
%HUVRQ�<DORZ�$ZDUG��
<HV�

$UW�:HLV�&DOO�IRU�$EVWUDFWV�6100,�%HVW�3DSHU�3UL]H�LQ�0HPRU\�RI�$UW�:HLV�LQ�5DGLDWLRQ
'RVLPHWU\�DQG�6DIHW\��
<HV�

0DVDKLUR�,LR�0'�$ZDUG��
1R�

7LWOH��
(QKDQFHG�'LUHFW�-RLQW�$WWHQXDWLRQ�DQG�6FDWWHU�&RUUHFWLRQ�RI�:KROH�%RG\�3(7�,PDJHV�YLD
&RQWH[W�$ZDUH�'HHS�1HWZRUNV�

3XUSRVH�%DFNJURXQG��
,Q�SRVLWURQ�HPLVVLRQ�WRPRJUDSK\��3(7���DWWHQXDWLRQ�DQG�VFDWWHU�FRUUHFWLRQV�LV�QHFHVVDU\�VWHSV
WRZDUGV�DFFXUDWH�TXDQWLWDWLYH�UHFRQVWUXFWLRQ�RI�WKH�UDGLRSKDUPDFHXWLFDO�GLVWULEXWLRQ��$�NQRZQ
FKDUDFWHULVWLF�RI�3(7�LPDJLQJ�LV�WR�KDYH�YDU\LQJ�WUDFHU�XSWDNHV�IRU�YDULRXV�SDWLHQWV�DQG�RU
DQDWRPLFDO�UHJLRQV��+RZHYHU��H[LVWLQJ�GHHS�OHDUQLQJ�EDVHG�DOJRULWKPV�XWLOL]H�D�IL[HG�PRGHO�DFURVV
GLIIHUHQW�VXEMHFWV�DQG�RU�DQDWRPLFDO�UHJLRQV�GXULQJ�LQIHUHQFH��ZKLFK�FRXOG�UHVXOW�LQ�VSXULRXV�RXWSXWV�
,Q�WKLV�ZRUN��ZH�SUHVHQW�D�QRYHO�GHHS�OHDUQLQJ�EDVHG�IUDPHZRUN�IRU�GLUHFW�UHFRQVWUXFWLRQ�RI
DWWHQXDWLRQ�DQG�VFDWWHU�FRUUHFWHG�3(7�IURP�QRQ�DWWHQXDWLRQ�FRUUHFWHG�LPDJHV�LQ�DEVHQFH�RI�VWUXFWXUDO
LQIRUPDWLRQ��ZKLFK�LV�DEOH�WR�HIILFLHQO\�GHDO�ZLWK�WKH�LQWHU�VXEMHFW�DQG�LQWUD�VXEMHFW�XSWDNH�YDULDWLRQV
LQ�3(7�LPDJLQJ�

0HWKRGV��
:H�SURSRVH�D�QRYHO�PRGHO�WR�SHUIRUP�VXEMHFW��DQG�UHJLRQ�VSHFLILF�ILOWHULQJ�WKURXJK�PRGXODWLQJ�WKH
FRQYROXWLRQ�NHUQHOV�LQ�DFFRUGDQFH�WR�WKH�FRQWH[WXDO�FRKHUHQF\�ZLWKLQ�WKH�QHLJKERULQJ�VOLFHV��7KLV
ZD\��WKH�FRQWH[W�DZDUH�FRQYROXWLRQ�FDQ�JXLGH�WKH�FRPSRVLWLRQ�RI�LQWHUPHGLDWH�IHDWXUHV�LQ�IDYRU�RI
UHJUHVVLQJ�LQSXW�FRQGLWLRQHG�DQG�RU�UHJLRQ�VSHFLILF�WUDFHU�XSWDNHV��,Q�SDUWLFXODU��WKH�QHLJKERULQJ
VOLFHV�DUH�IHG�LQWR�D�VKDUHG�VXE�QHWZRUN�WR�H[WUDFW�WKH�UHJLRQ�ZLVH�LQIRUPDWLRQ��ZKLFK�LV
VXEVHTXHQWO\�XVHG�WR�PRGLI\�WKH�FRQYROXWLRQ�NHUQHOV�LQ�DQ�DGDSWLYH�PDQQHU��2XU�SURSRVHG�PRGHO
GLIIHUV�IURP�H[LVWLQJ�PHWKRGV�E\�����WKH��'�FRQWH[WXDO�LQIRUPDWLRQ�ZLWKLQ�QHLJKERULQJ�VOLFHV�LV�XVHG
WR�DGDSWLYHO\�PRGXODWH�WKH�NHUQHOV�LQ�VSHFLILF�OD\HUV�DQG�����WKH�QHWZRUN�LV�VWLOO�LQ��'�PDQQHU�DQG
WKHUHIRUH�HQMR\V�DFFHVVLQJ�WR�ODUJH�WUDLQLQJ�LQVWDQFHV�DV�ZHOO�DV�OLJKW�FRPSXWDWLRQ�FRVW�DW
LQIHUHQFH��:KROH�ERG\� ��)�)'*�3(7�&7�VFDQ�GDWD�RI�����VXEMHFWV�ZHUH�HPSOR\HG�LQ�WKLV�VWXG\
IRU�WUDLQLQJ�DQG�YDOLGDWLRQ�SXUSRVHV�

5HVXOWV��
7KH�SHUIRUPDQFH�HYDOXDWLRQ�RI�RXU�SURSRVHG�FRQWH[W�DZDUH�QHWZRUN��&$�'$&��LQFOXGHV�YDOLGDWLRQ
DJDLQVW�WKH�UHIHUHQFH�3(7�&7�JURXQG�WUXWK�DQG�FRPSDULVRQ�WR�D�FRQYHQWLRQDO����'�81HW��81�'$&�
RYHU�D�KHOG�RXW�WHVW�FRKRUW�FRQVLVWLQJ�RI�����VXEMHFWV�DFURVV�ZKROH�ERG\�DQG���DQDWRPLFDO
UHJLRQV��,Q�WKH�ZKROH�ERG\��WKH�DYHUDJH�UHODWLYH�HUURU��5(��ZHUH��������������DQG���������
�����IRU�81�'$&�DQG�&$�'$&��UHVSHFWLYHO\��$OVR��WKH�DYHUDJH�DEVROXWH�UHODWLYH�HUURU��$5(�
UHGXFHG�IURP���������������WR���������������IRU�81�'$&�DQG�&$�'$&��UHVSHFWLYHO\��:H�DOVR
REVHUYHG�WKDW�&$�'$&�RXWSHUIRUPHG�81�'$&�E\�������G%��DYHUDJHG�RYHU�DOO�UHJLRQV�LQ�WHUPV�RI
SHDN�VLJQDO�WR�QRLVH�UDWLR��3615���/LNHZLVH��WKH�VWUXFWXUDO�VLPLODULW\��66,0��VFRUHV�DYHUDJHG�RYHU
DOO�UHJLRQV�ZHUH�LPSURYHG�IURP��������WR��������XVLQJ�&$�'$&�RYHU�81�'$&�LQ�RXU�HYDOXDWLRQ

Saeed Izadi

Saeed Izadi
Context-Aware Filtering for Direct Joint Attenuation 
and Scatter Correction of Whole-Body PET Images

Saeed Izadi
Saeed Izadi, Simon Fraser University
Isaac Shiri, Geneva University Hospital
Carlos Uribe, BC Cancer 
Parham Geramifar, Tehran University of Medical Sciences, Tehran, Iran 
Habib Zaidi, Geneva University Hospital 
Arman Rahmim, University of British Columbia 
Ghassan Hamarneh, Simon Fraser University 

Saeed Izadi
SNMMI 2022 Annual Meeting

Ghassan Hamarneh
Slides start at page 3



VHW��7KH�FRHIILFLHQW�RI�GHWHUPLQDWLRQ��GHQRWHG�E\�5 ��ZDV�IXUWKHU�XVHG�WR�TXDQWLI\�WKH�JRRGQHVV�RI�ILW
ZLWKLQ�WKH�MRLQW�KLVWRJUDPV��,Q�SDUWLFXODU��5��IRU�&$�'$&�DQG�81�'$&�ZDV�UHFRUGHG�DV�������DQG
�������UHVSHFWLYHO\��LQGLFDWLQJ�D�EHWWHU�ILW�XVLQJ�WKH�IRUPHU��L�H��SURSRVHG�PHWKRG��0RUHRYHU��ZH
SHUIRUPHG�D�OLQHDU�UHJUHVVLRQ�DQDO\VLV�E\�UHSRUWLQJ�WKH�VORSH�DQG�LQWHUFHSW�RI�WKH�OLQH�ILWWHG�RYHU�WKH
QRQ�]HUR�ELQV�RI�WKH�MRLQW�KLVWRJUDPV��81�'$&�\LHOGHG������DQG������IRU�WKH�VORSH�DQG�LQWHUFHSWV�
UHVSHFWLYHO\��ZKLOH�&$�'$&�UHVXOWV�LQ������DQG������GHPRQVWUDWLQJ�DQ�LQFUHDVH�RI������IRU�WKH�VORSH
�FORVHU�WR������DQG�D�GHFUHDVH�RI������IRU�WKH�LQWHUFHSW��FORVHU�WR�������

&RQFOXVLRQ��
,Q�WKLV�ZRUN��ZH�LQWURGXFHG�&$�'$&�WR�SURGXFH�DWWHQXDWLRQ�FRUUHFWHG�3(7�LPDJHV�ZLWKRXW
UHTXLULQJ�DQ\�DQDWRPLFDO�LQIRUPDWLRQ�GXULQJ�WUDLQLQJ�DQG�LQIHUHQFH��7KH�QRYHOW\�RI�WKH�SURSRVHG
QHWZRUN�LV�WR�WDNH�DGYDQWDJH�RI�FRQWH[W�DZDUH�FRQYROXWLRQV�WR�PRGXODWH�WKH�FRQYROXWLRQ�NHUQHOV
EDVHG�RQ�WKH�FRQWH[WXDO�LQIRUPDWLRQ�ZLWKLQ�QHLJKERULQJ�VOLFHV�DORQJ�WKH�D[LDO�GLPHQVLRQ�IRU�HYHU\
�'�LQSXW�VOLFH��7KLV�ZD\��WKH�QHWZRUN�FDQ�HIIHFWLYHO\�DGDSW�LWVHOI�WR�WKH�LQWHU��DQG�LQWUD�VXEMHFW�WUDFHU
XSWDNH�YDULDWLRQV�ZLWK�QHJOLJLEOH�LQFUHDVH�LQ�PRGHO�FRPSOH[LW\�

)LOH�8SORDG����GRF��GRF[��MSJ��MSHJ��SGI���
9LHZ�)LOH�������B)LOH8SORDGGRFGRF[MSJMSHJSGIB�����������SGI�

&RS\ULJKW��
,�DJUHH��

3UHVHQWDWLRQ�&RPPLWPHQW��
,�DJUHH��

/DQJXDJH�RI�3UHVHQWDWLRQ��
,�DJUHH��

3HUPLVVLRQ�WR�&DSWXUH�&RQWHQW��
,�DJUHH��

:0$V�'HFODUDWLRQ�RI�+HOVLQNL��
,�DJUHH��

https://s3.amazonaws.com/amz.xcdsystem.com/706224A1-90F0-EFDE-9D12FA836B3BDEDF_abstract_File630/1475_FileUploaddocdocxjpgjpegpdf_0125085734.pdf
Saeed Izadi



Saeed Izadi

Isaac Shiri

Carlos F. Uribe

Parham Geramifar

Habib Zaidi

Arman Rahmim 
Ghassan Hamarneh

  Simon Fraser University, Canada  
  Geneva University Hospital, Switzerland

  BC Cancer, Canada

  University of Medical Sciences, Iran  
  Geneva University, Switzerland

  University of British Columbia, Canada 

  Simon Fraser University, Canada

Enhanced Direct Joint Attenuation and Scatter 
Correction of Whole-Body PET Images via 

Context-Aware Deep Networks

1



Introduction
Attenuation and Scatter Artifact in PET

[1] Zaidi et al. “Scatter modelling and compensation in emission tomography” 
[Fig] Lee et al. “A Review of Deep Learning-Based Approaches for Attenuation Correction in Positron Emission Tomography”

True coincidence Scatter coincidence Loss of coincidence 

• Photons may occur due to interacting with the components in the environment

• Carry inaccurate information about the annihilation site (scatter coincidence)

• Fall out of the energy windows and fail to be recorded by the detectors (attenuation coincidence) 

• Studies reveal 40-50% of the annihilation coincidences are scattered or lost [1]
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Scatter and Attenuation 
Correction

PET - Not Corrected PET - Corrected

Introduction
Attenuation and Scatter Correction

CT 
or 

MR

• Anatomical information from MR/CT are used to obtain PET w/o attenuation and scatter artifacts

• PET/CT and PET/MR have their own drawback:


• Radiation exposure  

• Unit conversion

• Need for registration
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Introduction
Direct Attenuation and Scatter Correction

Scatter and Attenuation 
Correction

PET - Not Corrected PET - Corrected

• Recent works have thrived to eliminate need for anatomical information for ASC mapping

! = {Xn ∈ ℝh×w}N
n=1

% = {Yn ∈ ℝh×w}N
n=1

Xn = Φ(Yn; ϕ); ∀n ∈ {1,2,...,N}

Size of each slice[

Number of slice

2D Slice3D Slice
ASC Mapping

Parameters of mapping

Not-Corrected

Corrected

4



Introduction
Direct Attenuation and Scatter Correction

PET - Corrected

• Recent works have thrived to eliminate need for anatomical information for ASC mapping

• We use deep artificial neural network (ANN) to perform direct ASC

! = {Xn ∈ ℝh×w}N
n=1

% = {Yn ∈ ℝh×w}N
n=1

Xn = Φ(Yn; ϕ); ∀n ∈ {1,2,...,N}

Size of each slice[

Number of slice

2D Slice3D Slice
ASC Mapping

Parameters of mapping

Not-Corrected

Corrected

PET - Not Corrected

Scatter and Attenuation 
Correction
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Data

https://thenounproject.com/icon/male-and-female-1258540/ by Saeful Muslim

Train

432 376

48 ± 18 49 ± 15 

76.1 ± 16.4 69.5 ± 15.0 

374.7 ± 55.1 369.9 ±45.3 

60 ± 14 59 ± 10 

Test

61 51

45 ± 17 50 ± 13 

75.9 ± 14.4 71.7 ± 12.0 

366.4 ± 45.2 367.0 ±34.7 

60 ± 11 62 ± 17 

• We collect and use a dataset of 920 subjects

• This dataset is orders of magnitude large than the ones used in previous works

TOTAL

Number

Age (year)

Weight (Kg)

Dose (MBq/g)

Time (m)

920

48 ± 16 

73.2 ± 13.1 

369.0 ± 42.7 

60 ± 13 
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Motivation
Variations in Tracer Uptake

Organs

• Administered dose

• Imaging time

• Reconstruction parameters 

Subjects
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Motivation
Variations in Tracer Uptake

Organs

• Administered dose

• imaging time

• reconstruction parameters 

Subjects

Need to Provide Enough Context to 
ANN at Inference
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Method
Overal Architecture
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Method
Context-Aware Module
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Method
Context-Aware Module
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Method
Context-Aware Module

• Can effectively self-adapt itself to the inter-/intra- tracer uptake variations


• Comes with negligible increase in training parameters
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Results
Qualitative Evaluation

Not Corrected Corrected by CT Corrected by U-Net Corrected by Ours
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Results
Qualitative Evaluation

Not Corrected Corrected by CT Corrected by U-Net Corrected by Ours
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Results
Qualitative Evaluation

Profile

Not Corrected Corrected by CT
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Results
Quantitative - Joint Histogram

Corrected by U-NetCorrected by Ours
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Results
Quantitative - Relative and Absolute Relative Error
• Average RE for Whole-Body


• U-Net: 2.43 ± 2.94 

• Ours: −2.11 ± 2.73 

• Average ARE for Whole-Body

• U-Net: 14.79 ± 2.37 

• Ours:   13.96 ± 2.32 
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Results
Quantitative - Visual Quality Metrics

• PSNR improved by 0.71dB averaged over all regions

• SSIM improved by 0.0059 averaged over all regions
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Thanks
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