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Purpose Positron emission tomography (PET) reveals dynamic and molecular level processes through the use of radioactively labeled pharmaceuticals. PET/MRI 
systems benefit from the complementary molecular level functional images of PET and the anatomical and functional images of MRI. Pre-clinical MR-compatible PET 
systems have been demonstrated using avalanche photodiodes (APDs)1-4 and more recently, Geiger-mode APDs (also known as silicon photomultipliers, or SiPMs) 
with performance characteristics superior to APDs5-8. An MR-compatible SiPM PET detector module with a dual-layer LYSO scintillator crystal array using a High-
Definition Multimedia Interface (HDMI) cable for supplying power and bias as well as transmitting analog signals was tested in a 7 T Bruker MRI.  Performance of the 
PET detector was evaluated inside the MRI as was performance of the MRI with the PET detector present and operating. This work represents initial efforts in creating 
a full-ring MR-compatible PET system featuring 16 individual PET detector modules. 
Methods PET Detector Module with HDMI Readout: Detector module consists of a SensL SPMArray4 photodetector with a dual-layer LYSO crystal array with 7x7 
crystals in the bottom layer and 6x6 crystals offset in the top layer. Analog signals from the SiPM are multiplexed from 16 to 4 signals with a resistor network. It is 
housed in a light-tight box constructed of double-sided copper-clad printed circuit board (each copper layer is ~35 µm thick). An 8 m long HDMI cable consisting of 4 
pairs of shielded 100 Ω differential lines plus 7 individual lines connects to a receiver card that provides power (30 V bias and ±5 V for pre-amplifiers) and has 4 50 Ω 
single-ended outputs. Timing and shaping of the signals was accomplished with a series of NIM electronics and a PC-based ADC card. Flood histograms and energy 
resolution were calculated for each crystal in the array. MRI: An H2O phantom containing 1 g/l Cu2SO•5H2O and 3.6 g/l NaCl was imaged using a quadrature volume 
RF coil with a 35 mm inner diameter (Bruker, Germany) in a 7 T Bruker Avance III MRI system.  A series of 3D FLASH images were acquired for B0 field maps (TE = 1.71 
and 5.71 ms, TR = 20 ms) and B1 field maps9 (α = 145°, 180°, and 215°, TE = 6 ms, TR = 33 ms) with a 3.5x3.5x7 cm FOV and 64x64x128 matrix size encompassing the 
volume of the phantom visible in the RF coil. To evaluate MR image quality, 11 slices were placed (1 mm slice thickness, 3 mm inter-slice distance) along the extent of 
the phantom with an in-plane FOV of 3.5x3.5 cm and 128x128 matrix. Spin echo (TE = 56 ms, TR = 1500 ms), RARE (effective TE = 56 ms, TR = 1500 ms, RARE factor = 8), 
FLASH (α = 20°, TE = 6 ms, TR = 150 ms), and single-shot echo planar (TE = 50 ms, TR = 3 s, 64x64 matrix) images were acquired with 1 average and 5 repetitions each. 
PET/MRI: To evaluate the influence of the detector and cabling on the MRI, sequences were repeated with 4 different detector module configurations: no detector 
(ND), with the detector placed directly above the RF coil (D), with the HDMI cable attached to the detector (DC), and during acquisition of flood histograms (DO).  A 
22Na source was attached to the RF coil immediately in front of the detector module for all acquisitions. The influence of the orientation and configuration of the PET 
detector on the field intensity of the RF coil was measured with a network analyzer.  B0 and B1 field maps, SNR, and image homogeneity were calculated in MATLAB 
based on regions of interest defined using a threshold mask.  

Results and Discussion PET Detector in MRI: There was no difference in the energy resolution of the flood histogram data acquired outside the magnet and inside the 
magnet during various pulse sequences (Fig. A). When inside the MRI, there was a noticeable increase in the photopeak amplitude (e.g. 4.3±0.2 V outside the magnet 
vs. 4.6±0.3 V inside the magnet). This was attributed to a decrease in the detector temperature, which was not monitored or corrected for. MRI with PET Detector:  
The B1 field intensity was unchanged with the detector operating adjacent to the RF coil, although if placed in the opposite direction, such that the detector hung over 
the end of the coil, field intensity decreased by ~0.1 dB, suggesting that coupling of the RF coil with the copper shielding and cabling of the PET detector is dependent 
on orientation.  A cable trap on the HDMI cable had no effect on B1 field intensity, however there was a small decrease (< 0.1 dB) when the HDMI cable was adjacent 
to the RF coil cable. The operating detector did not have a significant impact on B0 and B1 homogeneity, SNR, and image homogeneity (Fig. C-E). 
Conclusion HDMI is a low cost cabling solution with a robust connector, 100 Ω differential signalling, and high bandwidth. Given the limited interactions between the 
operating PET detector module and MRI, the current PET detector design appears to be a viable first step in creating an MR-compatible full-ring PET system.  
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14.8 ± 1.3%  

Figures A. Flood histograms and energy 
resolutions of PET detector operating 
inside/outside the MRI. B. PET detector 
module with HDMI cable on top of the 
RF coil. C. Histogram of values in the B0 
field deviating from the Larmor 
frequency, Δω0 (Hz), with cross-sections 
of the B0 maps. D. Histogram of the 
absolute values in the B1 field deviating 
from a 90° pulse, |Δα|, with cross-
sections of the B1 maps. E. Mean ± σ of 
SNR and image homogeneity for images 
acquired with different pulse sequences 
and detector configurations.  
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E. 
MR Image Quality: SNR MR Image Quality: Image Homogeneity (%)

No 
Detector 

Detector 
Only 

Detector 
+ Cable 

Detector 
Operating 

No
Detector 

Detector
Only 

Detector 
+ Cable 

Detector 
Operating 

SE 153 ± 13 157 ± 13 160 ± 10 156 ± 12 89.4 ± 0.8 89.7 ± 0.8 90.0 ± 0.9 89.7 ± 1.0

RARE 169 ± 13 170 ± 16 173 ± 18 169 ± 15 88 ± 4 89 ± 3 90 ± 3 89 ± 3

FLASH 72 ± 6 70 ± 6 72 ± 6 72 ± 7 90 ± 2 90 ± 3 90 ± 2 90 ± 2

EPI 113 ± 20 109 ± 21 110 ± 21 108 ± 19 77 ± 12 76 ± 10 78 ± 10 78 ± 10
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