I 

radionuclides.   

The detectability of IQ-SPECT including defect extent and severity was 

inferior to that of C-SPECT. However, the defect score of IQ-SPECT images 25 

with NC and ACSC met the defect score criteria. Therefore, we conclude that 

123I IQ-SPECT that takes advantage of short-term acquisition can be 

clinically applied. To improve the estimation of the defect extent and severity, 

the creation of the normal database (NDB) and the image interpretation of 

combined NC and ACSC images will be beneficial for diagnosis. We have 30 

already created a Japanese NDB by gender with 99mTc and 201Tl IQ-SPECT 
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images to objectively evaluate the typical myocardial distribution for IQ-

SPECT; thus evaluation of the sensitivity, specificity, and accuracy of IQ-

SPECT is possible in the same evaluation as those of C-SPECT [32]. Therefore, 

the NDB with IQ-SPECT of 123I-MIBG and 123I-BMIPP should be created in 

the next study. 5 

In the clinical example, the %uptake of the NC images for both early and 

delayed phases was slightly decreased in the inferolateral wall as well as in 

the phantom study. However, the %uptake of ACSC images was improved in 

the inferolateral wall, while the uptake in the apex was low, and the IQ-

SPECT images with 123I were similar to those with 99mTc and 201Tl agents. 10 

Therefore, IQ-SPECT has a typical myocardial distribution that differs from 

that of C-SPECT with all myocardial radiopharmaceuticals.  

IQ-SPECT using 123I-MIBG is limited in the acquisition of planar imaging. 

The SZC cannot acquire planar images due to the multi-focal shapes. Hence, 

the SZC should be changed to a parallel-hole type to acquire planar images. 15 

The series of operations including collimator change requires approximately 

10 min, which leads to extension of the examination time and an increase in 

patient discomfort. Anterior planar images must be acquired to calculate the 

HMR to support the diagnosis such as the risk classification of heart failure, 

Parkinson's disease and dementia with Lewy bodies [2 – 13]. Likewise, the D-20 

SPECT system developed by Spectrum Dynamics Medical is also unable to 

acquire planar images. However, the D-SPECT can generate planograms 

such as planar images from D-SPECT data instead of planar image [43]. 

Therefore, IQ-SPECT should also be capable of generating new images 

similar to planar images from IQ-SPECT data to calculate the HMR without 25 

a collimator change. 

 

Conclusion 

123I IQ-SPECT imaging significantly improved the attenuation artifact 

compared with C-SPECT imaging. Although the defect detectability of IQ-30 

SPECT was inferior to that of C-SPECT, 123I IQ-SPECT images with NC and 
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ACSC met the criteria for defect detectability. Finally, 123I IQ-SPECT could 

be used for routine examinations. 
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Figure legends 

 

Figure 1. Structure of myocardial phantom with defects. The transmural 

defect with rectangular shapes was set in the mid to basal inferior position in 

the LV wall. LV, left ventricular 5 
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Figure 2. Visual homogeneity score of both conventional SPECT (C-SPECT) 

and IQ-SPECT for the normal myocardium. NC, no correction; AC, 

attenuation correction; and ACSC, both attenuation and scatter corrections. 
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Figure 3. Visual defect score of both conventional SPECT (C-SPECT) and IQ-

SPECT for the myocardium with inferior wall defects. NC, no correction; AC, 

attenuation correction; and ACSC, both attenuation and scatter corrections. 
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Figure 4. The polar map of conventional SPECT (C-SPECT) and IQ-SPECT 

for the normal myocardium. NC, no correction; AC, attenuation correction; 

and ACSC, both attenuation and scatter corrections. 
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Figure 5. The polar map of conventional SPECT (C-SPECT) and IQ-SPECT 

for the myocardium with inferior wall defects. NC, no correction; AC, 

attenuation correction; and ACSC, both attenuation and scatter corrections. 
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Figure 6. Circumferential count profiles of the short axial image with defect 

area. NC, no correction; AC, attenuation correction; and ACSC, both 

attenuation and scatter corrections; Ant., anterior; Sep., septum; Inf., 

inferior; Lat., lateral. 5 
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Figure 7. The conventional SPECT (C-SPECT) and IQ-SPECT images with 

no correction (NC), attenuation correction (AC) and both attenuation and 

scatter corrections (ACSC) for both myocardial phantoms with normal and 

the inferior wall defects. Computed tomography (CT) images with normal and 5 

inferior defect myocardial phantoms shown as a reference. 
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Figure 8. Clinical images and a polar map of early and delay phases for 123I-

MIBG with NC and ACSC. The (a), (b) and (c) in the Figure show the short 

axis image, vertical long axis image and polar map, respectively. 
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