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Clinical Implementation of New 
PET Reconstruction Methods
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PET image reconstruction

• Evolution of image reconstruction methods
FBP 
OSEM
OSEM TOF 
OSEM+PSF TOF 
DDG 
MAP (GE – Q.Clear)
AI (GE – PDL, United – uAI HYPER, Siemens – FastPET)
Your work!
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MAP: GE Implementation

• Marketed as ‘Q.Clear’ 
• One variable for users to optimise

• Higher beta gives greater noise suppression

• What is the impact on clinical images…

62M, FDG
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75M, F-choline

• Use NEMA IQ.  Sphere: background   4:1
Phantom Testing
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Teoh/McGowan et al JNM 2015

10 mm

22 mm

13 mm

17 mm

• Radiologist blind scoring
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Clinical Testing

• Use prior patient sinograms

• Series of histological proven cancer types
• Blind radiologist scoring
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N=121 nodules
SUVmax 2.1 SUVmax 4.6

11mm left upper lobe adenocarcinoma

• Include image of liver from RSNA abstract

OSEM MAP

3 histologically-
proven colorectal 
liver metastases
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23M…184Kg

• Patient weight significantly impacts IQ
• Increase in weight leads to increase in noise
• Different dosing regime and bed times have been 

tested…still poorer IQ for obese patients

23M…184Kg
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Clinical Papers

Clinical Papers

• Evidence in literature
• Many presentations
• Helpful having phantom 

and clinical scoring
• Build diagnostic confidence
• Also used for data driven 

gating evaluation
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Ungated 50%
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DDG
SUVmax = 3.8
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• However, with new technology people need to relearn!
• Perceived issue with lymphoma…

• Sadly other manufacturers not using MAP, yet
• A range are trying AI enhancement

– How to implement and trust these?
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Precision DL – what is it?

• An image enhancement tool using deep learning
• To make images “ToF-like”
• Improved quantification
• Improved lesion detectability

• Three ‘strengths’ that can be 
used depending on user 
preference (similar to beta)

Low Medium High

Q.Clear Image PDL Enhanced 
Image

High noise input Low noise input

Precision DL – how was it developed?

• To trust need to know how developed!
• 100s of paired FDG images – nonToF Q.Clear and ToF Q.Clear
• Multi-site & multi-scanners
• 3D residual U-net trained for each PDL strength

Q.Clear
(input)

PDL
(output)
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Testing PDL
• Before using an AI PET recon algorithm, there are several important tests you 

should consider conducting to ensure its suitability and performance. Here are 
some key tests you can consider:

• Algorithm Validation
• Performance Evaluation
• Robustness Assessment
• Comparison with standard methods
• Clinical Validation
• Generalisation testing
• Safety and Regulatory Compliance
• User Interface and Integration Testing

Testing PDL

• What did you think of those reasons?

• They were all written by chat GPT!
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Deep Learning PET Algorithms

• What do I (with clinical physics hat!) want before using?

• Knowledge of how developed 
• Phantom testing
• Lesion Quantification
• Lesion Detectability
• Image Noise
• Potential over enhancement
• Robustness of algorithm
• FDA/CE marked device

Testing PDL: Lesion Insertion

• Unable to really use phantoms – lesion insertion technique



11/12/2024

13

Testing PDL: Lesion Insertion 

Q.Clear nonTOF

Without 
inserted 

lesion

With 
inserted 

lesion

Q.Clear ToF

Without 
inserted 

lesion

With 
inserted 

lesion

M-PDL

With 
inserted 

lesion

Without 
inserted 

lesion

10 mm, 4:1 contrast lesion in the head/neck area of a DMI 25 cm exam. 

• Ground truth known!

Testing PDL: Accuracy

• Inserted lesions allow assessment of quantitation accuracy
• Accuracy comparison (n=32) using 10&15mm lesions in DMI data

Reconstruction 
method

Average % 
Accuracy
SUVmean

Average % 
Accuracy
SUVmax

Average liver 
noise (std)

Q.Clear nonToF 50 49 0.19
Q.Clear ToF 60 63 0.21
PDL-H 58 61 0.21
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Testing PDL: Lesion Detectability

• Model Observer Detectability 
• Also tested via human (n=3) scoring of patients (n=50)
• Time consuming!  250 PET scans (blinded to recon used) with CT

0

1

2

3

4

5

QClear PDL-L PDL-M PDL-H QClear ToF

Lesion DetectabilityLikert scale

5 (excellent)
4 (very good) 

3 (good)
2 (satisfactory)

1 (poor)
0 (non-diagnostic)

Testing PDL: Clinical Scoring

• Patient scan review (n=50)
• Diagnostic Confidence and Image noise (as well as Lesion Detectability)

5 (excellent)
4 (very good) 

3 (good)
2 (satisfactory)

1 (poor)
0 (non-diagnostic)
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Testing PDL: Quantification

• Lesion SUVmax + VOIs in lung and liver

Deep Learning PET Algorithms

• What do I (with clinical physics hat!) want before using?

• Knowledge of how developed
• Phantom Lesion insertion
• Lesion Quantification
• Lesion Detectability
• Image Noise
• Potential over enhancement (not shown)
• Robustness of algorithm (not shown)
• FDA/CE marked device

Many other tests performed not covered here!  
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Deep Learning PET Algorithms

• Happy with testing.  Now to use with patients for better scans!

• Increasing use of AI in PET (and other modalities)
• Clinical staff may be unsure how to test
• Giving results from these sorts of tests would 

assist with clinical implementation

PET image reconstruction
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• We need to get new recons into the clinic
• Important to get clinical staff on board and 

understanding the underlying recon

• “We look forward to all users embracing 
technology, now and in the future, for 
improved early diagnosis and detection 
and crucially the benefit of patient care”

• Please keep developing!
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Thanks for listening

Any Questions?

Teoh and Bradley QJM 2017

daniel.mcgowan@oncology.ox.ac.uk


