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Al-Based Artifact Disentanglement in '8F-FDG PET

recovered these artifacts and correctly converted them to ASC PET
images without any artifacts.

DISCUSSION

Artifact-free '*F-FDG PET images were used for the devel-
opment of PET-QA-NET framework. PET-QA-NET performance
was evaluated for different '*F-FDG PET image artifacts toward fast
and precise routine QA in the clinic. We demonstrated that PET-
QA-NET could readily pinpoint several artifacts and disentangle
these artifacts, including mismatches and motion, truncation, metal,
and halo artifacts in "*F-FDG PET images. The qualitative assess-
ment performed by 2 experienced readers revealed that the number
of lesions detected did not change significantly between PET-QA-
NET and CT-ASC '®F-FDG PET images, except lesions located in
the head and neck region, where the detection of unifocal abnormal-
ities increased with PET-QA-NET. Nevertheless, there was a clear
improvement in image quality with the correction of significant ar-
tifacts, resulting in an increase in diagnostic confidence, particularly
in the diaphragmatic regions, the pelvis, and the extremities. In
other words, the regions are affected mainly by artifacts in
whole-body '®F-FDG PET images in everyday clinical practice.

Promising results have been reported with different
DL-based ASC methodologies.®! 14161841 EFyrthermore, different
attempts were carried out to generate high-quality pseudo-CT im-
ages from activity distributions and p-maps for ASC purposes.*’
In addition to pseudo-CT generation from emission PET images, di-
rect conversion of PETnonAC to PET-CTAC was also
proposed.®! 1141618 Shiri et al'! proposed and validated a direct
AC and SC framework in the image domain using DL algorithms.
Their approach removed the need for anatomical imaging (ie, CT
or MRI) and addressed some of the pitfalls associated with AC
methods. Their results showed excellent performance (approxi-
mately 2% voxel-wise error only, approximately 10% at most in cer-
tain regions) and were extensively validated on a cohort of more
than 1000 patients. The reference above'' also reported the poten-
tial of direct DL-assisted ASC in removing noticeable respiratory
motion artifacts resulting in mismatch of PET-nonAC and CT im-
ages in the liver dome regions. Significant discrepancies generated
by motion in PET ASC were adequately removed by the DL-based
algorithm that do not require CT images for correction. CT-less gen-
erated PET images have potentially several benefits in different
scenarios, including repeated and multiple PET/CT scans, pediat-
rics, and younger adults because it reduces additional radiation dose
from CT images.'"'*!'®'® However, this dose optimization by elim-
inating CT scans is more important for radiation-sensitive
populations.'"'*1%!¥ In a more recent study by Liu et al,** a meth-
odology for MR image artifact removal was proposed using unpaired
data in which DL removed image artifacts while retaining anatomical
details of MR images. Arabi and Zaidi** used DL algorithms to com-
pensate for truncation and metallic dental implant artifacts in PET/MRI.

Attenuation and scatter correction are the 2 main corrections
implemented on commercial scanners and used in clinical setting
for quantitative PET image reconstruction.®!''*1¢18 A1l artifacts
could potentially propagate to PET images, and they are not easily
detectable owing to the lack of ground truth.® For instance, halo arti-
facts appear near high-activity uptake regions.® Mismatches (eg, respi-
ratory mismatches in the chest, movement in different body regions)
between PET and anatomical images lead to visual artifacts and inaccu-
rate quantification.®'® Respiratory motion causing local mismatch be-
tween PET and CT images, added to the heterogeneous attenuation co-
efficients in the thorax (ie, soft tissue, lungs, and bones), can lead to
high errors in activity quantification.®'' Metallic objects lead to streak
artifacts and void signals in CT and MRI scans, respectively.® Trunca-
tion artifacts, which could occur in obese patients and cases referred
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for PET image-based radiotherapy treatment planning, may also
considerably degrade PET image quality.® Metallic artifacts in CT
could be corrected using metal artifact correction algorithms. These
artifacts could also be partially recovered in MR images through
inpainting.>® Truncation artifacts could be partially recovered by
inpainting algorithms. However, these techniques are not accurate
and could be challenging in overweight patients. Registration algo-
rithms could partially recover misregistration and motion. However,
halo artifacts cannot be easily recovered or compensated.

There is always a potential risk of inaccurate image correc-
tion when using DL algorithms owing to the occurrence of
outliers.""'*'¢ Qutliers could appear in images due to DL model
failure in out-of-distribution cases (not represented in the training
data set) while using the model. These outliers could potentially re-
sult in pseudo-hot or cold regions in PET images, which might
affect patient diagnosis and prognosis.'""'* In a previous study,
we reported on the occurrence of various outliers in direct ASC of
PET images where the DL algorithm failed in multiple cases.''
However, in the current study, as we upgraded our methodology
in different aspects, such as data set, processing, and DL model,
we did not observe any cases in which DL algorithms failed to re-
cover information in all images correctly. Moreover, as mentioned
in our study, our main aim was to provide an artifact-free image
for interpretation, in addition to clinical routine images generated
through CT-ASC. In the current study, we are not promoting the de-
ployment of DL in the clinic as a replacement to conventional
CT-ASC similar to previous studies.''"*'” Instead, we are propos-
ing a methodology providing additional images that disentangle dif-
ferent PET image artifacts. However, caution is always commended
when using DL-based techniques in the clinic.

We developed an emission-based ASC technique to correct
all these artifacts in a single shot. This tool could be integrated into
PET imaging centers as a robust and effective QA method toward
enhancing '*F-FDG PET images with the disentanglement of differ-
ent PET artifacts. Our model was trained on a large data set from 2
PET/CT scanners and then fine-tuned 20% of 8 different centers
owing to the high variability in scanner and data acquisition and re-
construction protocols. However, the training was performed on
oan F_FDG PET studies. Evidently, different radiotracers, such
as °®Ga-labeled compounds, have different biodistributions, and
as such, the current model will not generate correct ASC images be-
cause of the direct correction nature of the proposed method.
Further studies should extend the methodology to other molecular
imaging probes, such as **Ga-labeled compounds, and fully evalu-
ate its performance for the different artifacts. In our study, we eval-
uated the performance of the proposed methods exclusively because
there is no ground truth for nonartifacted images. Further clinical
trials should be conducted to assess the added value of these
methods in real clinical scenarios and to compare them with other
available tools or commercial software. This study provided proof
of the feasibility of DL-based PET image artifact detection and cor-
rection. Further multicentric evaluation using a larger database is
commended before clinical implementation.

CONCLUSIONS

The present work investigated and demonstrated an effective,
clinically feasible, yet powerful framework to detect and compen-
sate for numerous image artifacts in PET images. Our proposed
DL-based PET-QA-NET approach is able to capture and compen-
sate for various PET image artifacts (halo, mismatch, metal, and
truncation artifacts) without a priori knowledge of standard reference
as a new paradigm. As such, it is not merely a quality check technique.
Our proposed framework can be used for QA in routine clinical PET
imaging for fast and efficient detection and disentanglement of various
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image artifacts. Furthermore, it is able to generate artifact-free images,
which could be used alongside routine clinical images.
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