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INTRODUCTION 
Simultaneous MR-PET data acquisition has been previously demonstrated in small animals [1,2].   
A novel prototype PET scanner – BrainPET – that uses an MR compatible technology has been 
developed by Siemens, and integrated with a commercially available Siemens Medical 
MAGNETOM TIM Trio MR scanner [3].  Proof-of-principle simultaneous studies were recently 
reported in human subjects with no brain pathology [4].  One of these prototype systems has been 
recently installed at MGH.  The purpose of this study was to demonstrate the feasibility of this 
combined system for performing simultaneous MR-PET data acquisition in brain tumor patients, 
including dynamic data acquisition. 
MATERIALS AND METHODS 
System Description: BrainPET is a dedicated brain scanner that can be operated inserted into the 
bore of the MR scanner.  A picture of this scanner installed at MGH is shown in Fig. 1.  The PET 
gantry physical ID and OD are 35 cm and 60 cm, respectively.  The axial FOV is 19.25 cm and the 
transaxial FOV is ~30 cm.  Each of the 32 PET detector modules consists of six 12×12 LSO crystal 
arrays read out by a 3×3 array of APDs (Hamamatsu 8664-55, Japan).  The individual crystal size is 
2.5×2.5×20 mm3.  
Simultaneous MR and PET Human Imaging: Subjects were injected with ~190 MBq of 18F-FDG 
and the distribution of the tracer was recorded 60 minutes at steady state 2-3 hours post injection 
using different PET data acquisition protocols.  In the first studies, the data acquisition was 
synchronized (i.e. the frame duration was adjusted based on the MR sequence acquisition time).  
For the next studies, PET data were acquired in 5 minutes frames during the MR data acquisition.  
For obtaining the attenuation map, the image of the head obtained from the TSE MRI was segmented into air and tissue, neglecting the 
bone.  The normalization was calculated from four 8-hour plane-source scans (16 positions).  The images were reconstructed using the 
OP-OSEM 3D algorithm.  MR sequences included T2-weighted Turbo Spin Echo (TSE), fluid attenuated inversion recovery (FLAIR), 
magnetization prepared rapid gradient echo (MPRAGE), MR angiography time of flight and MRS.  Advanced MR studies with DTI, 
and Gd-based dynamic contrast enhanced (DCE) and dynamic susceptibility contrast (DSC) using EPI readout were also performed 
during the PET data acquisition using our standard protocol and 
Ktrans, CBF, CBV, MTT maps were generated from these data.   
RESULTS AND DISCUSSIONS 
No obvious MR-related artifacts were observed in the PET or MR 
data and representative overlaid images reconstructed from the data 
acquired during the whole scan are shown in Fig. 2, top panel. Note 
the increased FDG uptake in the left temporal lobe lesion with 
subcutaneous extension. Representative images obtained using 
advanced sequences in a separate subject are shown in the middle 
panel of Fig. 2.  The maps obtained from the dynamic MR studies 
demonstrate a region with increased cerebral blood flow, vascular 
permeability and microvascular proliferation that correlates with 
the region with increased glucose metabolism observed on the PET 
(Fig. 2, bottom panel). However, the two regions do not overlap 
perfectly (arrows indicate a region with decreased FDG uptake and 
increased CBF and Ktrans), suggesting the distinct and 
complementary nature of the information provided by the two 
techniques in the assessment of the tumor environment. 
The simultaneous acquisition of MR and PET data is possible and 
no distortions were noticed by visually analyzing the images. No 
significant effects were observed in quantitative studies of the 
effects of the PET scanner on the MR scanner (Benner et al).  
Detailed studies focused on the PET performance are ongoing to 
exclude mutual interference between the two scanners.   
References:  [1] Catana C et al, PNAS, 2008; 105(10): 3705-10; [2] Judenhofer MS 
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Fig. 1:   Integrated MR-PET 
scanner: BrainPET scanner installed 
inside the Trio (top); PET insert 
withdrawn from the MR scanner for 
stand alone MR operation (bottom) 
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Fig. 2: Simultaneous MR-PET in three different GBM subjects: 
overlapped MR-PET images (top panel); representative MR data 
acquired in the presence of the PET insert using advanced techniques
(middle panel); dynamic MR and PET data acquisition (bottom panel). 
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