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Abstract- This work reports on the development and 
evaluation of the PET component of a PETtCT system for 
small-animal in-vivo imaging. The PET and CT subsystems are 
assembled in a rotary gantry in such a way that the center of 
rotation for both imaging modalities is mechanically aligned. 
The PET scanner configuration is based on 2 detector 
modules, each of which consist of 2 flat-panel type PS-PMTs 
(Hamamatsu, H8500) and 2 (30 x 30 elements) LYSO arrays. 
The dimension of the crystal matrix elements are 1.4 x 1.4 mm2 

in cross section and 12 mm in depth. The VrPET detector 
modules are positioned in opposite sides of a 140 mm diameter 
ring, providing a transaxial field of view of 86.6 mm diameter 
and an axial field of view of 45.6 mm. The experimental results 
obtained in the performance tests are transaxial resolution of 
1.5 mm FWHM in the CFOV, and the axial resolution of 2.3 
mm FWHM. The absolute coincidence sensitivity is 2.22 % for 
a coincidence window of 6 ns (100-700 keY). The imaging 
capability of the PET unit is demonstrated on phantom and 
animal studies. 

Index Terms- Positron emission tomography (PET), small 
animal imaging, X-ray computed tomography (CT). 

I. INTRODUCTION 

THE increasing number of animal models of human diseases 
and the radiolabeling of small molecules, has made small 

animal PET a valuable tool in medical research. Actual 
tendency in clinical scanners is to combine the functional 
information of PET images with an anatomical imaging 
modality such as X-ray CT, whose fusion improves the image 
interpretation. Given the increasing importance of the use of 
mice in biomedical research, this same tendency is currently 
observed in small-animal dedicated tomographs, and several 
multi-modality systems are being developed and introduced in 
the market [I]. 
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A difficulty for the widespread use of small-animal PET/CT 
is the high investment involved in installing and maintaining 
tomographs. The most expensive components of PET 
subsystems are by far the detection elements, which are 
composed by processing electronics and gamma-ray sensors 
usually arranged in axial rings around the sample in order to 
provide a high sensitivity and a large FOV. 

The VrPET/CT system, implemented using only two 
opposed detector blocks mounted on a rotary gantry, makes 
use of a custom hardware/software design, specifically 
intended to provide high quality images and adequate 
temporal resolution. The PET component is based on an 
improved version of the rPET scanner (Suinsa Medical 
Systems, Spain) [2] and a recently developed cone-beam 
micro-CT system, whose design and performance evaluation 
has already been detailed in other publications [3]-[5]. This 
paper focuses on the PET subsystem design and evaluation as 
well as on the procedures required to obtain high quality 
images. 

II. SYSTEM CONSTRUCTION 

A. PET Detector Modules 

The system uses two double-detector modules. Each 
module is composed of two single detectors based on a 30 x 
30 lutetium-yttrium oxyorthosilicate (L YSO) crystal array 
coupled to a Hamamatsu H8500 Position Sensitive 
Photomultiplier (PS-PMT) through optical grease BC-630 
(Bicron/Saint Gobain). The scintillator matrices were 
arranged using individual crystals with all his facets 
mechanically polished and separated by a toO-micron thick 
lumirror reflector layer. 

The detectors are mounted using black delrim enclosures 
(Fig. I) which fit in a V-shaped shielded box that attaches 
the detectors to the gantry. The flat panel PS-PMTs has 12 
stages of metal channel dynode and 8 x 8 multiple anodes 
which provide an active area of 49.0 mm square. The 64 
anode signals of the PMT are combined into 4 position 
signals, by a readout circuit based on passive elements, 
which are amplified to adapt them to the dynamic range of 
the data acquisition system. These electronic components 
together with an additional stage for the last dynode signal 
of the PMT and a high voltage supply are included in a 
compact PCB stack, directly attached to the PMT sockets 
(Fig. I). 
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