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ABSTRACT  

This study compared the DNM-530c (GE Healthcare) and DSPECT (Biosensors International) using cadmium zinc telluride 

(CZT) detectors to a conventional Anger camera with cardiofocal collimators (Symbia IQ, Siemens) for left ventricular (LV) 

function assessment in phantom and patients. Methods: The Amsterdam gated (AGATE) dynamic cardiac phantom 

(Vanderwilt techniques, Boxtel, The Netherlands) was used. Eighteen acquisitions were processed on each CZT and Anger 

(IQ SPECT) camera. The total number of counts varied from 0.25 kcts to 1.5 Mcts within a myocardial VOI. Ejection 

fraction (EF) was set to 33%, 45% or 60%. Volumes, ejection fraction (LVEF), regional wall thickening and motion (17-

segment model) were assessed using QGS (Cedars-Sinaï). One hundred and twenty patients with low pretest likelihood of 

coronary artery disease and normal stress perfusion SPECT were retrospectively analyzed to provide the normal limits for 

EDV, ESV, EF and regional function for each camera model. Results: In the phantom study, for each EF value, volumes were 

higher using the DNM-530c and DSPECT cameras compared to IQ SPECT, resulting in decreased but more accurate LVEF 

(all P<0.001). In clinical data, body-surface indexed ventricular volumes were higher using the DNM-530c compared to 

DSPECT and IQ SPECT [respectively EDVi (mL/m2): 40.5±9.2, 37±7.9 and 35.8±6.8 (P<0.001), ESVi (mL/m2): 12.5±5.3, 

9.4±4.2 and 8.3±4.4 (P<0.001)], resulting in a significantly decreased LVEF (%): 70.3±9.1 vs. 75.2±8.1 vs. 77.8±9.3 (p 

<0.001). Conclusion: New CZT cameras yielded different results of global LV function compared to Anger camera with 

cardiofocal collimators. In our study, LV volumes were higher using the DNM 530c compared to DSPECT and IQ SPECT, 

leading to decreased LVEF in normal subjects. These differences should be taken into account in clinical practice and warrant 

the collection of specific normal database. 
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INTRODUCTION 

Myocardial perfusion imaging is extensively used in patients with known or suspected coronary artery disease. In addition, 

the measurement of left ventricular ejection fraction (LVEF), end diastolic (EDV) and end systolic volumes (ESV) using 

gated single photon computed tomography (SPECT) has been widely validated in comparison to other imaging techniques 

(1,2) and is commonly used for prognosis assessment and clinical decision making (3). Moreover, it has been demonstrated 

that the normal limits of left ventricular (LV) function are gender-specific but do not depend on tracer or acquisition camera 

when using conventional Anger cameras (4) suggesting equivalency for patient management. 

New cadmium-zinc-telluride (CZT) dedicated gamma cameras revealed a new step in SPECT myocardial perfusion 

imaging. These cameras led to a reduced imaging time (5) and patients radiation exposure (6,7) but are not equivalent in 

terms of count sensitivity and spatial resolution, leading to images with different sharpnesses and contrast-to-noise ratios in 

clinical practice (8). Previous publications have validated the performance and results of these cameras versus conventional 

Anger camera in clinical practice (9,10) but recent data demonstrated that quantitative gated SPECT using CZT cameras 

overestimates left ventricular volumes, leading to lower LVEF values in normal patients compared to Anger models (11). This 

is likely related to the increased spatial resolution, a condition that also significantly impacts on the assessment of segmental 

wall motion and thickening (12,13). Alternatively, IQ SPECT with multifocal collimators, can be plugged-in on multipurpose 

cameras, offering a favorable performance regarding sensitivity and contrast-to-noise ratio when compared with conventional 

Anger cameras equipped with low-energy and high-resolution collimators (14).  

As commercially available CZT cameras and IQ SPECT systems have different characteristics in terms of sensitivity 

and spatial resolution, it remains unclear whether the type of these new cameras may impact on the assessment of LV 

volumes and ejection fraction. Consequently, the aim of this study was to perform a head-to-head comparison of left 

ventricular function assessment using commercially available CZT and IQ SPECT systems with a dynamic cardiac phantom, 

and to confirm the phantom-based results by a retrospective analysis of data acquired in patients with low pretest likelihood 

of coronary artery disease. 

 

MATERIALS AND METHODS 
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Gamma cameras and collimation systems 

We used successively (i) a Discovery NM 530c (Alcyone, GE Healthcare, Milwaukee, WI, USA) equipped with a 

multiple pinhole collimator and 19 stationary CZT detectors which simultaneously image 19 cardiac views, each detector 

being composed of pixelated 5-mm thick (matrix 70 x70; pixel size 2.46 x 2.46 mm) elements (15) (ii) a DSPECT 

(Biosensors International) operating with 9 mobile blocks of pixelated CZT detectors (pixel size 2.46 x 2.46 mm) associated 

with a wide-angle square-hole tungsten collimator, recording a total of 120 projections by each block (16) and (iii) a IQ 

SPECT system with a high-sensitivity astigmatic collimator involving a convergent geometry for the image center and 

parallel holes for the edges connected to a Symbia camera (Siemens Medical Solutions, Erlangen, Germany), using a circular 

rotation (28-cm radius) and centered on the heart (128x128 matrix) (14). All SPECT dataset (phantom and patients) were 

acquired and reconstructed using the parameters currently recommended for clinical routine by each manufacturer, leading to 

a reconstructed pixel size of 4 x 4 x4, 4.92 x 4.92 x 4.92, and 4.8 x 4.8 x 4.8 mm respectively for Discovery NM 530c 

(DNM), DSPECT, and IQ SPECT. No attenuation correction was performed. 

 

Dynamic Phantom study 

We used the Amsterdam gated (AGATE) dynamic phantom (Vanderwilt techniques, Boxtel, The Netherlands) as a 

reference for volumes and LVEF measurements (17). This phantom is a realistic 3D water-filled torso with two thin 

membranes simulating endocardial and epicardial walls with known ventricular volumes and ejection fraction (Fig. 1). The 

lumen between these membranes was filled with a pertechnetate solution (50 kBq/mL) simulating a myocardial wall. The 

cardiac phantom stroke volume is controlled by a programmable adjustable pumping system, and an ECG triggered signal is 

produced at a constant heart rate. Eighteen acquisitions were performed on each CZT camera and IQ SPECT, with counting 

stop conditions varying from 0.25 Kcts, 0.5 Kcts, 0.75 Kcts, 1 Mcts, 1.25 Mcts and 1.5 Mcts within a myocardial VOI. LVEF 

was set by the adjustable pumping system (17) to 33% and 45% to mimic LV dysfunction or to 60% to simulate normal LV 

function. The acquisition parameters were as follows: 70 x 70 matrix for the DNM system, 64 x 64 for the DSPECT with a 

total of 120 projections recorded by each block in the heart area being defined on a short prescan acquisition (18) and 128 x 

128 matrix with 30 projections over 180° and 30 seconds per projection for the Anger IQ SPECT camera. The energy 

window was 140 keV ± 10% for all cameras. 



- 5 - 
 

Clinical data 

We retrospectively analyzed post-stress acquisitions acquired in 120 consecutive patients referred to our Nuclear 

Medicine departments for a routine evaluation of myocardial perfusion with low pretest likelihood of coronary artery disease 

and normal stress only perfusion SPECT. Image dataset from Discovery NM were collected at Clinique du Bois (n=40, Lille, 

France), from DSPECT at Centre Hospitalier Universitaire de Caen (n=20, Caen, France) and Centre Jean Perrin (n=20, 

Clermont-Ferrand, France), and from IQ SPECT at Centre Hospitalier Universitaire de Nantes (n=20, Nantes, France) and 

Centre Hospitalier Universitaire Rangueil (n=20, Toulouse, France). Dicom stored dataset from 10 men and 10 women were 

retrieved for each camera and for both 99mTc-sestamibi and 99mTc-tetrofosmin to provide the normal limits for ventricular 

ejection EDV, ESV and LVEF, regional motion and thickening for each camera model. For all cameras, we used the 

reconstruction parameters as recommended by each vendor. For the DNM model, a Butterworth postprocessing filter 

(frequency, 0.37; order, 7) was applied to the reconstructed axial slices, which were subsequently reformatted in the standard 

cardiac axis for analysis. For the DSPECT, a specific algorithm for iterative reconstruction (4 iterations) is used to 

compensate for the collimator-related loss in spatial resolution (16) and IQ SPECT images were routinely reconstructed using 

a 3-dimensional iterative algorithm (6 iterations, 4 subsets)with correction for the geometry of the astigmatic collimator 

(Flash 3D) and a post-reconstruction filter (Gaussian, FWHM 8.4 mm). Ventricular volumes were indexed to body area for 

each patient (EDVi and ESVi) and patients’ characteristics were collected from hospital records. All reconstructed dataset 

were stored in dicom format and subsequently processed by the QGS package (QGS 2008, Cedars Sinai, Los Angeles, CA) 

running on a Spectrum Dynamics workstation (Caesarea, Israel) and using a 17-segment model for regional myocardial wall 

thickening and motion analysis (19). All images were anonymized, and our ethics committee (Comité de Protection des 

Personnes Nord-Ouest III, Caen, France) approved this retrospective study and the requirement to obtain informed consent 

was waived. 

 

Statistical Analysis 

Continuous variables are presented as mean ± standard deviation. The Shapiro–Wilk test of normality was used to 

assess the normality of continuous variables. We used a multivariate analysis of variance (MANOVA) with post-hoc 

comparison of means (Tukey’s test) or Kruskal-Wallis test when appropriate for global comparison between the three 
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cameras. The reproducibility between the Discovery NM, DSPECT and IQ SPECT for the measurement of EDV, ESV, and 

LVEF using the Agate phantom was tested using one-way random intraclass correlation coefficients (20). All statistical 

analyses were performed using R software (R Foundation for Statistical Computing, version 3.1.2, Vienna, Austria). A P-

value < 0.05 was considered statistically significant. 

 

RESULTS 

Phantom study 

The mean values of overall EDV, ESV, and LVEF, thickening and motion obtained using the Agate phantom with 

DNM 530c, D-SPECT and IQ SPECT are shown in Fig. 2. Measured phantom volumes were higher and EF lower using the 

DNM 530c compared to DSPECT and IQ SPECT. Using the phantom set up with a normal ventricular function (EF= 60%) or 

decreased LVEF (EF= 45% or 33%), there was a significant difference between cameras for EDV, ESV and EF (all P-values 

<0.05, see Fig. 2). There was no impact of count statistics on EDV, ESV and EF, whatever the camera model. 

 

Clinical data 

 GLOBAL LEFT VENTRICULAR FUNCTION. Data obtained from 60 men (mean age 57.7±10.9 y) and 60 women 

(mean age 63.1±13.3 y) without evidence of heart disease were retrospectively assessed. As for phantom data, normal LV 

volumes were higher using the DNM 530c compared to DSPECT and IQ SPECT, respectively EDVi (mL/m2): 40.5±9.2 vs. 

37±7.9 vs. 35.8±6.8 (global P-value <0.001), ESVi (mL/m2): 12.5±5.3 vs. 9.4±4.2 vs. 8.3±4.4 (global P-value <0.001), 

resulting in a significantly decreased LVEF (%): 70.3±9.1 vs. 75.2±8.1 vs. 77.8±9.3 (global P-value <0.001). For ESVi, EDVi 

and LVEF, MANOVA showed a significant effect of sex and camera (P<0.05). No effect of tracer (99mTc-tetrofosmin vs. 

99mTc-sestamibi) was observed (p=NS), and clinical data from each tracer were pooled together for subsequent analyses. 

Results are presented in Fig. 3 and the mean values of EDVi, ESVi, and LVEF obtained from each camera according to 

gender are shown in Table 1. 



- 7 - 
 

 SEGMENTAL WALL THICKENING AND MOTION. The assessment of segmental left ventricular function yielded 

lower mean values with the DNM 530c compared to DSPECT and IQ SPECT. Mean values for motion were respectively: 

8.6±1.4 mm (DNM 530c), 9.1±1.5 mm (DSPECT) and 10.1±1.9 mm (IQ SPECT, global P-value <0.001), and mean values 

for thickening were 49.1±12.2 % (DNM 530c), 56.9±13 % (DSPECT) and 58±15.1 % (IQ SPECT, global P-value <0.05). 

Results are presented in Fig. 4. 

 

DISCUSSION 

The phantom study demonstrated that estimated LV volumes were different between the 3 systems, especially for 

ESV, leading to significant differences in normal or decreased LVEF values. The estimated volumes were increased when 

assessed using CZT camera, likely due to a better spatial resolution. The phantom study further indicated overestimations of 

normal LVEF values, particularly when using the IQ SPECT system. In patients, the normal values of left ventricular 

function were dependant on the gender and the camera type. 

Global left ventricular function 

The effect of the type of camera on global and segmental function is likely related to spatial resolution. Imbert et al. 

(8)  reported the following classification of measured central spatial resolution, in order of performance: Discovery NM 530c 

(6.7 mm), DSPECT (8.6 mm) and IQ SPECT (15.0 mm). As shown in Fig. 2, our results in the phantom study suggested that 

the overestimation of LVEF was a function of spatial resolution, the overestimation being dramatically limited when using 

CZT cameras compared to IQ SPECT. The QGS algorithm used in this study works in three-dimensional space and is also 

limited by spatial resolution. Germano et al. early reported that a decrease in spatial resolution causes a reduction in estimated 

LV volumes (21). When the end-systolic cavity size approaches the spatial resolution of the system, the partial volume effect 

induces a blurring effect at the myocardial wall edges and QGS miscalculates the endocardial surface, leading to smaller 

volume estimation. Our findings also showed that the increased spatial resolution of CZT-based cameras, by minimizing the 

partial volume effect, resulted in increased volume measurements. 

LV volume measurement may also be affected by reconstruction parameters (22), filtering and zooming (23), and 

absolute ventricular size (24). Clinical and simulation studies have previously reported an underestimation of the LV volume, 
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especially in small hearts (23,25). As the magnitude of underestimation depends on ventricle size, the relative effect is 

different on EDV and ESV calculations, leading to an overestimation of LVEF. Nakajima et al. (25) generated a set of 

mathematical simulations assuming an arbitrary resolution (15.7, 12.1, 9.2, 7.5 and 6.9 mm in full-width at half-maximum). 

In this latter study, the authors demonstrated that the measured-to-true volume ratio was optimized by a higher resolution in 

numerical simulations. In addition, they also showed in a pediatric population that using a zoom during acquisition resulted in 

the same effect on volume assessment. These data suggested that factors favoring spatial resolution, as reconstruction filters 

with a high cut-off frequency, high system resolution and appropriate zooming may improve gated SPECT quantification. 

Sensitivity, contrast to noise ratio, photon scatter and energy resolution may also impact on volumes and function assessment. 

Previous phantom and clinical studies reported a 3-fold improved sensitivity with IQ SPECT, about 4-fold with Discovery 

NM 530c, and nearly 7-fold with DSPECT, and demonstrated different sharpness profiles measured in patients perfusion 

SPECT (8,15). Photon scatter correction and compensation techniques based on energy windowing have been documented 

for improving image quality and volume measurements (26,27). In particular, scattered photons in the main photopeak have a 

greater impact in smaller hearts than in large hearts (28). Although CZT cameras offer a high energy resolution (15), the 

scatter fraction remains similar to what observed with conventional Anger cameras (18). Thus, it remains unclear whether the 

increased resolution could participate to the increased image sharpness with CZT cameras, a condition leading to an easy and 

accurate detection of myocardial edges resulting in increased ventricular volumes compared to Anger camera. 

In patients, the assessment of left ventricular volumes and ejection fraction has been validated against cardiac 

magnetic resonance (CMR) (12,13,29). Using a DNM 530c and the same software package, Giorgetti et al. (29) found 

excellent correlations with the CMR volumes for both EDV (r = 0.92) and ESV (r = 0.95) but with a significant 

underestimation (mean differences: EDV: -33.2 ± 26 mL; ESV: -17.9 ± 20 mL; p < 0.001). However, LVEF was highly 

correlated between CZT and CMR (r = 0.91) with similar values (49 ± 16 % vs. 51 ± 15 in their population for DNM 530c 

vs. CMR respectively). Cochet et al. (13) found similar results and further demonstrated that bias between CZT and CMR for 

the measurement of ESV (but not of EDV or LVEF) was greater in patients exhibiting moderate-to-severe defects. To our 

knowledge, there is no data comparing IQ SPECT to CMR for assessing LV function. However, our findings in patients 

without evidence of heart disease clearly showed that CZT cameras yielded increased LV volumes and decreased ejection 

fractions compared to IQ SPECT. As previously documented (30,31), gender-related differences were observed 

independently of the camera type. These results are in agreement with recent findings by Miao (11) who reported in a study 
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conducted in a normal population that measurements with a DNM 530c were significantly increased from those obtained by a 

dual-headed conventional gamma camera for EDVi and ESVi in both men and women. Our results further emphasized that 

the two commercially available CZT cameras provided different estimates of LV volumes, when assessed by means of QGS. 

Segmental left ventricular function 

Due to partial volume effect, a change in object size, as observed during myocardial contraction, results in changes 

in the apparent count density and is identified by a systolic increase in brightness. This method based on count density is 

widely used for assessing regional myocardial function with gated SPECT, but the exact quantification of the wall thickening 

remains limited (32). We previously demonstrated that the increased spatial resolution provided by CZT-based detectors may 

lead to an underestimation of regional myocardial wall thickening under hypertrophic conditions (12). In contrast, myocardial 

wall motion showed a higher agreement with cardiac MR than wall thickening (12,13). The present study demonstrated that 

regional myocardial wall thickening was decreased using the DNM 530c compared to the DSPECT, while there was no 

significant difference in terms of myocardial wall motion. These results support the usage of wall motion for the assessment 

of segmental ventricular function using CZT cameras. 

 

 

STUDY LIMITATIONS 

This study was performed using post-stress acquisitions, and does not provide information on rest perfusion scans. 

Due to the retrospective design of the patient study, we collected normal data from French centers that commonly use a stress 

only protocol (33). In these centers, patients with low likelihood of coronary artery disease and normal stress perfusion scans 

are discharged without performing the rest examination, resulting in a dramatically decreased radiation exposure. 

Consequently, this study was not able to assess the impact of camera type on transient ischemic dilation or myocardial 

stunning. Second, only a single reconstruction approach was used for each camera and it is uncertain whether or not our 

findings will apply to different reconstruction/filtering algorithms. Third, only one type of software was used (QGS). 

Methods based on statistical analysis of the distribution of count density, and not on edge detection, would significantly 

impact on volumes and EF measurements compared to QGS and other methods based on endocardial surface detection 

(34,35). Therefore, the repeatability of our results using postprocessing methods avoiding edge detection is uncertain. 
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CONCLUSION 

The different technical characteristics of commercially available CZT cameras (DNM 530c and DSPECT) and of a 

conventional camera equipped with an astigmatic collimator (IQ SPECT) resulted in different estimates of left ventricular 

function, when using QGS for 3-dimensional edge detection. These results confirm the need for gender- and camera-

normative values for left ventricular function parameters. 
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FIGURE 1: The Agate Dynamic Phantom. 
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FIGURE 2: Comparison for phantom acquisitions of EDV, ESV and LVEF mean values for each camera for LVEF=33% 

(upper row), LVEF=45% and LVEF=60% (lower row). The horizontal line of Tukey’s box marks the median of the samples 

while the hinges of each box represent the 25th and 75th percentiles. The error bars extending above and below each box show 

the range of values that fall within 1.5 s.d. of the hinges. All P <0.05. 
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FIGURE 3: Comparison for patients study of EDVi (mL/m²), ESVi (mL/m²) and LVEF (%) for each camera. The horizontal 

line in the middle of a Tukey’s box marks the median of the samples while the hinges of each box represent the 25th and 75th 

percentiles. The vertical lines extending above and below each box show the range of values that fall within 1.5 s.d. of the 

hinges. *P<0.05 for DNM vs. DSPECT and IQ. 
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FIGURE 4: Comparison of wall motion (mm) and thickening (%) mean values obtained in patients with each camera 

(*P<0.05 vs. other cameras). 

 

 

 



 DNM DSPECT IQ SPECT 

 Female Male Female Male Female Male 

Age (years) 
64.4±14.6  

(20-83) 
59.5±9.7 
(38-78) 

61.6±14.2*  

(31-82) 

51.6±10§  

(30-65) 

63.1±11.4  
(33-81) 

61.8±10.8§ 

(37-78) 

BMI (kg/m²) 
27.8±5.7  

(19.5-42.5) 
27.1±3  

(22.5-32.4) 
31.1±8.3  

(19.5-45.9) 
28.5±5.9  
(21-45.9) 

28.4±7.8  
(18.7-50.7) 

31.8±7.1  
(18-43.8) 

EDV (mL) 
68±5.8*  

(43-100) 

86.5±20.2‡  

(48-138) 

58.2±11.4*  

(41-83) 

82.5±10.7  
(62-105) 

62.9±14.2*  

(39-87) 

78.4±19.4‡ 

(50-115) 

EDVi (mL/m2) 38±8.6  
(23.8-56.1) 

43.1±9.3‡  

(23.5-64.7) 

32.5±6.9*  

(20.9-46.8) 

41.5±6.2  
(30.5-53.3) 

35±6.1  
(26.1-45.9) 

38.2±9.3‡  

(24-55.4) 

ESV (mL) 
18.2±8.8*  

(4-35) 

29.9±10.7‡  

(15-58) 

12.9±6.2*  

(4-26) 

23.1±7.2  
(13-37) 

13.7±8.8  
(1-30) 

21.9±12.4‡ 

(5-55) 

ESVi (mL/m2) 
10.1±4.6*  

(2.2-19.3) 

14.9±5‡  

(8.4-25.8) 

7.1±3.3*  

(2.2-13.2) 

11.6±3.8  
(7-20) 

7.4±4.5  
(1-15.7) 

10.6±6‡  

(3-25.7) 

LVEF (%) 
74.6±9.3*  

(58-92) 

65.9±6.5†‡  

(58-78) 

78.5±7.6*  

(63-90) 

71.9±7.4†  

(57-83) 

79.6±10  
(62-97) 

73.8±10.1‡ 

(52-92) 

Motion (mm) 
9±1.5‡  

(6.7-11.9) 

8.3±1.1‡  

(6.7-10.3) 

9.4±1.5  
(6.3-12.3) 

8.7±1.4  
(6.4-11.1) 

10.6±2.2‡  

(7-16.6) 

9.4±1.7‡  

(6.6-13.4) 

Thickening (%) 
53.8±13.4*  

(35.8-79.1) 

44.4±8.9‡  

(34.7-63.1) 

58.9±13.3  
(33-92.6) 

54.9±12.7§  

(35.2-79) 

62.2±17.3  
(36.9-113.1) 

51.9±12.8‡§ 

(32-81.1) 
 

TABLE 1: Clinical results for each camera model expressed as: mean±SD (min-max). *P< 0.05 vs. male gender using the 

same camera, † P<0.05 DNM vs. DSPECT,  

‡ P<0.05 DNM vs. IQ SPECT, § P<0.05 DSPECT vs. IQ SPECT within the same gender. 

 


