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Recent Advances in Computer Assisted Radiology

and Surgery — A Glance at CARS 2022
E #

The 36th international congress and exhibition of Computer Assisted Radiology and Surgery (CARS2022)
has been held successfully on June 7-11, 2022, in Tokyo, Japan. Although the COVID pandemic troubles the visa
application, more than 70 participants from UK, US, Germany, and other countries outside Japan managed to
present their works in person. The total in-person participants are over 400. And more than 650 people whether
gave video or online presentations. For those who cannot join onsite events, the organizers offered a
streaming/on-demand site that allows them to present their works and join the discussions.

At the opening ceremony, Kensaku Mori from Nagoya University brought a message from the Japan Society
of Computer Aided Surgery as greetings. Heinz Lemke, the chairman, talked about the history and the future of
CARS. Kevin Cleary, from Children’s National Hospital, mentioned the technology components for minimally
invasive interventions and how they are changing/will change the surgery. Yoshihiro Muragaki, from Tokyo
Women’s Medical University gave a short presentation about an operating room assisted by computer called
SCOT, in which some mentioned technology components were practically applied to assist the surgery.

The themes of CARS 2022 main conference cover the computer assisted technologies on radiology and
surgery. The author will pick up some recent advances in CARS 2022 regarding them, respectively, and talk about

some business demo to conclude this report.

eThe recent advances in computer-assisted radiology

Medical image analysis (classification, segmentation, retrieval), reconstruction, and super resolution are still
hot topics on computer-assisted radiology.

For medical image analysis, Ellis Randy (Queen’s University) presented a variational-autoencoder-based
unsupervised method to detect skin cancer from mass spectrometry imaging. Paulo Azevedo-Marques introduced
their work on COVID-19 diagnosis from X-ray. They regarded the DNNs as a feature extractor to compute some
representations for COVID-19 and used these features as anchors to find the COVID-19 cases by k-NN. Zhu
(Nagoya University) proposed an artery segmentation approach by generating the skeleton of artery to help the
sample selection for training.

For reconstruction and super resolution, Bhardwaj (TUAT) proposed a super resolution method for lung CT
scans based on DAN (NIPS 2022) by taking a further step to apply the estimated Gaussian kernel in DAN to super

resolution with Wiener deconvolution.
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eThe recent advances in computer-assisted surgery
Some interesting topics, such as VR and AR are involved in CARS 2022. Flix Haxthausen (Univ. Carlos
III de Madrid) introduced a visualization method of live ultrasound images in HoloLens. Stijn Buck (UZ
Leuven) integrated OpenVR within MeVisLab to a new platform for medical image processing.
Segmentation and classification are still hot topics in CARS 2022. Yuichiro Hayashi (Nagoya
University) adopted Bayesian DenseNet to classify the surgery scenes. The classification results will be used

to indicate the location information in surgical navigation system.

eBusiness demos

Figure 1 shows a demo of computer-assisted surgery in VR system. The operator can take control of
the surgery robot while observing the movements of the robot via a VR system. Compared to video-based
CAS system, VR-based system provides a sense of space and straight-forward distance information between

the tools and the target regions.

Fig. 1 VR demo for computer-assisted surgery (shot by my colleague).

Another interesting device is shown in Figure 2. This device provides force feedbacks when the
surgical tool touches the target regions. Such tactile response can reduce misjudgments when performing a

video-based or VR-based surgery.
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Fig. 2 Force Feedback.

In conclusion, CARS 2022 offered opportunities for the researchers in different fields to exchange their ideas.
There are still many interesting works the author didn’t mention due to the limitation of space. Next year, CARS
will be held in Munich and the submission deadline is supposed to be the early January 2023. If you are interested,

please consider submitting your work to CARS 2023.
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<BEMEE>
Spatial Resolution of FBP Reconstruction Estimated by Edge Spread Function for Circular Disk:
A Simulation Study
Hiroyuki SHINOHARA, Takeyuki HASHIMOTO
[J-STAGE]  [MO]

The edge spread function (ESF) in the circular edge method is obtained directly using the reconstructed
circular disk, but line spread function (LSF) is determined by differentiating the ESF. We investigated the ESF
influenced by subpixel sampling for the filtered backprojection (FBP) images by a simulation study, and
estimated the full width at half maximum (FWHM) using curve fitting to ESF assuming the LSF is given as
Gaussian function. A phantom consisted of 184 mm background disk and 20 mm signal disk; the contrast was
15%, 7%, and —7%; a 200-mm field of view; image size was 1024 % 1024 matrix and 512 x 512 matrix. Edge of
phantom image was blurred by the cumulative distribution function (CDF) of Gaussian function with a known
FWHM, and parallel beam projection data with 1024 (512) radial bins and 1024 (512) /180° angular views were
reconstructed. The circular edge method is affected by subpixel sampling, differentiation and noise, and CDF
Gaussian fitting is effective in reducing the ESF fluctuation. The FWHM by an approximation expression
agreed well with that of numerical experiment when FWHM > 0.276 mm for 1024 x 1024 images and FWHM
> 0.677 mm for 512 x 512 images.

key words: FBP, Spatial resolution, Subpixel sampling, Edge spread function, Line spread function

<BEMEE>
Spatial Resolution Characteristics of Image Reconstruction with Nonlinear Filter-Based L1
Regularization: A Simulation Study
Hiroyuki SHINOHARA, Takeyuki HASHIMOTO
[J-STAGE]  [MO]

Iterative image reconstruction using nonlinear sparsifying transform with L1 regularization for CT has been
reported to preserve contour and texture while decreasing statistical noise. We investigated the spatial resolution

characteristics of this algorithm when applied to a conventional angular views with simulation study. A
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two-dimensional numerical phantom with a 512 x 512 matrix consists of 184 mm background disk with various
20 mm diameter contrast inserts (—60% to +60%). An ideal parallel beam projection data without degrading
factors such as scatter and beam hardening was assumed. The spatial resolution expressed as FWHM was
estimated from the edge spread function for disk. The FWHM of L1 reconstruction using nonlocal means filter
(NLM) and bilateral filter was highly dependent on the contrast, while median filter was not. A threshold §*
exists in parameter § of L1 reconstruction with NLM (L1-NLM) for each object with different contrast; §*
determines the spatial resolution blurring contour most. Contour preservation works effectively if § is set
sufficiently smaller than §* of each object, but the contour is remarkably blurred if it is set to larger than or
equal to 6*. This causes the contrast dependence of spatial resolution in L1-NLM.

key words: L1 regularization, Nonlocal means filter, Bilateral filter, Median filter, Spatial resolution
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