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The EndoTOFPET-US project

Endo = Endoscopic

TOF  = Time of Flight

PET   = Positron Emission Tomography 

US    = Ultrasound
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            {The tool

The goals:
1) development of biomarkers for prostate and
    pancreas tumor

2) intra-operative imaging of prostatic and     
    pancreatic lesions (guided surgery / biopsy)
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            {The tool

The goals:
1) development of biomarkers for prostate and
    pancreas tumor

2) intra-operative imaging of prostatic and     
    pancreatic lesions (guided surgery / biopsy)

- Enhanced resolution due to proximity
- Combination with biopsy needle 
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            {The tool

The goals:
1) development of biomarkers for prostate and
    pancreas tumor

2) intra-operative imaging of prostatic and     
    pancreatic lesions (guided surgery / biopsy)

Multi-modal instrument:
high resolution metabolic imaging (PET)
plus anatomical imaging (US)

- Enhanced resolution due to proximity
- Combination with biopsy needle 
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How does endoscopic PET work?
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How does endoscopic PET work?
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PET image from the line of response 
obtained between two detectors in 
coincidence 

1) External detector plate
2) Endoscopic detector head mounted on 
the tip of an US transducer

Time of Flight: to reject false coincidences 
from near by organs.
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Technical Challenges: 

▶ Extreme miniaturization

▶ Coincidence time resolution 200 ps FWHM    
   (~3cm background rejection)

▶ Fast crystals & ultra-fast photo-detection

▶ Image reconstruction for free-hand imaging,

▶ O(mm) spatial resolution ➔ tracking

▶ Fusion of US and PET images

How does endoscopic PET work?
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FEB/A&

FEB/D&
Cooling&plates&

interconnector&

External PET plate - detector design
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3.5 mm

(8x$4x4)$crystals$

(8x)%MPPC%
FEB/A&

MPPC
   + 

LYSO 
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Internal PET head - detector design
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K. Gadow (DESY)
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External PET plate - Photo-detector - SiPM
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Max.%spread%of%Ubd%/%matrix%%%%Max.%DCR%/%matrix%%%%%%%%%%%%%%%%%%%%%%%Bias%voltage%spread%%%%

5%matrices%%
rejected%/%
exchanged%

~%2V%range%for%
all%MPPC%

276 MPPC-matrices tested (> 4400 single photo-detectors) 
EachMPPC: 3600 pixels, pixel size 50 x 50 um2

Verify producers parameters: 
Gain:               2% reproducibility error, 
DCR:              10-20% absolute error, 
breakdown V:   50 mV error,
breakdown V spread in one matrix (16 MPPC) 

ΔUbd < 0.5 V DCR < 3 MHz
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External PET plate - Scintillator crystals
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Light yield calibration

Glueing Coating

Crystals: 
LYSO, 3.5 x 3.5 x 15 mm3

Light yield:
Time resolution scales with light yield 
Measure with a photomultiplier tube; 
correct for air gap, glue & wrapping,
Average LY = 32 200 ph/MeV 
σE/E ~13% (similar for PET head crystals)

Gluing & wrapping: 
Automated alignment + visual inspection
Reflector foil (ESR by 3M) + Teflon cap
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External PET plate - time performance
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All matrices of MPPC + LYSO crystals tested using NINO amplifier & HPTDC

Average Coincidence Time Resolution (FWHM): 
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Two dedicated fast SiPM r/o ASICs  
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ASICs characterization

12

~270 ps
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Inner PET head - Photo-detector - MD-SiPM
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MD-SiPM - dark count rate 
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1x1 mm2
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MD-SiPM - cooling requirement
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Design goal:         200 ps coincident time resolution
Requirement:       PDE > 10% & DCR < 10 MHz

➔ reachable only with sensor cooled < 20 oC  
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Data acquisition 
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Electromagnetic tracking system

Calibration of EM tracking system in motion:
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Electromagnetic tracking system

Calibration of EM tracking system in motion:
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PET image reconstruction
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Use a Maximum Likelihood 
Expectation Maximization 
iterative reconstruction 
running on GPUs 
Image reconstruction possible 
in O(min.)
Effect of asymmetric detector 
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Full body simulation with GAMOS    
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Pelvis'
Ver*ca
l'(V) 

Pelvis'
Horizontal'

(H) 

Bladder6
Prostate'
distance 

Number'Pa*ent''''''''''''''''!
Examina*on'

Date0!

Pa*ent'1!
27.10.2011!

Pa*ent'4!
17.03.2010!

Prostate!Volume! 96!ml! 75!ml!

Bladder!Volume! 232!ml! 121!ml!

Thickness!of!Pelvis!
Bone!(at!the!
prostate!level)!!

2.3!cm! 2.4!cm!

Uptake!Prostate!
(average)!

1.9!kBq/ml! 1.9!kBq/ml!

Uptake!Bladder!
(average)!

1.4!KBq/ml! 1!kBq/ml!

Uptake!!of!
prostaHc!lesions!
(average)!!

3.3!kBq/ml! 6.7!kBq/ml!

Volume!of!
prostaHc!lesions!!

8.5!ml! 3.4!ml!

Signal!/!Background!!~!1/10!–!1/20!

➤ Anonymous databank of measured 
prostate lesions from CHUV, Lausanne 

➤ Possibility to import directly clinical 
data from PET/CT

Geant4-based Architecture for Medical-Oriented Simulation
➤ Allows asymmetric detectors → use in-built coincidence sorter 
➤ Possibility to import whole body phantom (i.e. visible human) 

➤ Ability to tune all parameters according to patient data 
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Conclusions
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Time Schedule:
	
  System Integration: Spring 2014
	
  System Commissioning/Validation: Summer 2014
	
  Delivery to medical hospital: Autumn/End 2014

EndoTOFPET-US ...
... a novel multimodal endoscopic ToFPET/US imaging system
for improved prostate and pancreas tumor diagnostics

... requires frontline research concerning
Novel Photosensors
Ultra-fast readout electronics
Scintillating crystals & optical systems
Tracking and image reconstruction
Biomarkers

... entails knowledge transfer between HEP and medicine ...
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Project motivation
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Patient
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Inner PET head - Scintillator crystals
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