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In the past few years, myocardial perfusion imaging

has significantly evolved with the development of

semiconductor cadmium-zinc-telluride (CZT) cameras,

leading to a technological jump in this setting. The

hopes raised by this new technology have been sub-

stantial because of the potential to improve energy

resolution and image quality, compared to conventional

Anger cameras.1,2 Unlike the latter cameras, these CZT

cameras use a principle of direct detection where the

interaction of a gamma photon of 140 keV produces

approximately 30,000 electrons, a level 20-fold higher

than that produced by a sparkling NaI(Tl) crystal.3 One

of the most significant consequences is that energy

resolution is improved by a factor of 2, compared with

conventional Anger cameras.

However, the new CZT cameras were also designed

to optimize the acquisition and reconstruction processes

with original software and collimation systems, leading

to a marked enhancement in count sensitivity and spatial

resolution, as confirmed by the article by Zoccarato

et al,4 in this issue of the Journal of Nuclear Cardiology.

Two semiconductor cameras are currently com-

mercialized: the Discovery NM530c camera (GE

Healthcare, Haifa, Israel) and the D.SPECT camera

(Spectrum Dynamics, Caesarea, Israel). Both have a

limited field of view, due to the substantial cost of

semiconductors, and are thus mainly dedicated to car-

diology applications.5,6 These two cameras use the same

type of squared CZT-pixel detector with a surface area

of 2.5 9 2.5 mm2 and a thickness of 5 mm. Conse-

quently, the energy resolution is the same for both

cameras and much better than that of conventional

cameras. These CZT detectors provide a dramatic

improvement in image quality and, in addition, facilitate

dual isotope recordings such as those involving 201Tl

and 99mTc-labeled tracers.7,8

However, the two CZT cameras are based on clearly

different collimation systems. This constitutes the main

reason why the characteristics of the myocardial perfu-

sion images provided by these two cameras are

significantly different, as confirmed by the study of

Zoccarato et al.4

The Discovery NM530c camera is based on a sta-

tionary multi-pinhole collimation system. Each pinhole

has an effective aperture diameter of only 5.1 mm that is

likely to advantage spatial resolution and to disadvan-

tage count sensitivity. However, a high count sensitivity

may be achieved in this instance, by the simultaneous

recording of the heart area through the 19 pinhole-de-

tector blocks.9

The D.SPECT camera uses a very different system

of rotational parallel-hole collimation. It involves 9

rotating columns associated with a wide-angle square-

hole tungsten collimator. This collimator is likely to

advantage count sensitivity although a high level of

spatial resolution can be reached owing to an original

reconstruction method.10

In addition to energy resolution, the main parame-

ters allowing to characterize a gamma camera are (1)

Reprint requests: Laetitia Imbert, PhD, CRAN, UMR 7039, Université
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count sensitivity, (2) spatial resolution, and (3) image

contrast assessed as a function of noise level (contrast/

noise ratio).

Tomographic count sensitivity is a critical physical

parameter on which depends the recording time and the

activity that needs to be injected. Thanks to the high

sensitivities of CZT cameras, it has been possible to

decrease recording times by a factor of 2 whereas the

injected activities have decreased up to a factor of 3,

leading to dramatic improvements in terms of patient

tolerance and radiation doses.11

This tomographic count sensitivity is currently

being determined on reconstructed images from cardiac

phantoms or from a punctual source according to the

ratio of recording counts over actual activity. In patients,

the actual left ventricular activities are unknown but

may be replaced in the formula by the activities which

are injected intravenously.12 The resulting level of the

corresponding parameter is hence around 100-fold lower

than that of the actual sensitivity.13

Among all commercially available gamma-cameras,

the D.SPECT CZT camera is the model showing the

highest tomographic count sensitivity, although no more

than 1% of the emitted photons are actually recorded by

this camera on cardiac phantoms. This percentage is

twofold lower for the Discovery CZT camera, and 7- to

8-fold lower for conventional Anger cameras.12 It

should be emphasized that these differences are unre-

lated to the CZT material, although the quality of this

detection is likely to be higher with CZT detectors, with

a lower proportion of scatter photons. It is indeed the

heart-centric methods of collimation of the two CZT

cameras that likely explain most of their enhanced count

sensitivity when compared with conventional

SPECT.14,15 In this setting, the wide-angle parallel holes

system of the D.SPECT camera is even more gainful

when compared with the multi-pinhole system of the

Discovery NM 530c.

Spatial resolution is a second major performance

parameter. It governs image quality and especially the

sharpness of myocardial borders and the detectability of

perfusion defects. Spatial resolution is moreover a main

determinant of image contrast, the third major perfor-

mance parameter. However, the high noise level of the

SPECT images likely interferes with the detectability of

SPECT defects, independently of the estimated contrast

values. This is why a contrast-to-noise ratio is currently

used for SPECT imaging. It reflects the ability to gen-

erate an image contrast which is not impacted by noise

fluctuations.12

These interdependent parameters of spatial resolu-

tion and image contrast reflect ‘‘image quality’’ and in

all previously published studies, they were consistently

found to be markedly higher on CZT than on

conventional Anger cameras, on both phantom14,15 and

human images.12 In addition, these parameters may be

slightly higher with the Discovery camera than with the

D.SPECT, taking advantage of the pinhole collimation

system. This aspect is, however, not as straightforward

when analyzing the data documented herein by Zoc-

carato et al.4 The authors used an anthropomorphic torso

phantom with a cardiac insert which mimics clinical

conditions except for breathing and cardiac motions.

The performance parameters could then be assessed with

variable count statistics and for the Discovery NM 530c

camera, the impact of attenuation correction could also

be analyzed. One of the major findings was that the

D.SPECT camera exhibited thinner left ventricle walls

and an equivalent myocardial/cavity contrast, compared

to the Discovery NM 530c camera. This could lead to

consider that image quality of the D.SPECT camera is at

least equivalent to that of the Discovery camera.

However, contrary to tomographic count sensitivity,

these contrast and spatial resolution parameters are

highly dependent on the reconstruction parameters. This

is well illustrated by the observation that the D.SPECT

camera is able to provide a higher level of spatial res-

olution than conventional Anger cameras, in spite of a

wide-hole collimation system and owing to a specific

reconstruction algorithm, taking into account the par-

ticularities of this collimator.

Routine reconstruction parameters were used in the

study of Zoccarato et al,4 although it should be kept in

mind that the choice of other reconstruction parameters

could have impacted their results. Indeed, according to

the choice of reconstruction parameters, there is a bal-

ance between reconstructed noise on the one hand, and

contrast and spatial resolution on the other.

The D.SPECT camera was found in this instance to

exhibit thinner left ventricle walls, compared with the

Discovery NM 530c camera, a property that may be

considered as more favorable in terms of image quality

and for facilitating image interpretation. However, these

thinner walls are also the consequence of a particular

reconstruction system involving a cardiac model.

Therefore, they may be considered to not solely reflect a

high level of spatial resolution.

There is a relative consensus regarding the fact that

the pinhole system of the Discovery camera enables to

reach a slightly higher spatial resolution than the

D.SPECT camera when conventionally determined on

punctual sources,15 as well as when assessed by the

sharpness of the left ventricular images from patients or

phantoms.12 It is however very unlikely that such small

differences may have a significant impact on diagnostic

accuracy. Previous clinical studies have indeed shown

that diagnostic accuracy was high for both cameras.9,10

However, the multi-pinholes system of the Discovery
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camera provides a twofold lower count sensitivity when

compared with the D.SPECT camera, and this obser-

vation can therefore have a significant impact on

recording times and injected activities. In this setting, an

additional interesting finding of the study of Zoccarato

et al4 is that the image quality parameters remained high

for a low level of left ventricular counts (around 500

kcounts). This finding could lead to further reduce the

injected activities.11,16

In conclusion, the anthropomorphic phantom study

of Zoccarato et al4 yields definite evidence that the

physical performances of these 2 CZT cameras are rel-

atively similar, even if the corresponding images of the

left ventricle are significantly different with a smaller

wall thickness for the D.SPECT camera when using

routine reconstruction parameters. These cameras are

equipped with the same CZT material but operate with

different collimation systems and reconstruction algo-

rithms. Finally, it is unlikely, however, that such

differences have a significant impact on diagnostic

accuracy.
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