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Abstract 

We have developed an electron-tracking Compton camera (ETCC) for medical use. Our ETCC has a wide energy dynamic 
range (200–1300 keV) and wide field of view (3 steradian), and thus has potential for advanced medical use. To evaluate the 
ETCC, we imaged the head (brain) and bladder of mice that had been administered with F-18-FDG. We also imaged the head 
and thyroid gland of mice using double tracers of F-18-FDG and I-131 ion.  
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1. Introduction 

In nuclear medicine, a molecule that is labeled 
with a radioisotope (RI) is administered to a human, 
and gamma rays from the RI are imaged with a 
gamma camera. Newer molecular imaging techniques 
are now under study, and recently much effort has 
gone into developing detectors and chemical probes 
for such imaging. The applicability of molecular 
probes to conventional imaging such as positron 
emission tomography (PET) and single photon 
emission computed tomography (SPECT) has also 
been studied. PET detects gamma rays by 
annihilation of a positron and electron pair, but the 
energy dynamic range for PET is only 511 keV. 
Because a collimator is required, the energy dynamic 
range for SPECT is less than 365 keV. These energy 
limitations are a major problem in the design of new 
imaging reagents. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. (A): Schematic view of the ETCC. The straight line is 
the electron track; the wavy line is the initial and scattered 
gamma ray. (B): Photograph of the ETCC. System size 
including all electronics is 180 × 60 ×100 cm3. 

Scintillator

μPIC

μTPC

(A) (B) 

180cmThe Compton camera has a wide energy dynamic 
range and wide field of view [1, 2, 3]. We have 
developed an advanced Compton camera, called the 
electron-tracking Compton camera (ETCC), which 
can detect the recoil electron track. The ETCC can 
visualize an image even with low statistics using this 
electron track information [4, 5, 6, 7]. 
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2. Detector and Analysis 

The ETCC consists of two detectors. An initial 
gamma ray is scattered in the first detector, which is a 
micro time projection chamber (μ-TPC) based on the 
proportional gaseous pixel chamber micro gas 
chamber (μ-PIC) [8, 9]. The μ-TPC (size 10 × 10 × 
10 cm3) can catch the 3D recoil electron track [10]. 
The scattered gamma ray is caught by the second 
detector, which is composed of pixel scintillator 
arrays (PSAs). We use four LaBr3:Ce PSAs; pixel 
size of three arrays are 6 × 6 × 15 mm3 [11] and 1 
array is 4 × 4 × 30 mm3 [12].  Whole PSA area is 10 
× 10 cm2 (Fig. 1A). Our ETCC system size including 
all electronics is 100 × 60 × 180 cm3 (Fig. 1B). 

The ETCC can reconstruct the gamma-ray 
direction, event by event, using information from the 

electron track and the absorption point of the 
scattered gamma ray. 

Conventional Compton cameras cannot detect the 
electron track. Without this information, the gamma-
ray direction is reconstructed as a ring shape. In 
contrast, our camera can determine the arc shape 
using electron track information. 

We use the list-mode maximum-likelihood 
expectation-maximization (list-mode MLEM) 
method as a reconstruction filter [13]. This method is 
commonly used for medical imaging. The ETCC’s 
spatial resolution at 511 keV is 11 mm (FWHM) at 
10 cm from the detector surface. Its acceptance 
uniformity at 365 keV over FOV (20 × 20 cm2) is 
11% (1σ) at 10 cm from the detector surface. 

3. Imaging Results 

We took images of small animals to evaluate our 
ETCC camera. ETCC imaging was performed on 
tumor-bearing mice. We selected the HeLa and put 
tumors on both shoulders. Two hours after 
intervenous injection of F-18-Fludeoxyglucose (F-
18-FDG, 49 MBq), the mice were sacrificed with 
Nembutal (“Nembutal” is a registered trademark of 
Abbot Laboratories Corp.), and ETCC imaging was 
performed for 16 hours. ETCC data were fused with 
MRI (T2-weighted imaging) anatomical data to 
determine the location of radionuclide uptake. PET 
imaging was performed to compare with the ETCC 
image. The ETCC image (Fig. 2A) clearly shows the 
brain, tumor, heart, and bladder uptake, in a manner 
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Fig. 3. (A): I-131 ion image of ETCC. (B): F-18-FDG 
image of ETCC. (C): Fusion image of ETCC (color contour) 
and MRI (monochrome contour). The white arrows show the 
tumor position. 
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similar to the PET image (Fig. 2B). These data 
indicates that ETCC works correctly. 

We next performed multiple-nuclide imaging. We 
administered F-18-FDG (10 MBq) and I-131 ion (3 
MBq) at the same time to mice that had the HeLa 
tumor on both shoulders. Three hours after vein 
injection, the mice were sacrificed with Nembutal, 
and ETCC imaging was performed for 19 hours. 
ETCC data show that I-131 ion accumulated in the 
thyroid gland and bladder (Fig. 3A), and F-18-FDG 
accumulated in the brain, tumor, heart, and bladder 
(Fig. 3B). The fused image of ETCC and MRI (Fig. 
3C) shows that ETCC succeeded in double-tracer 
imaging and that the reported distributions of F-18-
FDG and I-131 ion are correct. Thus, using the ETCC, 
we succeeded in visualizing clearly the targeted areas. 

8cm  

Fig. 2. (A): F-18-FDG fusion image of ETCC (color 
contour) and MRI (monochrome contour). (B): F-18-FDG 
fusion image of PET (color contour) and MRI (monochrome 
contour). The white arrows show the tumor position. 

4. Conclusion 

We developed the ETCC for medical use and 
succeeded in imaging the bodies of mice. F-18-FDG 
was administered to HeLa-tumor-bearing mice, and 
the ETCC was used to image the head and bladder. 
When these data are fused with anatomical data from 
MRI, the distribution of F-18-FDG is observed to be 
correct and in agreement with the PET data. 

In addition, we also succeeded in double-tracer 
imaging using the F-18-FDG and I-131 ion, and can 
clearly recognize their differences in each image. Our 

ETCC is thus useful for imaging small animals over a 
wide energy dynamic range. These results are also 
promising for the design of new imaging reagents. 
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