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// EDITORIAL

The field of medical imaging has experienced remarkable progress in recent times and has
emerged as an immensely dynamic area. The rapid advancement in medical imaging has
been fuelled by the healthcare practitioners' need to cope with the ever-increasing demands,
address new challenges, and enhance their understanding of disease diagnosis and treatment.
Moreover, the innovations in medical imaging have enabled us to overcome the limitations of
traditional imaging techniques, facilitating better and more accurate diagnoses.

The development of Artificial Intelligence (AI) technology holds the potential to bring even
more ground-breaking changes to radiology. By analyzing massive amounts of data and, in
real-time, identifying patterns invisible to the human eye, Al has the potential to revolutionize
procedures.

Alhas many benefits in reducing the compromise between speed and image quality in
medical imaging. For patients, this means shorter wait times and more comfortable scans.
For clinicians, it means faster diagnoses and more accurate treatment decisions.

Through Altivity, Canon is changing the game. Altivity is our approach to Al, which
consolidates our range of deep learning and machine learning technologies to help clinicians
deliver better outcomes to their patients and their business. Altivity reaches across the whole
spectrum of modalities, and we are enhancing our expertise in Al continually through a
growing range of effective tools that integrate deeper into healthcare.

For example, Canon's Dynamic Device Stabilizer (DDS) technology, powered by Altivity, can
enhance the precision of image-guided interventions. This technology newly introduced

this year in the Angiography System can help reduce exam times, radiation exposure, and

the use of contrast agents, ultimately increasing clinicians' confidence in their work. This
results in more precise and efficient treatment with a minimized risk of complications during
procedures.

Looking ahead, Diminished Reality is an exciting field for research. By integrating it with
Altivity-powered Al algorithms, we can potentially eliminate unnecessary or distracting
elements from images, enabling medical professionals to concentrate on critical aspects of
the procedure. This approach, in image-guided interventions, has the potential to enhance
accuracy and efficiency, improve patient safety by reducing the cognitive burden on the
clinician, and prevent errors. Ultimately, this can lead to better outcomes for patients.

Overall, AT holds great promise for the future of radiology. As a constantly evolving field, it
hasalready seen significant contributions that demonstrate Al as a powerful tool which can
improve the speed, quality, and safety of medical imaging. As Al technology continues to
develop, we can expect to see many more benefits across all modalities in the years to come.

TRISTAN LAWTON
Chief Clinical Officer.
Canon Medical Research Europe Ltd.
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Dr. Sanjeevan Pasupati,

Waikato Hospital in Hamilton, New Zealand
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INTERVIEW // INTERVENTIONAL X-RAY // Alphenix Core +, DDS, Echo Fusion

Pushing the Boundaries
of Interventional
Cardiology with

Alphenix

Dr. Sanjeevan Pasupati, Director of Structural Heart Disease &
Cardiovascular Research at Waikato Hospital in Hamilton, New
Zealand, is an interventional cardiologist specialized in angio-
plasty and percutaneous interventions for valvular and struc-
tural heart disease. As one of New Zealand's leading cardiologists
in structural heart disease, he has mentored many international
and local sites in the development of Transcatheter Aortic Valve
Implantation (TAVI). Dr. Pasupati is internationally renowned for
testing and developing new devices for structural and coronary
disease and is widely published in this area. He is also a speaker
at interventional meetings around the world and sits on the sci-
entific advisory boards of various cardiac device companies.

aikato Hospital was the
first comprehensive
structural heart centre in

New Zealand. It performs over one
thousand PCIs a year and the number
of complex PCIs and high-risk cardiac

interventions is continually increasing.

Dr. Pasupati attributes this increase to
improvements in devices and pharma-
ceuticals, an increased understanding
of equipment, and innovations in
imaging technology.

“All of these advancements have an
impact on the outcomes of angio-
plasty and have brought angioplasty
indications more and more on par
with bypass surgery for a lot of the

cases we perform,” he says. “Now very
seldom does a patient who comes with
an acute cardiac coronary event go

to a cardiac theatre. And if you want

to push the boundaries, you need

the right Cath Lab and ultrasound
imaging.”

The hospital's Alphenix system fea-
tures a range of advanced technologies
that help operators deliver the best
possible outcomes to patients. “I would
confidently recommend Canon inter-
ventional systems to any site looking
to grow their interventional cardiology
service, most importantly because they
are the most reliable systems [ have
used.”

© 2023 CANON MEDICAL SYSTEMS / MOIGEOO40EAC
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You really can push the
boundaries with the
right Cath Lab and echo
imaging.

Dynamic Device Stabilizer
(DDS,) for real-time Al-assisted
stent imaging

“Dynamic Device Stabilizer technol-
ogy hasbeen a great addition to our
department. Using Deep Learning it
automatically detects balloon mark-
ers in real time, without any manual
input,” claims Dr. Pasupati. “Once
detected the markers are held stable
and surrounding structures such as
stents are magnified and enhanced
to allow easier assessment of device
placement and deployment.”

« DDS uses Deep Learning to display stable stent-enhanced
images that support decision-making in treatment.

- DDS provides live enhanced images not only in DA, but
also in fluoroscopy to support treatment while reducing

radiation exposure.

- An automatic display function offers seamlessly enhanced
images for smoother procedures.

DDS, powered by Altivity, utilises

Deep Learning to automatically detect
balloon markers within an image.
Once activated, DDS functions in an
“always on” capacity and will detect
and enhance any fluoroscopy or acqui-
sition images when balloon markers
are detected.

“DDS is a great compliment to my

live fluoroscopy and digital acquisi-
tion, "Dr. Pasupati adds. DDS uses Al
intelligence to give live stent enhanced
images. Image quality lies between
digital acquisition and stent enhanced
(boost). This is obtained with radiation
similar to live fluoroscopy with no
processing delay which significantly
improves workflow, accuracy and
radiation.”

Echo Fusion technology

“The latest addition in advanced
technology is to bring live Echo
Fusion to the Cath Lab. Canon uses Al
technology to automatically track the
echo probe to maintain the accuracy
of the fused images on the screen.
This means we can better concentrate
on the case without spending time to
highlight the probe position with the
orthogonal fluoro imaging. It also gives
us more confidence knowing there
isahigher degree of accuracy of the
fused images because of the contin-
uous re-registration when the c-arm
is moved. This is a unique feature for
Canon advancing in this space.”

Dynamic Device Stabilizer

| S
‘:“ ‘l:.
f A
§ |

*: Dynamic Device Stabilizer is an option of Angio Workstation.
Angio Workstation contains the technologies that are powered by Al.
The Altechnology was trained during the development phase. When implemented into the product, the Al function no longer self-learns.

powered by .’.Q\'AltiVity —
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Zero click probe detection or
Automatic probe detection
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Canon’s Echo Fusion, powered by
Altivity, uses Deep Learning for auto-
matic probe detection within 5 seconds
of pressing the fluoro pedal.

The system operates as a function
within the Alphenix Workstation Pro
and provides a 3D roadmap of the TEE
overlaying live fluoroscopy. The marker
and color Doppler are also displayed in
parallel to the main image display.
Alisused for automatic detection of
the probe position, reducing the num-
ber of workflow steps and increasing
examination speed.

Marker display

High-Definition (Hi-Def) imag-
ing - successful magnification
for bypass patients

Canon's High-Definition imaging

is a valuable tool when performing
interventions on patients who have
previously had bypass surgery. With
additional metal on the chest wall,
stent enhancing technologies are
unable to segment the stent. Most
detectors work on 150-200 micron
pixels but the High-Def panel reduces
the pixel size to 76 microns to min-
imize distortion when images are
optically magnified. This allows stents
to be better visualized when traditional
enhancers or boosts fail. “This is great

High quality 2D and color display

when I need to check if a stent is ade-
quately expanded or when I am trying
to cross through a side hole when
intravascular imaging can't be used or
not available.”

Alphenix interventional systems
feature the world's first high-defini-
tion detector within the 30 x 40 cm
detector panel. The high-definition
part displays at 76-micron pixel
imaging modes. At more than twice
the spatial resolution of conventional
flat panel detectors (FPD), the unique
Hi-Defimaging mode allows you to
effortlessly zoom up to 4 cm (1.5")
without losing image quality. This
helps clinicians visualize fine details

© 2023 CANON MEDICAL SYSTEMS / MOIGEOO40EAC
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and anatomical structures and deploy
devices with accuracy and confidence.
While Waikato Hospital doesn't
perform paediatric structural heart
procedures, Dr. Pasupati comments
that Hi-Def imaging would be an asset
to sites with paediatric service, as it
would help visualize and position the
smaller paediatric devices without
increasing total procedural dose.

I'm a control freak and
Alphenix gives me greater
control and flexibility.

“The tableside tablet is a game changer in
the Cath Lab that significantly improves
workflow,” Dr. Pasupati assures us. “I've
configured it to what I like for diagnostic,
interventional and structural procedures
everything I need is in front of me with
aclick ofa button.” Cardiac Cath Labs
often operate with skeleton staff and the
radiographers are often busy. So having
easy access to all necessary functionality
I need improves the workflow and helps
complete cases faster.

“The Alphenix systems have great
flexibility to support me in complex
cardiology procedures. With resource
restriction it's becoming imperative to
be autonomous to manage the Cath Lab
functions by the operator.” he continues.

“The 30 x 30 cm detector -~

configuration means our lab

is truly multi-purpose; well
suited for structural and

interventional procedures.’

Director of Structural Heart Disease & Cardiovascular Research,
Waikato Hospital, Hamilton, New Zealand

“Canon have been the pioneers with
detectors moving fingertip to fingertip
and head to toe without any table move-
ment. The detectors remain self-aligned
to the patient independent of C-arm
movement. This improves the work flow
with safe radial and other peripheral
access. This is extremely valuable for
supporting safe radial access. I'ma
control freak and I like to control things
myself. The Alphenix’s flexibility and
range of patient access allows me to stay
focused on the patient.”

There is an increasing need for
structural procedures to be performed
under anaesthesia with or without TOE
guidance. The Alphenix allows us to
position the C-arm offset at 45 degrees

7

Dr. Sanjeevan Pasupati,

to the table, providing enough space
for the echo system and giving the ICU
and anaesthetic teams with keeping
better visibility and communication
between the teams.

“Most Cath Labs use the 20 cm x 20 cm
panels for coronary interventions. With
the growth of the structural interven-
tions performed in the same lab, the
detectors have increased to 30 cm x 40
cm which can be bulky for day-to-day
coronary use. Canon hasa 30 cm x 30
cm detector which is a great compro-
mise for both coronary and structural
procedures. Canon also has one of

the slimmest detector housing which
eliminates the bulkiness and provides a
greater field of view when needed.

12 // VISIONS SPECIAL 04



The 30 x 30 cm configuration isa
perfect balance and means that our

lab is truly multi-purpose; well suited
for structural and interventional
procedures.”

The automatic cine replay function
and additional reference monitor are
extremely useful, particularly for struc-
tural work. “We utilise it almost daily
for TAVI procedures,” he says. “When

we are deploying a valve, I have one

With more complex cases
being treated in the cath-
lab, DTS is a critical tool
for operators to ensure
that long cases are safe for
patients.

“With more complex cases being
treated in the Cath Lab, Canon’s Dose
Tracking System is a critical tool to
help ensure that long cases are safe
for the patient. It is extremely valu-
able in long procedures like mitral
clip implantation, CTO procedures
and complex multivessel PCIL. These
procedures require a lot of fluoroscopy,
it is common to remain in the same
view for an extended period of time
and they can involve high radiation

hand holding the valve and if you need
to let go to access your previous run,
the valve may move. On the Alphenix I
don't need to do anything; I can always
visualize the last view on my second
screen. This is a superior feature of the
Alphenix, one that helps with clinical
confidence and workflow in complex
cases.”

During deployment of Evolut core
valves, Dr. Pasupati now does what is

Dr. Sanjeevan Pasupati,

doses. As an operator you are very
focused on the patient and the case
and the real time patient dose feedback
that DTS provides becomes critical. It
provides alerts and allows me to mod-
ify my approach to ensure that dose
thresholds are not exceeded and helps
minimise the patient’s risk of radiation
injuries.”

“Cardiac catheterization labs need to
be reliable and the Alphenix is the
most reliable interventional cardiology
system I have worked with,” claims

Dr. Pasupati. “Canon provide the best
service and support in New Zealand.
Downtime on our Alphenix interven-
tional systems is minimal and Canon
take a pro-active approach to ensuring
that we are well supported.”

called a cusp overlap technique, which
involves a deep RAO caudal view. His
team then rechecks the valve at the
other end with an LAO projection.
Having an additional reference mon-
itor allows them to store and access
both images, which makes life much
easier.

“The Alphenix is the most
reliable interventional
cardiology system

I have worked with.”

Director of Structural Heart Disease & Cardiovascular Research,
Waikato Hospital, Hamilton, New Zealand

“We are now on the 3rd generation of
the Cath Labs at Waikato Hospital, and
the latest image quality, workflow and
range of advanced technology along
with their impressive service made it
an easy choice for us.” 7

This article is a reprint from the VISIONS
SPECIAL Interventional X-Ray No.07,
published by Canon Medical Systems.
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NEWS, PRODUCT // INTERVENTIONAL X-RAY // Alphenix / Evolve Edition

Canon new Alphenix / Evolve Edition Angiography system, which was introduced in August
2023, has opened new windows of opportunity for interventional cardiologists. Unique

Deep Learning technology with real-time application enables users of the Alphenix / Evolve
Edition to enhance imaging and reduce the time and radiation dose required for routine and
complex interventional cardiology procedures, such as Percutaneous Coronary Intervention
(PCI) and Structural Heart Disease (SHD) treatments. The results are increased success in
these intricate procedures and improved safety for clinicians and patients.

maging plays a crucial role in

PCI and SHD interventions, from

preprocedural evaluation and
device size selection to treatment and
follow-up. With the number of patients
requiring these interventions grow-
ing rapidly on a global level, Canon
Alphenix / Evolve Edition Angiography
System supports these complex
procedures and enables clinicians to
advance further with them than ever
before.

“Interventional cardiology depart-
ments are faced with growing clinical
demands, financial pressures, and
the need for improved efficiency,

as the number and complexity of
cases increase,” remarked Kunitoshi
Matsumoto, Global General Manager
of Canon Vascular Systems Division.
“To meet these challenges, Canon
Medical has introduced the Alphenix /
Evolve Edition.”

Technology that supports
progress

The new Angiography system features
Canon most advanced Deep Learning
technology, - aEvolve Imaging -

which includes a whole new suite of
Al-technologies developed to provide
instantaneous, real-time assistance
for key diagnostic and therapeutic
decisions without interrupting
workflow. aEvolve Imaging utilizes
Deep Learning based noise reduction
and multi-frequency processing to
provide cleaner, sharper, more defined
images. Its complex algorithm
enables outstandingly clear fluoro-
scopic imaging, which can deliver up
to two times higher contrast-to-noise
ratio compared to conventional image
processing.

aEvolve Imaging has been developed
by Canon and tested in several leading
centers of healthcare expertise, includ-
ing Kumamoto University Hospital
(Japan).

“We have rigorously tested our new Al
technologies in both development and
clinical phases and are extremely con-
fident that they will have a big impact
on clinical success in interventional
cardiology,” said Kunitoshi Matsumoto.

{0 Altivity

Canon Medical'’s Altivity
Introducing Altivity, our bold
new approach to Al innovation
that uses smart technologies
to make a whole new level

of quality, insight and value
across the entire care pathway
possible. Designed specially

to address the growing
complexities of interventional
cardiology we developed
aEvolve Technology, powered
by Altivity. Leveraging
Artificial Intelligence,

aEvolve Technology provides
innovative solutions to support
high quality, safe and efficient
diagnosis and treatment while
improving the experience

for patients and healthcare
workers.

© 2023 CANON MEDICAL SYSTEMS / MOIGEOO40EAC
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aEvolve Imaging (Fluoro)

“By deploying Al expertise to the
field of interventional cardiology,
we have full confidence that
this will offer impactful tools to
physicians and, most importantly,
enhance patient care.”

Erwan Ladsous, European Director Interventional X-ray,

Canon Medical Systems Europe.

“The initial experiences of those
involved in the clinical evaluation of
aEvolve Imaging on the Alphenix /
Evolve Edition was recently intro-
duced at EuroPCR 2023! in Paris with
very positive results.”

Better image quality with minimal
dose is particularly valuable in
intricate interventional cardiology
procedures, such as those required
during PCI for maneuvering devices
and confirmation of coronary blood
circulation. It is also to obtain a

deeper or improved perception

of structure or anatomy, and gain
better image comprehension in
challenging situations, such as
where steep angulation is required,
as well as examinations for obese
patients.

With basic image quality drastically
improved, the use of contrast media
and X-ray dose can be minimized.
As an example, Kumamoto
University Hospital in Japan
succeeded in reducing X-ray dose

by up to 30% compared to the normal
system settings with use of aEvolve
Imaging.

Building on existing strengths
The Alphenix / Evolve Edition lever-
ages the strengths of existing Alphenix
technologies, such as the ergonomics
of the C-arm with a range of C-arm
positions that provide coverage from
head-to-toe and fingertip-to-finger-
tip. It can be moved to pretty much
anywhere required without having to
move the catheter table. The system’s
12x12inch Flat Panel Detector (FPD)
technology also supports complete
procedural flexibility.

And the integrated cardiac-optimized
technologies help deliver the best
possible outcomes to patients. These
include tools to simplify procedure
planning, technology to help users
see and navigate in confidence, and
better protect patient and clinical
staff with a comprehensive suite of
dose optimization technologies, such
as the Dose Tracking System (DTS)
that provides real-time information
on radiation dose.

16 // VISIONS SPECIAL 04



Advanced tools for specific
procedures

In addition, the Alphenix /Evolve
Edition features a number of new
Al-based tools that offer a new level
of support for complex interventional
cardiology procedures.

The Dynamic Device Stabilizer (DDS)
utilizes Deep Learning technology to
automatically detect balloon markers
in real-time, magnifying and stabiliz-
ing the image on a separate screen to
assist visualization and assessment
during complex PCIL.

Echo Fusion supports better visibility
for SHD procedures such as Left Atrial
Appendage Closure (LAAC), by tap-
ping into Deep Learning intelligence
to automatically identify the echo-
cardiography probe and efficiently
fuse the fluoroscopic and echo image
without additional operator input. “By deploying Canon Medical’s
Al expertise to the field of
interventional cardiology, we
have full confidence that this

“We are very proud to bring these
meaningful innovations to the
market,” said Erwan Ladsous,
Canon Medical's European Director
Interventional X-ray.

will offer impactful tools to phy-
sicians and, most importantly,
enhance patient care.” 7

powered by & ‘:' Altivi ty
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TECHNOLOGY // HEALTHCARE IT // Automation Platform, Vitrea Advanced Visualization, Aquilion Prime SP

VISIONS spoke with Stijn Bollen, Radiologist,

and Melissa van den Bos, Medical Physicist Expert
at the Groene Hart Ziekenhuis (GHZ) in Gouda,
the Netherlands.

Leveraging
Additional Layers
of Intelligence

Research-led advances in healthcare practices sometimes
requires the acquisition of new technology. One recent example
is the adoption of new guidelines on stroke assessment protocols
in the Netherlands following integration of results from the

MR CLEAN study! - a trial of intra-arterial treatment for acute
ischemic stroke, and the MR CLEAN-LATE study?. These studies
provided new insights in the treatment of ischemic stroke

made possible through the use of CT brain perfusion after brain
infarctions. This imaging technique was found to give a good
indication of brain tissue status before deciding the best options
for neuro intervention or thrombolysis.

ith the introduction of GHZ is a general hospital that offers
; ’ \ } new protocols across the state-of-the-art medical care from

Netherlands in 2021, the four different locations, from which
Groene Hart Ziekenhuis (GHZ) in Gouda is the main location (Gouda,
Gouda, the Netherlands, was able Bodegraven, Schoonhoven, and
to fulfill the new guidelines thanks Zuidplas) all of which lie within the
to Canon technology. Stijn Bollen, “Groene Hart” (Green Heart) area of
Radiologist, and Melissa van den Bos, the Netherlands. It has two Canon
Medical Physicist Expert at the GHZ, Aquilion Prime SP CT scanners with
explain how the systems and software Vitrea Advanced Visualization and
assist their work. Automation Platform.

* Automation Platform offers an Al-based zero-click solution, which utilizes deep learning technol-
ogy. Analyzing clinical images is done by each application on the platform.

© 2023 CANON MEDICAL SYSTEMS / MOIGEOO40EAC
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“At the end of 2021, we implemented
the brain perfusion CT protocol in
addition to CT angiography for detect-
ing acute infarctions and calculating
the percentage of penumbra and

core, to follow the new updated Dutch
guidelines,” said Stijn. “With imple-
mentation of this new protocol, we also
started to use the Automation Platform
from Canon to confirm the diagnosis of
ischemic stroke and to estimate tissue
viability.”

“During the day and night, we scan
patients with symptoms of brain
infarction, therefore, we make use of
Canon Automation Platform,” added
Stijn.

New perspectives

GHZ opted for the Automation
Platform because it helps their radiol-
ogists obtain brain perfusion maps
for direct assessment, and enable fast
indication of Large Vessel Occlusion

(LVO) and detection of Intracranial
Hemorrhage (ICH).

“After performing a CT brain perfusion
scan, the CT slices are sent to the
Automation Platform for analysis. The
analyzed brain perfusion maps, includ-
ing indication of large vessel occlusion
or intracranial hemorrhage, are saved
and shown in PACS, consistent with
normal workflow for CT imaging,”
explained Melissa.

“The greatest impact of the
Automation Platform for
the team is seen during
night-time, due to the quick
availability of the images.”

Stijn Bollen, Radiologist, the Groene Hart Ziekenhuis (GHZ),

Gouda, the Netherlands.
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“They provide observer-independent
analysis/volume determination,”
continued Melissa. “The analysis of brain
perfusion maps created by Automation
Platform correspond with manually ana-
lyzed brain perfusion images of patients.”

GHZ have undertaken their own stud-
ies to assess the results obtained by the
Automation Platform. They compared
the penumbra and core volumes
analyzed by the Automation Platform

with manual analysis using the Vitrea
Advanced Visualization workstation
and found no large differences.

The neuroradiologists at GHZ also use
the analyzed brain perfusion maps
from the Automation Platform.

Benefits of ICH and LVO
applications

Previously, radiologists could only
rely on analysis of the unenhanced CT

brain scan for evidence of an infarc-
tion, mass, or hemorrhage, and CT
Angiography of the brain from which
to find vessel occlusions or other
abnormalities.

The introduction of Canon Automation
Platform provides extra tools to
exclude hemorrhage and large vessel
occlusion through its ICH (CINA ICH)
and LVO (CINA LVO) applications.

“Within the context of ‘time is brain’
in diagnosing patients with symp-
toms of brain infarction, Automation
Platform has definitely improved

the speed and quality of diagnosis in
acute stroke,” said Stijn. “The main
diagnostic advantage is the LVO/
ICH indication on the native and CTA
images.”

“It gives an additional value in the
level of confidence for the radiologist,”
continued Stijn. “When there is a
perfusion defect, with no acute occlu-
sion or spasm, the radiologist is more
focused on finding alternative causes,
such as spasm or smaller peripheral
occlusions.”

© 2023 CANON MEDICAL SYSTEMS / MOIGEOO40EAC
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Perfusion maps

Using the systems, the radiologists
are able to obtain CT Perfusion (CTP)
maps that show CBV (Cerebral Blood
Volume), CBF (Cerebral Blood Flow),

MTT (Mean Transit Time), and Tmax
(Time to maximum).

“The CTP maps gives an indication of
whether an endovascular therapy, such
as intra-arterial thrombolysis in a later
time window would still be useful,”
explained Stijn. “The maps are accu-
rate. The workflow improves because
there is no need to open the Vitrea
Advanced Visualization to obtain the
perfusion maps.”

“Vitrea and Automation
Platform are stable and
reliable software systems
within the hospital.”

Melissa van den Bos, Medical Physicist Expert,
the Groene Hart Ziekenhuis (GHZ), Gouda, the Netherlands.

Full training

When the Vitrea Advanced Visualization
and Automation Platform were initially
installed, the radiologists at GHZ
received training on the brain perfu-
sion maps and calculating volumes.
Training on the Automation Platform
was provided to the hospital’s radiolo-
gists and some CT technicians when it
was operational. And the radiologists
received additional training in learning
how to access and interpret the extra
images, which include Large Vessel
Occlusion (LVO) and Intracerebral
Hemorrhage (ICH) indication. The CT
technicians also received training for the
scan protocol for perfusion scans.

“We have a good relationship with

the Canon Medical Team,” remarked
Melissa. “The technicians gave good
support when the Aquilion Prime SP
CT, Vitrea Advanced Visualization

and Automation Platform systems
were introduced, and they continue

to provide great support, for example,
when we have questions. We were able
to transfer their know-how in the form
of excellent support.”

Making new protocols easy
Canon Vitrea Advanced Visualization
and Automation Platform systems
have not only enabled GHZ to
integrate the new Dutch guidelines
on assessment of stroke patients into
clinical practice, but they provide
ease of use that has improved work-
flow and diagnostic confidence. #
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Advances in Diagnostic Imaging in the
Field of Otolaryngology Made Possible
by Ultra-High Resolution CT with AiCE

Prof. Satoshi Yoshioka

powered by ("_." AItiVity

The Department of Otolaryngology / Head and Neck Surgery at our hospital encompasses a broad range
of highly specialized fields which require precise imaging and understanding of both macroscopic and
microscopic anatomy for the evaluation of a wide variety of anatomical structures and diseases.

In diagnostic imaging exams, extremely detailed morphological analysis is essential for the assessment
of function and pathology. In addition, imaging must be individualized for each patient to acquire the
specific information required for treatment planning.

The development of CT technology has focused on increasing the number of detector rows, achieving
faster gantry rotation, and reducing the exposure dose. In 2017, the introduction of the high-resolution
CT system Aquilion Precision, which features remarkably high spatial resolution, led to a true revolu-
tion in clinical practice. This report describes the clinical advances in the field of otolaryngology that
have been made possible by Aquilion Precision and the Deep Learning Reconstruction technology
known as Advanced intelligent Clear-IQ Engine (AiCE)*.

* Deep Learning technology is used in the design stage of image reconstruction processing in AiCE. The CT system itself does not have self-learning capabilities.

Clinical application of Aquilion Precision within soft tissues could be clearly visualized, which was of
great clinical value in evaluating the morphological charac-

1. Paranasal sinuses teristics of the lesion.

In endoscopic surgery for patients with sinusitis, a preopera-

tive assessment of the fine anatomy is essential. Of partic- 2. Tongue and mouth

ular note are the frontal sinuses, etc., but since the surgery The prognosis of patients with tongue cancer is strongly

is performed in close proximity to the orbit, skull base, and influenced by the presence or absence of lymph node metas-

other vital structures, an accurate preoperative assessment tasis, which frequently occurs in patients with this type of

of the nasal and sinus anatomy, which varies from patient to cancer. The depth of invasion has been reported to be more

patient, is necessary. important than the size of the primary tumor for evaluating

Aquilion Precision can clearly depict
thin bony structures adjacent to
retained fluid, providing essential
information for surgical planning to
ensure safe and effective treatment.
Figure 1 shows a patient with rapidly
progressive visual impairment and
visual field defects. Aquilion Precision
shows a lesion in the sphenoid sinus,
the narrow optic canals, bony destruc-
tion advancing toward the cranial base,
and extension of the lesion into the
orbital tip. The lesion was later identi-

fied as a myeloma. Subtle pathologic Figure 1: Myeloma, 71-year-old man
changes in bony structures located = Extension of the tumor into the orbit and skull base is depicted along with fine bony destruction
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the probability of lymph node metastasis and assessing the
patient's prognosis. This has led to the inclusion of depth of
invasion in the T classification for cancer staging. Aquilion
Precision is extremely useful for assessing the depth of
invasion.

In Figure 2, the lesion was judged to be T1 according to

the standard T classification. However, an image acquired
by Aquilion Precision (Figure 2a) showed the presence of
thin but deeply extending tumor invasion. The depth of
invasion was judged to be 12 mm, and tumor resection
with tongue reconstruction was performed based on the
CT findings strongly suggestive of deep invasion. In subse-
quent pathological examination, the depth of invasion was
found to be 11 mm (Figures 2c and 2d), showing excellent
agreement with the findings of preoperative CT examina-
tion. As demonstrated in this case, Aquilion Precision can
provide extremely useful information for the preoperative
assessment of tongue cancer, serving as an innovative new
approach to treatment planning.

3. Larynx

Extremely precise positional adjustment is required when
performing surgical procedures such as repositioning of the
vocal folds to restore phonation, and it has been reported
that Aquilion Precision is clinically useful for preoperative
evaluation and surgical planning in such cases.!

Application of AiCE in the field of otology

AiCE is an advanced reconstruction technology in which
Deep Learning is trained to reduce noise in CT images in
order to perform ultra-high resolution imaging at the same
dose as a normal resolution scan. As a further extension

of this technology, AiCE Inner Ear was released in the fall
0f2022. By employing suitable parameters for high-defi-
nition images acquired by Aquilion Precision, it is possible
to obtain images with even higher quality than those
acquired by conventional systems. Some examples of the
clinical application of Aquilion Precision at our hospital are
presented below.

b : Contrast MRI

d : Cytokeratin stain
Fat-suppressed T2WI|

a:Contrast CT specimen

c: HE stain specimen

DOl by histopathology:11 mm

Figure 2: Deep invasion of tongue cancer in a 75-year-old woman

1. Morphological evaluation of cholesteatoma

In surgical procedures for cholesteatoma, the lesion is
removed by opening the temporal bone. And in many cases,
the ossicles are removed together with the lesion, necessitat-
ing reconstruction using cartilage, bone, or artificial materi-
als. It is therefore essential to obtain a clear understanding
of the extent of destruction to critical structures caused by
the cholesteatoma. Figure 3 shows a patient with a progres-
sive cholesteatoma. Invasion into the tegmen tympani has
resulted in a defect in the cranial base. The low noise images
obtained using AiCE (Figure 3b) allow the subtle morpholog-
ical changes in the lesion to be clearly observed, providing
useful information for preoperative evaluation to assess the
spread of the lesion into other important structures such as
the semicircular canals.

2. Low-dose scanning in pediatric patients

Figure 4 shows images of a patient with hypoplasia of

the auditory ossicles. This patient was a young child, and
scanning was therefore performed with the lowest possi-

ble dose. Because the patient was scanned at a CTDIvol of
10.8 mGy, the original image (Figure 4a) has high levels of
noise, but with the use of AiCE (Figure 4c), the hypoplasia
and malposition of the auditory ossicles and the vestigial
stapes are clearly depicted. AiCE is particularly useful for the
visualization and morphological evaluation of extremely

-.; :i
R ™ %
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“a:original . 'b:AIDR3D

¥

Figure 3: Progressive cholesteatomatous tympanitis in a 77-year-old man

=>: Invasion into the tegmen tympani, resulting in a defect (%) in the

cranial base

* Adaptive Iterative Dose Reduction 3D

Figure 4: Hypoplasia of the auditory ossicles in a 17-month-old girl
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small structures when performing low-
dose scans in pediatric patients, including
neonates and infants.

81-year-old man
Retrofenestral
otosclerosi

3. Evaluation of decalcification and
sclerotic lesions

Otosclerosis is characterized by slowly
progressive calcification in the middle
ear due to chronic inflammation, which
leads to impaired mobility of the auditory
ossicles. Surgical removal and cleaning
are performed in these patients, and AiCE

55- year—old man
Fenestral
otosclerosis

is useful for precisely visualizing the
extent of calcification. Otosclerosis is a
progressive condition in which abnormal
bone calcification occurs in areas near the
oval window and membranous cochlea,
interfering with the movements of the sta-
pes. The procedure for repair of the stapes
is one of the most precise microsurgical
procedures in which a millimeter-scale
artificial auditory ossicle is implanted in
an opening created in the stapedial foot-
plate. Aquilion Precision combined with
AiCE is particularly useful for preoperative
evaluation in such cases. Figure 5 shows
images of two patients with abnormal
decalcification that is difficult to see in

a:original

the AIDR 3D image (Figure 5a) or original
image (Figure 5b) is clearly depicted with
reduced noise levels in the AiCE images
(Figures 5c and 5d).

4. Evaluation of fine anatomical structures

In recent years, following the introduction of innovative
endoscopic procedures for the treatment of middle ear
abnormalities, it has become increasingly important to
obtain a clear understanding of the 3D anatomy of fine soft
tissue structures such as the tendons and nerves in the ear.
With AiCE, the tensor tympani muscle and tendon and the
chorda tympani can be clearly visualized (Figure 6).

Satoshi Yoshioka, PhD

Assistant Professor, Department of
Otolaryngology / Head and Neck Surgery,
Fujita Health University, Aichi, Japan

a:AIDR 3D

i' ¢
g e

By Red circle indicates
8 abnormal
decalcification

| CTDIoi62.1 MGy

decalcification

CTDlo163.5 mGy

Figure 5: Otosclerosis in two patients
-: Abnormal decalcification

b : AIDR 3D

CTDlvol : 54 mGy

Figure 6: Visualization of the chorda tympani in a 47-year-old woman
-: Chordae tympani running between the auditory ossicles behind the tympanic membrane
and continuing downward in the temporal bone

=>: Tympanic membrane

Conclusion

In the field of otolaryngology, in which individualized care is
of particular importance, we have found Aquilion Precision
with AiCE to be of great clinical value and will continue to
make efforts to further expand its clinical application. //

References
! Miyamoto, M., et al. Eur. Arch. Otorhinolaryngol., 276:3159-3164, 2019.

This article is a translation of the INNERVISION magazine, Vol.38, No.6,
2023.

Disclaimer
The contents of this report include the personal opinions of the author
based on his clinical experience and knowledge.
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PIQE: Reach a new peak in image qual-
ity for heavily calcified coronary arteries

Prof. Mickaél Ohana MD, PhD

powered by . O AItiVity

“The first time I saw PIQE images, I was surprised by the unexpected combination of high resolution
and low noise.

Cardiac CTA is traditionally limited in patients with heavily calcified coronary arteries due to bloom-
ing artifacts. PIQE overcomes this by providing sharper boundaries and better delineation of the
calcifications, thus allowing a more confident evaluation of these difficult cases.

PIQE is undeniably a valuable Al technical innovation for challenging coronary CTA.”

Prof. Mickaél Ohana MD, PhD

Patient History

This 82-year-old patient with a prior diagnosis of COVID-19 underwent a chest CT scan which
demonstrated severe coronary calcifications. The patient was referred to the cardiologist who
requested a calcium score and a coronary CTA scan due to non-specific ECG changes. The coronary
CTA images were reconstructed with Precise IQ Engine (PIQE) Super Resolution Deep Learning
Reconstruction*.

*1: PIQE is designed to fully utilize the maximum resolution of the detector.

Results

Agatston score: 2118

Angio MIP Hybrid Iterative Reconstruction
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Hybrid Iterative
Reconstruction

Hybrid Iterative Reconstruction

The calcium scoring scan showed extensive Coronary Artery
Disease (CAD) with an Agatston score of 2118. In the CTA
scan, the Left Main coronary artery (LM) and the proximal
and mid-segments of the Left Anterior Descending artery
(LAD) show significant wall calcifications with 25-49%
stenosis in all these segments.

resolution resulted in less blooming artifacts, allowing a
more confident assessment of the lumen patency even in the
presence of circumferential calcified plaques.

Technology

PIQE maximizes the inherent spatial resolution of Cardiac
PIQE provides better depiction of the vessel lumen which
is sharper and less noisy compared to Hybrid Iterative
Reconstruction. In this patient, the increased spatial

CTA examinations performed with a one-beat scanning
technique provided by the 16 cm coverage of the
Aquilion ONE CT scanner.

o Training data preparation

PIQE's 3-Dimensional Deep Convolutional Neural Network (DCNN) is trained using Acquisition

high quality cardiac cases acquired on the Aquilion Precision, which is equipped with a Scanner Model: | Aquilion ONE /

160 row x 0.25 mm detector, able to resolve anatomical detail as small as 150 microns. PRISM Edition

From this Ultra-High Resolution (UHR) CT scanner, pairs of 0.25 mm UHR and 0.5 mm Scan Mode: ECG gated

simulated Normal Resolution (NR) images can be produced from a single acquisition and Volume

have perfect spatial alignment, ideal for training the neural network. Collimation: 0.5 mm
Exposure: 100 kV,

e Training PIQE “"*Exposure
Simulated NR images (0.5 mm) correspond to the input data to the DCNN and the corre- Hoizitlon e, GRS S
sponding UHR images (0.25 mm) are used as the gold standard target data. Reconstruction: | PIQE
The 3D DCNN learns to maximize the inherent resolution possible with NR images and CTDI vol: 11.1mGy
enhance resolution further while decreasing noise. DLP: 1772 mGy-cm

Effective Dose: | 2.48 mSv
Clinical implementation Kfactor: 0.014*

Once trained the network is validated and installed in the Aquilion ONE / PRISM Edition,
where it does not continue to learn.

*2: American Association of Physicists in Medicine (AAPM) Report 96, 2008.
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0 Training Data Preparation e Training PIQE

Aquilion High Resolution CT Anatomical
Precision Acquisition Model Model
ey ¥ Scanner Physical 3D Deep Convolutional Aquilion
| Image Model Model Neural Network Precision
J Recon
F Statistical Optics _
oy Model Model ik
SHR Data SHR Sinogram Target Data
Acquisition . . =
NRS: lat 1
Hmutation Simulated dose reduction -
Input Data: Target Data :
0.5mm NR and 0.25 mm SHR and
high noise low noise

i;g o l-r

Simulated NR Sinogram
Input Data

e Precise IQ Engine (PIQE) Reconstruction - Super Resolution Deep Learning Reconstruction
Aquilion ONE / PRISM Edition PIQE image

| /o St -\._I

Validated 3D Deep Convolutional

Data Acquisition Neural Network High spatial resolution image
Conclusion
PIQE enables excellent visualization of calcified plaque Benefits of PIQE
and improves evaluation of potential luminal stenosis. Sharper anatomical detail
In addition, PIQE is combined with the already proven P ) .
advantages of wide-area detector CT with one-beat cardiac » Reduced calcium blooming
acquisition and high temporal resolution to achieve robust « No additional dose

coronary CTA images at a low radiation dose. Heavily
calcified coronary arteries were demonstrated in this clinical
example where PIQE improved the assessment of the
calcified plaques and made it possible to confidently exclude
a significant stenosis, avoiding the need for an invasive
coronary angiogram.//

Prof. Mickaél Ohana MD, PhD
Nouvel Hépital Civil,
Strasbourg University Hospital,
Strasbourg, France
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New Perspectives on High-resolution
Imaging in Musculoskeletal MRI Using

Deep Learning

Takahide Kakigi, MD, PhD

powered by () AItiVity

High-resolution and thin-slice 2D images using deep learning technology are useful in diagnosing
in musculoskeletal disease. This report describes the usefulness of Advanced intelligent Clear-IQ
Engine (AiCE) in 2D thin-slice imaging of the shoulder joint as previously performed at Kyoto
University Hospital and also discusses the new high-resolution technology known as Precise IQ
Engine (PIQE) for obtaining higher resolution images in a shorter acquisition time. Both of these
technologies were developed by Canon Medical Systems Corporation. Finally, this report presents
thin-slice 2D imaging of shoulder joint that can be made with higher resolution and shorter

acquisition times by using PIQE.

Usefulness of AiCE in 2D thin-slice imaging of
the shoulder joint

AiCE is advanced technology based on deep learning that
allows high signal-to-noise ratio (SNR) images to be created
from low SNR images. Specifically, high-quality teaching
images are employed to train a deep convolutional neural
network (DCNN). When AiCE is installed in an MRI system,
the noise contained in newly acquired low-SNR images can
be substantially reduced, making it possible to obtain high-
SNR images similar to the high-quality teaching images used
to train the DCNN. Because training is performed using only
the high-frequency components, AiCE is applicable to a wide
range of sequences.

At Kyoto University Hospital, we have been focusing on the
acquisition of thin-slice 2D images with high in-plane res-
olution. When 2D fat-suppressed proton density-weighted
images with a slice thickness of 1 mm (1-mm 2D FS-PDWI)
obtained with and without AiCE are compared (Fig. 1), it can
be seen that AiCE eliminates the noise which is generated

by increasing the in-plane resolution or reducing the slice
thickness (a), resulting in a marked increase in SNR (b).

We also investigated the possibility of using thin-slice 2D
images obtained with AiCE to generate MPR images. The key
to increasing the SNR of the reconstructed images was found
to be the use of a negative slice gap setting. We found that
the superior resolution of the 2D images allowed extremely
small structures to be clearly visualized, with better tissue
contrast than in 3D-MPR images.

On the other hand, there are a number of challenges which
must be overcome to expand the clinical application of
AiCE. The acquisition time is slightly longer when acquiring
images with a gap of -0.3 mm to generate MPR images with
a slice thickness of 1 mm. In examinations where a relatively
small field of view (FOV) is required, such as hand and elbow
joints, the SNR may be insufficient even when AiCE was
used to obtain an in-plane resolution equivalent to that

in the shoulder joint. Furthermore, when using SPEEDER,
Compressed SPEEDER (CS), advanced Fourier imaging (AFI),
etc., an excessive increase in the acceleration rate can result
in a decrease in SNR and poor image quality, and in addition,
increasing the number of echoes per TR results in increased
blurring. This presents something of a dilemma in condition
setting. However, these issues can be overcome by PIQE.

b: after denoising DLR

a: before denoising DLR

coronal image of 1mm 2D FS-PDWI
(resolution 0.5x0.5 mm, gap —0.3mm)
acquisition time 6:15

Figure 1: Effectiveness of AiCE in 1-mm 2D FS-PDWI
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Clinical usefulness of PIQE

1. Advantages of higher resolution by using PIQE

In order to generate high SNR and resolution images from
low SNR and resolution images, PIQE employs two deep
learning reconstruction (DLR) technologies: denoising

and up-sampling. PIQE, like AiCE, can compensate for

the reduction in SNR when the resolution is increased. In
addition, PIQE has the following features beyond those of
AiCE: 1) the matrix can be increased by a factor of 3x3 to
improve resolution, 2) contrast can be maintained because
the resolution of the original image can be reduced, and

3) the reduction in contrast caused by an excessively high
resolution can be minimized because scanning is performed
at a lower resolution, thus improving tissue contrast.

Figure 2 shows 1-mm 2D ES-PDWI of the wrist joint. With
AiCE (a), areduction in SNR is seen due to the small FOV,
but with PIQE (b), the SNR is maintained and the resolution
of the original image with a 320x320 matrix is increased to
960x960, which shortens the acquisition time. The delinea-
tion of the triangular fibrocartilage complex (TFCC) is also
improved with PIQE.

Figure 3 shows 1-mm 2D FS-PDWTI acquired with PIQE in a
patient with a lunate fracture and TFCC injury. Bone marrow
edema is seen in the lunate bone, and a sagittal image (a)
shows a free bone fragment (orange arrow) on the dorsal

a: conventional, AiCE b: PIQE
recon. matrix 416x416, ST 1 mm  recon. matrix 960x960, ST 1 mm
acquisition time 5:00 acquisition time 4:28

Figure 2: Improved resolution in small-FOV images with PIQE

b: coronal

PIQE
recon. matrix 960x960, ST 1 mm
acquisition time 4:28

a: sagittal (MPR)

c: sagittal (MPR)

Figure 3:1-mm 2D FS-PDWI with PIQE in a patient with a lunate
fracture and TFCC injury

aspect of the lunate bone. In a coronal image (b) and a
sagittal image (c), fluid (blue arrows) is seen in the articular
disk of the TFCC, indicating the presence of injury. The lesion
can be observed from both coronal and sagittal directions in
1-mm 2D images.

Figure 4 shows T2-weighted images (T2WI) of a patient with
cervical disc bulging and herniation. Compared to the orig-
inal image (a), structural details are more precisely depicted
with PIQE (b). The cervical cord is also clearly visualized, and
abnormal findings such as cervical edema and myelomalacia
can easily be identified.

2. Application of PIQE to reductions in acquisition time
AiCE eliminates noise caused by the decrease in SNR due

to increasing the acceleration rate of SPEEDER or CS and
reducing the number of acquisitions to achieve reductions in
acquisition time. With PIQE, on the other hand, the resolu-
tion can be increased at the time of image reconstruction,
allowing the acquisition time to be shortened by reducing the
matrix in the phase encoding direction during acquisition.
This also means that the acceleration rate of SPEEDER or CS
can be reduced, resulting in more stable image quality.
Figure 5 compares STIR images (a) acquired with a slice
thickness of 2 mm and an acquisition time of 3 minutes and
13 seconds and FS-PDWI (b) acquired with a short acquisition
time of 55 seconds using PIQE in a patient with multiple
fractures and bone bruises in the wrist joint. Pseudarthrosis
(orange arrows) and bone marrow edema due to a bone bruise
(blue arrows) in the scaphoid bone, bone marrow edema in
the lunate bone (green arrows), bone marrow edema due to
bone bruise of the capitate bone (circles), and bone marrow
edema due to fracture of metacarpal bases of the index and
middle fingers (yellow arrows) are also as clearly visualized in
the PIQE images as in the STIR images. PIQE images acquired
with a shorter acquisition time are considered to be very
useful for detecting bone fractures and bone bruises.

Figure 6 shows T2WTI in a patient with cervical spondylosis
and disc herniation. A PIQE image (b) acquired with an acqui-
sition time of 59 seconds is seen to have image quality com-

a: original
recon. matrix 448x448
acquisition time 2:59

recon. matrix 1344x1344
acquisition time 2:59

Figure 4: Comparison of images with and without PIQE for evaluating
cervical disc bulging and herniation
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a:STIR b: FS-PDWI PIQE
iRes0 0.2x0.2 mm
acquisition time 0:55

iReso 0.2x0.2 mm
acquisition time 3:13

Pseudoarthrosis and
bone marrow edema of
the scaphoid

Bone bruise of
the lunate

Bone bruise of
the capitate

Fracture of
2nd and 3rd
metacarpal base

Figure 5: Visualization of bone fracture and bone bruise in images

acquired in a short acquisition time with PIQE

S
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a: conventional b: PIQE

recon. matrix 448x448 recon. matrix 960x960
acquisition time 2:59  acquisition time 0:59

recon. matrix 448x448
acquisition time 0:57

Figure 6: Comparison between images acquired in a short acquisition
time with PIQE and with CS (patient with cervical spondylosis and disc

herniation)

e
¥

A

b: axial (MPR)

a: coronal
PIQE
recon. matrix 960x960, ST T mm
acquisition time 4:57

Figure 7: High resolution and short acquisition times with PIQE
(chondral injuries on both side at the glenohumeral joints)

Takahide Kakigi, MD, PhD
Department of Diagnostic Imaging
and Nuclear Medicine,

Kyoto University Graduate School
of Medicine, Japan

parable to that of a conventional image (a) acquired with an
acquisition time of 2 minutes 59 seconds, while a CS image (c)
acquired with an acquisition time of 57 seconds shows a slight
degradation in image quality. PIQE is a useful technique for
emergency and other urgent examinations because it helps

to maintain stable image quality by reducing the acceleration
rate. In addition, in patients with conditions such as lumbar
disc herniation and lumbar spinal canal stenosis, images
comparable to those acquired by conventional T2WI can be
obtained using PIQE in a much shorter acquisition time.

New perspectives on thin-slice 2D imaging of
the shoulder joint — Achieving higher resolu-
tion with shorter acquisition times

At Kyoto University Hospital, an acquisition time of 6 min-
utes and 15 seconds was still required for 1-mm 2D FS-PDWI
of the shoulder even when AiCE was used in combination
to ensure good image quality. But with PIQE, the acquisition
time could be shortened to only 4 minutes and 57 seconds.
We have found the ability to obtain higher resolution images
in a shorter acquisition time to be of great clinical value at
our hospital.

Figure 7 shows PIQE images (FS-PDWI) of a patient with
suspected cartilage injury of the glenohumeral joint. These
high-resolution images could be acquired in a very short
acquisition time. Chondral injuries on both sides at the
glenohumeral joint (orange arrows) are clearly visualized in
the coronal image (a) as well as the axial image (b).

Conclusion

AiCE allows us to obtain 1-mm 2D images and MPR images
that can provide extremely useful clinical information.
Furthermore, the introduction of PIQE has led to higher
resolution and shorter acquisition times even in small FOVs,
which has long been a major challenge. With the use of
PIQE, we are now able to achieve both high resolution and
high contrast with short acquisition times, making it much
easier to perform high-resolution musculoskeletal imaging.
New perspectives on advanced technologies is eagerly
anticipated.//

This article is a translation of the INNERVISION magazine, Vol.38, No.6,
2023.

Disclaimer

The contents of this report include the personal opinions of the author
based on his clinical experience and knowledge.

Deep learning technology is used in the design stage of the image
reconstruction processing for AiCE and PIQE. The system itself does not
have self-learning capabilities.
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Recent Expansion of Deep Learning

Reconstruction

Toshinori Hirai, MD, PhD

The societal impact of artificial intelligence (AI) has expanded rapidly in recent years, and AI has
become a focus of intense research activity in the field of medicine. With regard to MRI, Deep
Learning Reconstruction (DLR) is attracting a great deal of attention as a technology to improve
SNR, and an increasing number of studies on the applications of DLR in MRI are being published.
Given these trends, Kumamoto University has joined with the University of Bordeaux and Canon
Medical Systems Corporation to conduct joint research on Advanced intelligent Clear-IQ Engine
(AiCE) since 2018 and on Hybrid DLR since 2020, as well as ongoing research on Precise IQ Engine
(PIQE) since 2022. This report presents an overview of these three research projects.

Advanced intelligent Clear-IQ Engine (AiCE)

AiCE is advanced noise reduction technology that allows
high-SNR images to be created from low-SNR images. Deep
Learning is employed to train the system using only the
high-frequency noise components, excluding the low-fre-
quency components that contribute to good contrast. This
approach results in a substantial reduction in image noise
and a marked improvement in SNR.

It is generally accepted that in order to improve image qual-
ity, the number of acquisitions must be increased. However,
in a review conducted at our hospital to evaluate T2WI of the
head, we found that applying AiCE to noisy images acquired
with only 2 acquisitions allowed us to obtain high-quality
images comparable to conventional images acquired with 5
acquisitions?. Similar results were observed for FLAIR and
MPRAGE images'. For example, in high-resolution heavily
T2WI 3D MR cisternography, the nerve tracts could be more
clearly visualized than with conventional images? and the
depiction of fine blood vessels such as the ophthalmic artery
was also improved in 1.5-T TOF-MRA images?.

Based on the above findings, the advantages of AiCE can be
summarized as follows: 1) it can selectively eliminate noise
inimages, 2) it is applicable to a wide range of scan regions
and sequences, 3) the time required for reconstruction is
relatively short, and 4) it can be used in combination with
SPEEDER, Compressed SPEEDER (CS), Fast 3D mode, etc.,
which are high-speed scanning methods based on under-
sampling of the k-space data. The combined methods in
item 4) above, which are collectively referred to as "Hybrid
DLR", are discussed below.

Hybrid DLR

T2WI scanning of the pituitary gland was performed with

a CSfactor of 2.4 and scan time of 1 minute and 8 seconds.
Images to which only CS was applied were then compared
against images to which Hybrid DLR (AiCE and CS) was
applied, and it was found that the SNR was markedly
improved in the Hybrid DLR images*.

Figure 1 shows T2WTIin a patient with a hamartoma in the
hypothalamus acquired with a scan time of approximately 3
minutes. The conventional image (a) was compared against
the Hybrid DLR (AiCE and CS) image acquired with a scan
time of approximately 1 minute (b). Structures in the tuber
cinereum and pars infundibularis are much more clearly
depicted in image (b) than in image (a).

In addition, a conventional TOF-MRA image acquired with
a scan time of 4 minutes and 40 seconds and a TOF-MRA
image acquired with a scan time of 1 minute and 26 seconds

a: Conventional T2WI
acquired with a scan
time of approximately
3 minutes

: Hybrid DLR T2WI
acquired with a scan
time of approximately
1 minute

Figure 1: Comparison between conventional T2WI and Hybrid DLR T2WI
in a patient with a hamartoma in the hypothalamus
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to which Hybrid DLR (AiCE and Fast 3D mode) was applied
were compared in a patient with an aneurysm of the middle
cerebral artery. The depiction of fine arteries was found to be
comparable in the two images. A conventional MRA image
and a high-resolution MRA image to which Hybrid DLR
(AiCE and Fast 3D mode) was applied, both acquired with a
scan time of 4 minutes and 40 seconds, were compared in

a patient with occlusion of the internal carotid artery. The
peripheral branches of the ophthalmic artery and anterior
cerebral artery were more clearly depicted in the Hybrid DLR
image thanks to the reduced noise levels and higher SNR.
In MRCP performed in a patient with autoimmune pancre-
atitis, images acquired using respiratory-gated scanning
and breath-hold scanning (with and without AiCE) were
compared. Breath-hold scanning with AiCE provided clear
images of the bile ducts in the liver comparable to those
acquired by respiratory-gated scanning?®.

Based on above findings, the advantages of Hybrid DLR can
be summarized as follows: 1) it can be used in combination
with high-speed scan methods based on undersampling of
the k-space (Parallel Imaging (PI), CS, and Fast 3D mode), 2)
it reduces noise and improves the SNR when high-speed,
high-resolution scanning is combined with AiCE, 3) itis
applicable to a wide range of scan regions and sequences,
and 4) the time required for reconstruction is relatively
short.

Input Output
complex image complex image

ZIP: zero-fill interpolation

VN NN for il P AR NN for
| denoising upsampling

Conceptual steps
of AiCE

® Composed of two neural networks: denoising and upsampling.
@ Zero-fill interpolation (ZIP) is used to increase resolution.

Figure 2: Overview of PIQE

a: Conventional image with AiCE

Recon matrix: 960x960,

slice thickness: 3 mm, scan time: 11:40  slice thickness: 3 mm, scan time: 3:56
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Figure 3: Effect of PIQE in high-resolution T2WI

Precise IQ Engine (PIQE)

1. Overview of PIQE

The high resolution reconstruction technology known as
PIQE, which is a method for increasing the number of pixels
per unit length, can improve spatial resolution by up to a
factor of 9. When PIQE is applied to relatively low-resolution
images containing noise, high-resolution images with a high
SNR can be obtained.

PIQE is composed of two separate neural networks: a denoising
neural network and an upsampling neural network (Fig. 2).
After noise has been minimized using the same technique as
employed in AiCE, the resolution of the image is improved

by zero-fill interpolation (ZIP). The ZIP method subjectively
improves the apparent resolution by filling the high-fre-
quency components in k-space with zeros, but its limitations
are that some blurring remains and ringing artifacts are
generated. Image resolution can be improved by removing
the blurring and artifacts by upsampling using deep learning
technology and thus recovering the image sharpness. This
means that PIQE is designed to ensure versatility and stability
by employing deep learning for denoising and upsampling.

2. Applications of PIQE

In MRI, there are usually trade-offs between spatial resolu-
tion, SNR, and contrast. However, PIQE makes it possible to
achieve both high contrast and high spatial resolution.
Figure 3 shows high-resolution coronal T2WI with a matrix
0f 960x960 and a slice thickness of 3 mm. Compared to a
conventional image acquired using AiCE (a) with a scan time
of 11 minutes and 40 seconds, a PIQE image (b) acquired with
a scan time of 3 minutes and 56 seconds shows an extremely
high SNR and excellent contrast, with outstanding image
quality seemingly comparable to that of a 7-T system.

Figure 4 shows an enlarged view of cross-sectional T2WI
acquired with a matrix of 448x448. The branches of the
trigeminal nerve (orange circles) in the Meckel's cave, which
are poorly visualized in a conventional image (a), are clearly
depicted in a PIQE image (b) thanks to the high spatial
resolution.

FSE2D, TR: 4000, TE: 72, FOV: 23x23 cm,
matrix: 448x448, slice thickness: 4 mm

~
o
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Figure 4: Imaging of the trigeminal nerve using PIQE
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Figure 5 shows an image of the pituitary gland acquired ina
T1-weighted dynamic study with a matrix 0f192x192, a slice
thickness of 2 mm, and a scan time of 22 seconds. The SNR
and resolution are significantly improved by PIQE (b). PIQE
is considered to be an extremely promising technique for
performing dynamic studies in the future.

Figure 6 shows fat-sat T2WI of the orbits and paranasal
sinuses. The olfactory nerve is very clearly depicted when
PIQE is applied (b, orange arrow). In addition, structures
such as the extraocular muscles, the optic nerve, and the
superior ophthalmic vein in the orbit, as well as the mucosa
of the paranasal sinuses and nasal mucosa, are also depicted
with outstanding clarity. The applications of PIQE in exam-
inations of the head and neck are expected to be of great
clinical value in the future.

3. Advantages and limitations of PIQE

The advantages of PIQE can be summarized as follows: 1) it
improves spatial resolution while maintaining good tissue
contrast, 2) it can be used in combination with PI, and 3) it
is applicable to a wide variety of scan regions. On the other
hand, a number of challenges remain: the reconstruction
matrix is limited and the volume of data is extremely large.

Conclusion

AiCE reduces image noise and improves the SNR, and hybrid
DLR combined with CS and Fast 3D mode enables faster
scanning and higher resolution while maintaining a high
SNR.

Also PIQE can improve spatial resolution while maintaining
good tissue contrast. //

Toshinori Hirai, MD, PhD

Professor, Department of Diagnostic
Radiology, Faculty of Life Sciences,
Kumamoto University, Japan

a: Conventional

FSE2D, TR: 310, TE: 12, FOV: 15x15 cm, matrix: 192x192,
slice thickness: 2 mm, scan time: 0:22
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Figure 5: Effect of PIQE in dynamic studies

a: Conventional

FSE2D, TR: 4000, TE: 72, FOV: 2020 cm, matrix: 320x320,
slice thickness: 2 mm, scan time: 3:56
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Figure 6: Application of PIQE in head and neck scanning
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This article is a translation of the INNERVISION magazine, Vol.38, No.6,
2023.

Disclaimer

The contents of this report include the personal opinions of the author
based on his clinical experience and knowledge

Deep learning technology is used in the design stage of the image
reconstruction processing. AiCE and PIQE do not have self-learning
capabilities.
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SEMINAR // MAGNETIC RESONANCE // AICE, PIQE

Clinical Applications of High-Resolution
Imaging in the Abdomen

Katsuyoshi Ito, MD, PhD

This report discusses the clinical applications of various technologies for imaging of the abdomen,
including Advanced intelligent Clear-IQ Engine (AiCE) and Precise IQ Engine (PIQE), which are
used for high-precision T2-FSE imaging, Modified Fast 3D mode, which is used for high-precision
dynamic imaging, and Expanded SPEEDER (Exsper), which is used for small-FOV high-resolution
DWIimaging. AiCE and PIQE are Deep Learning Reconstruction (DLR) technologies developed by

Canon Medical Systems Corporation.

High-precision T2-FSE imaging with AiCE
and PIQE

1. Overview of PIQE in MRI

PIQE is a new technology which is based on Deep Learning.
It allows low-SNR images, low-resolution images to be
reconstructed to obtain high-SNR images, high-resolution
images. When applied to MRI, PIQE employs two DLR
technologies: denoising and up-sampling. Zero-fill interpo-
lation is performed during processing, but the limitations
of this approach are that some image blurring cannot be
eliminated and ringing artifacts are generated. To overcome
these limitations of zero filling, the neural networks in PIQE
are trained with high-resolution images acquired by full
sampling used as the teaching data.

2. High-precision T2-FSE with PIQE

The quality of T2-weighted fast spin echo (T2-FSE) images
can be improved by employing PIQE.

Figure 1 shows an enlarged view of the pancreas. The spatial
resolution is increased by a factor of 2 to 2.5 when PIQE is
applied (b), reducing blurring and more clearly delineating

192%320 matrix 496x640 matrix

a: Without image processing b: PIQE

TR=3000, TE=72, ETL=26, SPEEDER=2, BW=651 Hz, slice=3 mm,
FOV=280%360 (mm), time=15x2s
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Figure 1: Effects of PIQE: high-precision T2-FSE imaging

the margins of the pancreas, the pancreatic duct, and other
structures in the abdominal cavity. Such high-precision
images can also be obtained in scans with fat suppression
used in combination.

Figure 2 shows images of a patient with a hepatocellular
carcinoma. The margins of the tumor and the linear
hyperintensities within the tumor are more clearly
visualized when PIQE is applied (b). In addition, an aortic
dissection flap and the internal characteristics of the
tumor in the right adrenal gland are demonstrated with
outstanding clarity.

Figure 3 shows MRCP (fat-suppressed T2-FSE) in a patient
with a suspected mixed type intraductal papillary mucinous
neoplasm (IPMN). Resolution is increased by a factor of 3
with PIQE (b), allowing dilatation of the pancreatic duct
branches and the presence of fine cystic structures to be
observed with greater precision. In patients with suspected
chronic pancreatitis, dilatation of the pancreatic duct
branches is one of the diagnostic criteria for early-stage
chronic pancreatitis, and therefore, the high-precision
images obtained applying PIQE can be expected to be of
great clinical value for early diagnosis.

a: Without image processing

1.07%x1.07mm
resolution

0.35%0.35 mm
resolution
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Figure 2: Fat-suppressed T2-FSE in a patient with hepatocellular carcinoma
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High-precision dynamic imaging in Modified
Fast 3D mode

1. Modified Fast 3D mode

It is possible to perform high-precision dynamic imaging by
using the fast-scanning technique known as Modified Fast
3D mode in combination with AiCE.

Modified Fast 3D mode is a scanning technique which
includes modifications to conventional Fast 3D mode,

in which data is acquired in a wheel-shaped pattern. In
Modified Fast 3D mode, the asymmetric half Fourier method
(AFI) is used in combination to sequentially acquire data in
both the slice- and phase-encoding directions. Scan times
are reduced by performing skipped data acquisition in a
bow-shaped pattern. In addition, the k-space is mainly filled
with stable signals by filling the data sequentially, which
reduces blurring and improves image quality. Another
advantage of Modified Fast 3D mode is that image blurring
isless of an issue when the Fast 3D factor is increased.

Even when the scan time is reduced by approximately 25%
compared to conventional imaging methods, the same level
of image quality is maintained. Therefore, high-precision
dynamic imaging is ensured because the scan time can be
shortened while maintaining high resolution. Compared to

a: Without image processing

—

|-
N O

1.02x1.02 mm
resolution

0.34%0.34 mm
resolution
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Figure 3: MRCP in a patient with suspected mixed IPMN

PP - TR
a: Modified Fast 3D mode dynamic imaging

c: HBP Modified Fast 3D mode

Figure 4: Dynamic imaging of fatty liver

other fast-scan techniques such as Compressed SPEEDER
(CS), image blurring of the entire image is minimized, allow-
ing the margins of the intrahepatic blood vessels and other
structures to be more clearly visualized.

At our hospital, we previously performed dynamic imag-
ing using SPEEDER or CS combined with AiCE, but we
found that these approaches suffered from a number of
limitations. With SPEEDER, we would see linear artifacts

in the liver during the arterial phase and blurring of the
entire image at higher AiCE levels, and with CS, we would
observe overall image blurring and artifacts which appeared
as white edges around structures. We have been able to
overcome these limitations by employing Modified Fast 3D
mode combined with AiCE. This approach minimizes image
blurring and artifacts, allowing us to obtain high-quality
images in which the margins of structures are accurately
depicted.

2. High-precision dynamic imaging

Figure 4 shows dynamic imaging of a patient with fatty liver
performed using Modified Fast 3D mode (a). The peripheral
branches of blood vessels are clearly seen even in the arterial
phase. In the hepatocellular phase, the intrahepatic blood
vessels are more clearly depicted in the Modified Fast 3D
mode image (c) than in the CS image (b).

Figure 5 shows dynamic imaging of a patient with a hepatic
hemangioma. In Modified Fast 3D mode images acquired

in the arterial phase, a spotty hyperintensity in the lesion

(a, red arrow) and multiple hyperperfusional abnormalities
in the liver are clearly seen. In the hepatocellular phase, the
intrahepatic blood vessels are more clearly depicted in the
Modified Fast 3D mode image (c) than in the CS image (b).
Figure 6 shows images of a patient with liver metastases.
Multiple ring-shaped hyperintense nodules are seen in the
arterial phase, and AP shunt-like hyperintensities in sur-
rounding regions are observed in the Modified Fast 3D mode
images (a). Compared to CT images obtained 4 days prior (b),
the nodules are more clearly depicted in the Modified Fast
3D mode images.

=

[
b: HBP CS ¢: HBP Modified Fast 3D mode

Figure 5: Dynamic imaging of hepatic hemangioma
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a: Modified
Fast 3D mode
(+4 day)

Figure 6: Dynamic imaging of hepatic metastases

Exsper DWI

1. Features of Exsper

In Exsper, calibration data acquired during actual scan-
ning is used to perform unfolding processing. Compared

to SPEEDER, Exsper can reduce the artifacts arising from
unfolding errors by calculating the weighting for unfolding
in k-space. Artifacts near the center of the image caused by
unfolding errors are less likely to occur when a small FOV is
scanned, which helps to ensure high-resolution imaging.

2. Small FOV Exsper DWI

Figure 7 shows a patient with an intrahepatic cholangiocar-
cinoma. In the T2-FSE image (a), a cauliflower-like tumor
mass is seen, with ring-shaped early hyperintensity in the
arterial phase (b) and delayed hyperintensity within the
tumor (red arrow) in the transitional phase (c). These are
typical findings for such tumors. Compared to conventional
full-FOV DWI (e), resolution is improved in small-FOV Exsper
DWI (d) allowing the internal characteristics of the tumor to
be more clearly observed.

Figure 8 shows typical images of a patient with a cancer in
the uncinate process of the pancreas (red arrows). Areas with
lower density than normal tissues are seen in the arterial
phase (a, ¢), and delayed enhancement is seen in the equilib-
rium phase (b). Compared to conventional full-FOV DWI (e),
the tumor is more clearly depicted by small-FOV Exsper DWI
(d), allowing the margins between the lesion and normal
tissues to be clearly visualized.

Katsuyoshi Ito, MD, PhD

Professor, Department of Radiology,
Yamaguchi University Graduate School of
Medicine, Japan

5mm

368x384 matrix

=

a: T2-FSE 3 c:TP

d: small FOV
Exsper DWI

e:c-DWI

5mm

400%x544 matrix

d: small FOV Exsper DWI

e:c-DWI

Figure 8: Cancer in the uncinate process of the pancreas

3. Usefulness of breath-hold DWI

We conducted investigations to evaluate the quality of
images acquired during free breathing and with breath-hold-
ing in clinical scans performed at our hospital. The lesion
visualization score was found to be slightly higher for
scanning during free breathing, but the difference was not
statistically significant. However, breath-hold scanning was
found to provide superior image quality in patients with
lesions located under the diaphragmatic dome or near the
edges of the liver, which tend to be affected by motion of the
diaphragm or nearby segments of the intestinal tract as well
as magnetic susceptibility artifacts. In such patients, breath-
hold scanning was judged to be clinically useful, with breath-
hold DWI considered to be most helpful when performed

in addition to conventional DWI because breath-hold DWI
allows scanning to be performed in a shorter time. //

This article is a translation of the INNERVISION magazine, Vol.38, No.6,
2023.

Disclaimer

The contents of this report include the personal opinions of the author
based on his clinical experience and knowledge.

Deep learning technology is used in the design stage of the image
reconstruction processing for AiCE and PIQE. The system itself does not
have self-learning capabilities.
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INTERVIEW // MAGNETIC RESONANCE // PIQE

Precise IQ Engine (PIQE) for MRI

Valentin H. Prevost, Ph.D.

In magnetic resonance imaging, image sharpness is one of the main criteria to allow delineation of fine
structures that are important for clinical diagnosis. One way to improve the sharpnessis to increase the
acquired matrix size, but this is generally associated with a lower signal to noise ratio (SNR) or a longer scan
time. Historically, some methods have been proposed to artificially increase the reconstructed matrix size,
but this often leads to additional Gibbs ringing artifacts immediately adjacent to high-contrast interfaces.
Following the strong success of its Deep Learning-based denoising solution (Advanced intelligent Clear-IQ
Engine: AiCE), Canon has recently introduced Precise IQ Engine (PIQE), a solution that enables increased
resolution reconstructions. With the use of multiple Deep Learning algorithms, PIQE reduces noise from the
images, increases the matrix size, and can potentially remove any Gibbs ringing artifacts.

Deep Learning Reconstruction for MR PIQE

Low Resolution Data ‘i High Resolution Data

Deep Learning Reconstruction

Denoising
k-Space Upsampling
Ringing Reduction

Deep Learning Reconstruction

*MR PIQE is applicable to Brain and Knee imaging
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IQE can then triple the in-plane can benefit several scenarios, such as The first is Dr. Benoit Sauer, a
Pmatrix size leading to a higher imaging small structures or even fast Radiologist and the General Director of
image sharpness, while main- imaging when patient status requires. MIM (Medical Imaging) Group (based
taining a high SNR, and without in Strasbourg, in France).
altering the image quality. PIQE can Two leading radiology experts involved
be used at both 1.5 and 3T, without in the product evaluation of PIQE share

requiring acquisition adjustments, and  their feedback.
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“Super Resolution means gaining spatial resolution
with the same SNR and less artifacts (e.g. Gibbs
ringing). This is especially needed in small structures,
like ear, cartilage, or coronary artery, to propose a
better diagnosis. PIQE is a promising solution that fits

perfectly with these specifications.”

Dr. Benoit Sauer

Radiologist and General Director of MIM (Medical Imaging) Group (based in Strasbourg, France).

Could you comment on the
value of PIQE from your recent
experience?

“One of the big challenges with MRI
is to achieve high image quality in

a limited time. Historically, the MR
community and companies focused
their improvements on the optimiza-
tion of sequences, but in my opinion,
working on image reconstruction

is the new trend to follow! AiCE has
‘paved the way' forwards for Deep
Learning Reconstructions (DLR), and
PIQE is the next step. We tested it in
our two Canon 1.5T systems and we
observed important image quality
improvements, both in terms of SNR
and sharpness.”

FLAIR 1:17 min

Common filter

Would you consider using
PIQE on all your patients?

“Yes, but in different ways. In our
clinical practice, we have several
different types of protocols, depending
on patient status and indications, and
PIQE has been found useful in all of
these cases. For example, in MSK imag-
ing, gaining spatial resolution with the
same scan time is what I'm looking

for, especially for the evaluation of
cartilage lesions or meniscal tears. For
brain imaging in elderly or patients
with severe comorbidities, we created
faster protocols to be combined with
PIQE that save precious scan time and
avoid motion artifacts. Our philosophy
is to offer personalized care and answer

Common filte

the clinical question, while maintain-
ing optimal patient comfort.”

What does the term ‘Super
Resolution’ mean to you, and
could it impact your clinical
activity?

“Super Resolution means gaining spa-
tial resolution with the same SNR and
less artifacts (e.g. Gibbs ringing). This
is especially needed in small struc-
tures, like ear, cartilage, or coronary
artery, to propose a better diagnosis.
PIQE is a promising solution that fits
perfectly with these specifications.

A second expert involved in this
evaluation was Dr. Daniel Chow,

PDw 4:16 min

Vantage Orian 1.5T reconstructions Vantage Galan 3T reconstructions

Patient with medial and lateral tibio-femoral chondrosis.
Courtesy of Surgical Hospital at Southwoods, US

Patient with multiple sclerosis.
Courtesy of Rothschild Foundation Hospital, Paris, France
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Co-Director of the Center for Artificial
Intelligence in Diagnostic Medicine and
Assistant Professor-in-Residence at the
Department of Radiological Sciences at

resolution images with 1.5T, while also
gaining a larger bore size AND going
faster have the potential to help us
reach more patients.”

resolution, which can make spotting
things like metastasis or subtle lesions
easier."//

the University of California, Irvine, USA.

What were your thoughts This article is a reprint from the VISIONS
What is your opinion on when you reviewed the PIQE SPECIAL MRINo.03, published by Canon
y P y V. Medical Systems.
artificial intelligence and its images?

place in medical imaging?
“Artificial intelligence has the poten-
tial to improve equity. 3T systems are
generally more expensive and have

a smaller bore size. Getting higher

"I1initially thought the 1.5T images recon-
structed with PIQE were generated from
a 3T scanner, and [ am very impressed by
how far advances in PIQE technology has
matured! PIQE clearly improved spatial

“Iinitially thought the 1.5T images reconstructed with
PIQE were generated from a 3T scanner,and I am very
impressed by how far advances in PIQE technology has
matured! PIQE clearly improved spatial resolution,
which can make spotting things like metastasis or
subtle lesions easier.”

Dr. Daniel Chow
Co-Director of the Center for Artificial Intelligence in Diagnostic Medicine and Assistant Professor-in-
Residence at the Department of Radiological Sciences at the University of California, Irvine, USA.

Valentin H. Prevost, Ph.D.
MR Clinical Scientist,
Canon Medical Systems
Corporation
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CLINICAL REPORT // MAGNETIC RESONANCE // Vantage Fortian, Ceiling Camera, AiCE

The Broadened Horizons with Higher
Image Quality and Higher Acceleration
Delivered by Deep Learning
Reconstruction on the 1.5T MRI System

Improved examination workflow with Al-based solutions
such as Ceiling Camera-assisted positioning based on a
Deep Learning algorithm

Shiga General Hospital is a 535-bed core community hospital on the south side of Lake Biwa in Shiga
prefecture. Since its opening in 1970, the hospital has provided advanced medical care for patients with
cancer, cardiac diseases, and cerebrovascular diseases. In June 2022, the hospital installed a 1.5T MRI system
with Deep Learning Reconstruction (DLR), Vantage Fortian manufactured by Canon Medical Systems
Corporation. As part of Canon Medical Systems’ Al innovation brand Altivity, Vantage Fortian incorporates
Al-driven technologies such as Advanced intelligent Clear-IQ Engine (AiCE), which is a DLR technology

for adaptive noise reduction in images, and an improved workflow solution employing a Ceiling Camera.
We met with Mr. Yusuke Chatani, a radiologic technologist in the Department of Radiology, to discuss the
usefulness of Vantage Fortian in routine clinical practice.

© 2023 CANON MEDICAL SYSTEMS / MOIGEOO40EAC VISIONS SPECIAL 04 // 41



A wide variety of MRI exam-
inations with emphasis on the
head and neck using two MRI
systems

Since 2009, Shiga General Hospital
hasbeen designated as a Prefectural
Cancer Care Hospital. Since 2018, the
hospital name has been changed from
the former "Shiga Prefectural Medical
Center for Adult Diseases" to reflect its
expanded mission to provide compre-
hensive medical care focusing not only
on lifestyle-related diseases but also

on avariety of other diseases. At Shiga
General Hospital, the Department of
Radiology is composed of 4 physicians
and 31radiologic technologists for
diagnosis and examinations, who are
assigned to specific sections according
to modality, such as CT and PET. In the
MRI section, a radiologist, 3 radiologic
technologists and a nurse perform
about 32 examinations per day using a
1.5T MRI system Vantage Fortian and

a 3T MRI system from another manu-
facturer. Approximately one-half of the
MRI examinations focus on the head
and neck, including follow-up exam-
inations for neurovascular diseases and
for the detection of brain metastases.
The other halfinclude the spine, MRCP
and a variety of other examinations.
Examinations of all parts of the body are
performed for every clinical department
and for every diagnostic objective.

The high image quality and
outstanding operational flex-
ibility delivered by DLR incor-
porated in Vantage Fortian
Vantage Fortian was launched by

Yusuke Chatani, radiologic technologist in charge of MRI
Shiga General Hospital

Canon Medical Systems in February
2022 as a1l.5T MRI system with
Al-driven technologies to improve
image quality and streamline exam-
ination workflows. Meanwhile, Shiga
General Hospital was planning to
replace their previous 1.5T system from
another manufacturer. Mr. Chatani
explains that the most important
criteria to select a new MRI system was
image quality. At that time, DLR tech-
nologies for MRI were being launched
by several different manufacturers.
Therefore, the hospital focused on MRI
systems with DLR, having expectations
for higher-resolution or higher-ac-
celeration imaging. The candidates

for new MRI system were narrowed
down to three systems, including

one from Canon Medical Systems.
After arranging several site visits

to see the actual systems, Vantage
Fortian was ultimately decided on. Mr.
Chatani is impressed that Advanced
intelligent Clear-IQ Engine (AiCE),
which is one of the DLR technologies
from Canon Medical Systems, can be
flexibly applied to almost all the pulse
sequences for 2D and 3D acquisition on
Vantage Fortian. He also thinks highly
of the system because AiCE allows

the retrospective reconstruction for
previously acquired images.

AiCEis a DLR technology for adap-
tive noise reduction in images,

which enables the ability to extract
and remove more selectively noise
components from the signal com-
pared with conventional denoising
methods, e.g., smoothing filters. The
noise reduction level can be selected

“It previously took a long scan time even to acquire
3 mm-slice 2D images on the previous system, but
AiCE enables to acquire thinner-slice and higher-
resolution images without extending the scan time
on Vantage Fortian as well as their 3T system.”

in five levels and adjusted to achieve
the desirable image quality even after
acquisition. Mr. Chatani notes that it
was easy to adjust image quality based
on advice from radiologists soon after
the replacement with Vantage Fortian,
because the noise reduction level can
be retrospectively adjusted without
additional acquisition to achieve the
desirable image quality. He also adds
that most of the hospital's protocols for
Vantage Fortian have already been fully
optimized, thanks to the flexibility of
AiCE.

The broadened horizons in
combination with AiCE uti-
lizing various acceleration
techniques

There are two different methods with
AiCE to benefit from the adaptive noise
reduction: one is for high-resolution
imaging without extending the scan
time, the other is for high-acceleration
imaging maintaining the image qual-
ity. In terms of the former, AiCE allows
to acquire 1 mm-slice 2D images for
examinations of the small extremities
such as the finger and the wrist joints.
According to Mr. Chatani, it previously
took a long scan time even to acquire

3 mm-slice 2D images on the previous
system, but AiCE enables to acquire
thinner-slice and higher-resolution
images without extending the scan
time on Vantage Fortian as well as
their 3T system. In contrast, for spine
examinations, the highly-accelerated
protocols are adopted maintaining the
same spatial resolution as the previous.
Mr. Chatani says that when sagittal
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T1- and T2-weighted images and axial
T2-weighted images are acquired in
the spine examinations, AiCE reduces
the total scan time by more than 5 min-
utes on Vantage Fortian compared with
the previous system. Nevertheless, the
image quality is comparable to that
acquired on their 3T system. He notes
that AiCE greatly broadens the options
for higher image quality or higher
acceleration in MRI examinations
depending on the situation.
Furthermore, Fast 3D mode, which

is one of the acceleration techniques
for 3D acquisition, has been used to
accelerate head MRA in combination
with AiCE. The combination allows to
acquire higher-resolution MRA images
without extending the scan time and
improves the depiction of vascular
structures, Mr. Chatani also says that
the combined use of AiCE and Fast 3D
mode permits to acquire high-resolu-
tion MRA images on Vantage Fortian
in almost the same scan time as on
their 3T system. Due to inflow effects
in MRA, there are generally differences
of the depiction of vascular lesions,
e.g., microaneurysms and vascular
stenosis, between 1.5T and 3T systems.
Hence, their 3T system would often

be employed in these cases. However,

Vantage Fortian has recently compen-
sated for their 3T system in the exam-
inations for those cases. Dr. Yusaku
Moribata, Head of the Department of
Diagnostic Radiology, observes that
Vantage Fortian provides improved
overall image quality. Especially in
head MRA, it allows blood vessels to be
clearly depicted and the morphological
characteristics of aneurysms to be
precisely evaluated. In addition to head
MRA, neck MRA is often requested by
the Department of Neurosurgery. Large
FOV images for neck MRA are usually
required including the upper section
of the aortic arch, but the combination
of AiCE and Fast 3D mode enables to
acquire them in a short scan time of
about 2 minutes. Other than Fast 3D
mode, Vantage Fortian incorporates
avariety of acceleration techniques
such as Compressed SPEEDER, all of
which can be used in combination with
AiCE. Mr. Chatani observes thatasan
added value of AiCE, the combination
with various acceleration techniques
reduces the scan time while maintain-
ing the image quality, and that results
in minimizing motion artifacts gener-
ated by uterine peristalsis in gyneco-
logical examinations. Mr. Chatani is
amazed by the fact that AiCE allows to

perform routine gynecological exam-
inations without using radial sampling
to correct body motion artifacts, which
typically affects overall image contrast
unlike Cartesian sampling.

Patient positioning using the
Ceiling Camera

Vantage Fortian incorporates a variety
of features to streamline its exam-
ination workflow, including Ceiling
Camera-assisted positioning solution,
in which a camera manufactured by
Canon on the ceiling of the scan room
detects the target position and moves
the patient table into the magnetic
center. The Intelligent Monitor on
the gantry shows the patient on the
table, and the operator can perform
coil set-up while referring to the
guidelines indicating the detected
target position. At Shiga General
Hospital, the Ceiling Camera-assisted
positioning has been the most useful
for the prostate examinations with
the 16¢ch Flex SPEEDER coil, whose
high-density element design makes

it possible to acquire high-SNR
images with localized coil sensitivity.
However, the coil is so small that even
if there is a slight error between a
targeted position and a landmarked

Head First Supine
A3,A4 Atlas Spine

Detected position

The Ceiling Camera

automatically detects the
target position.

The operator sets the 16ch Flex SPEEDER according to the guidelines indicating
the detected position displayed on the Intelligent Monitor. (The above figures
show a prostate examination as an example.)
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“Before using the Ceiling Camera, the patient positioning in case

of prostate examinations would often vary slightly depending on
the operator's experience and the patient's physical characteristics.
That results in more accurate and consistent positioning in prostate

examinations.”

Yusuke Chatani, radiologic technologist in charge of MRI

Shiga General Hospital

position with laser marking, it could
lead to the target deviating from the
region covered with the localized coil
sensitivity during examinations for
small anatomies such as the prostate.
Before using the Ceiling Camera, the
patient positioning in case of pros-
tate examinations would often vary
slightly depending on the operator's
experience and the patient's physical
characteristics. However, recently, it
has been easier to perform the patient
positioning and coil set-up with the
Ceiling Camera, because the 16ch
Flex SPEEDER coil just has to be set
on patients referring to the detected
position shown on the Intelligent

H High-resolution, high-acceleration MRA in Fast 3D mode

Monitor. That results in more accurate
and consistent positioning in pros-
tate examinations. Mr. Chatani also
points out another advantage of the
positioning solution. During the
ongoing coronavirus pandemic, it is
also beneficial to be able to perform
the patient positioning while mini-
mizing physical contact. In addition,
the positioning solution prevents
unnecessary repositioning caused by
manual-landmark errors depending
on the operator’s experience. Thus,
the examination workflow has been
streamlined, allowing medical staff
to have plenty of time to explain the
examinations to patients.

(AiCE

More adaptive examinations
for each case with artifact
reduction technologies

Vantage Fortian incorporates a variety
of unique reconstruction technologies
not only for adaptive noise reduction,
i.e., AiCE, but also for artifact reduc-
tion, which includes those for motion
artifact reduction, i.e., Iterative Motion
Correction (IMC), and for distortion
correction in diffusion-weighted
images (DWI). In particular, Reverse
encoding Distortion Correction (RDC)
DWI minimizes distortion caused by
susceptibility effects and eddy currents
in DWI. RDC DWT is mostly used for
head examinations at their hospital

H Thin-slice 2D imaging with 16ch Flex SPEEDER

Y
¥

"
[

a: scan time = 6:35, ST = 0.8 mm, FOV = 20 cm, matrix = 352x320
b: scan time = 2:48, ST = 1.3 mm, FOV = 24 cm, matrix = 160x320

M Direct-coronal and direct-sagittal DWI in RDC DWI

(AICE

Integrated Intelligence

scan time = 1:53, ST = 3 mm, FOV = 23 cm, matrix = 224x176,
b-value = 1000 s/mm?, respectively

Clinical images obtained using Vantage Fortian with AiCE

ST=3mm ST=2mm ST=1mm

scan time = 1:16, FOV = 15 cm, matrix = 320x416
16ch Flex SPEEDEER Medium, respectively

M High-b-value DWI with 16ch Flex SPEEDER

. CAICE

¥ - Integrated Intelligence
~ s gy B
b-value = 1000 s/mm? b-value = 1500 s/mm? ADC map

Multi-b DWI, scan time = 7:11, ST = 3 mm, FOV = 22 cm, matrix = 128x112
16¢h Flex SPEEDER Large, Atlas SPEEDER Spine, Ceiling Camera-assisted positioning
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Shiga General Hospital.

to reduce the distortion of DWI at the
base of the brain caused by the pres-
ence of air, which enhances suscepti-
bility effects. It is available and useful
in all imaging planes, especially in
direct acquisition of coronal and sagit-
tal planes for DWI. Thin-slice coronal
DWI for head examinations are some-
times requested by the Department of
Neurosurgery to evaluate the lesions
in the brain stem, where the distortion
is likely to be generated in DWI. Mr.
Chatani adds that the examinations
are performed with greater confidence
thanks to RDC DWI, although that was
not the case with the previous system.
Moreover, mUTE (minimized acoustic
noise utilizing UTE) sequences can

be used for metal artifact reduction

in head MRA, especially in case of

the follow-up after coil embolization,
allowing to acquire DSA-like 4D MRA
images to evaluate hemodynamics
without contrast enhancement and
radiation exposure as added values.
As mentioned above, since Vantage
Fortian was introduced in their
hospital, it has greatly broadened the

This article is a translation of the INNERVISION

horizons and the possibilities for MRI
magazine, Vol.38, No.1, 2023.

examinations, increasing expectations
for clinical utilization. With regard to
future prospects, Mr. Chatani states
that T1 mapping for cardiac exam-
inations is now being introduced on
Vantage Fortian, whereas it cannot be
done on their 3T system. AiCE is also
available for precise quantitative anal-
ysis such as T1 mapping in addition to
high resolution and high acceleration.
Shiga General Hospital will continue to
address complex challenges for higher
quality examinations on Vantage
Fortian to meet the demands of every
clinical department.

The higher-resolution and -accelerated
imaging and streamlined examination
workflows delivered by Vantage Fortian
are expected to lead to even higher
reliability and efficiency in MRI exam-
inations. /

(Interview conducted on November 15, 2022)

Disclaimer: Deep Learning technology is used in the design stage of the image reconstruction processing. The system itself does not have self-learning

capabilities.

The contents of this report include the personal opinions of the authors based on their clinical experience and knowledge.
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CASE STUDY // MAGNETIC RESONANCE //Vantage Orian, AiCE, Fast 3D mode

Advanced intelligent Clear-IQ
Engine (AiCE) Improves Image
Quality and Scan Times

Dr. Keita Satoyoshi
Chief, Department of Radiology,
Samukawa Hospital, Japan

Samukawa Hospital is a 99-bed core hospital with close ties to the local community in Samukawa-
machi, Koza-gun, Kanagawa, Japan. The hospital is committed to establishing a robust community
healthcare system by creating strong alliances with a range of healthcare facilities in the region.

In 2020, Samukawa Hospital replaced its current 1.5T MRI system with a Vantage Orian 1.5T built
with Advanced intelligent Clear-IQ Engine (AiCE) technology. AiCE represents the world's first
Al-based solution for improving the signal-to-noise ratio (SNR) of medical images, which the
hospital is currently using in its routine clinical practice. In this report, radiologists at Samukawa

Hospital discuss their experience with AiCE.

AiCE allows us to perform high-resolution
scanning in routine MRI examinations

The Vantage Orian that has recently entered operation at our
hospital features reconstruction technology known as AiCE in
which a Deep Learning approach is used to reduce noise. AiCE
is an innovative technology that can significantly improve the
SNR of MRI images, while avoiding any loss in image quality
or increase in scan times.

In our actual clinical practice, the introduction of Vantage
Orian with AiCE has made it possible for us to acquire
high-resolution images in routine examinations with short
scan times. Previously, it was difficult for us to perform such
examinations due to concerns that the SNR would be unac-
ceptably low.

Figure 1 shows high-resolution images of a patient with an
injury of the right supraspinatus tendon. As shown in the
images on the left, noise levels can be markedly increased
when images are acquired at higher resolution. However, as
shown in the images on the right, the use of AiCE ensures an
acceptable SNR. High-resolution images can more clearly
depict the structural details of such injuries, which means
that our radiologists can deliver a diagnosis with greater
confidence.

We selected Vantage Orian because it provides
clearer MRCP images with shorter scan times
The Director of our hospital, Dr. Hiroyuki Narumi, is a gas-
troenterologist, which means we receive a large number of

requests for magnetic resonance cholangiopancreatography
(MRCP). The ability to obtain high-quality MRCP images was
a key consideration during our MRI system selection process.
We chose Vantage Orian because it allows us to perform
MRCP very efficiently by employing AiCE, which improves
image quality, in combination with Fast 3D mode, which
reduces scan times.

Figure 2 shows preoperative and postoperative images of a
patient with choledocholithiasis. The MRCP images showed
excellent agreement with the findings of endoscopic retro-
grade cholangiopancreatography (ERCP). Furthermore, the
images were obtained in just 1 minute and 7 seconds, consider-
ably less than the standard seven-minute scan time of our old
system.

The postoperative MRCP images were also of a remarkably
high quality. This was in spite of the fact that even shorter
scan times were used because postoperative imaging was
only intended to confirm relief of bile duct dilatation.
Scanning could also be performed with a breath-hold time of
just 21 seconds. Dr. Narumi, who frequently refers patients
for MRCP, was very impressed that Vantage Orian could pro-
vide such high-quality diagnostic images with low noise levels
and short scan times, providing significant benefit to patients.

Cervical spine MRI can be performed with
shorter scan times while maintaining high
image quality

In addition to the use of AiCE in routine high-resolution
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Injury of the right supraspinatus tendon
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Choledocholithiasis

(AiCE

Integrated Intelligence

Preoperative

Bile duct dilatation 3D MRCP
due to the presence Diaphragm gating
of a stone. 1:07

Figure 2

imaging as discussed above, AiCE also allows scan times

to be shortened while maintaining the same level of image
quality. With our previous MRI system, we needed to

reduce the spatial resolution or slice thickness in order to
compensate for the loss of SNR at short scan times. With
Vantage Orian, because AiCE ensures that an acceptable SNR
is maintained, we can perform examinations with shorter
scan times with no compromise in spatial resolution or slice
thickness.

Figure 3 shows a patient with mild cervical spondylosis.
Sagittal images were obtained in a short scan time of about 1

(AiCE

Integrated Intelligence

Postoperative

r
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The stone is no 3D MRCP
longer present, and bile Breath-hold
duct dilatation is relieved. 0:21
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minute and 30 seconds. Before installation of Vantage Orian,
the scan time for such images was more than 3 minutes. This
means that scan times can now be reduced by half.

As shown in the images on the left, noise levels are quite
high when images are acquired without AiCE. However, as
shown in the images on the right, AiCE allows clear images
to be obtained even with short scan times. It is often difficult
for patients with cervical spine problems to remain still for a
prolonged period, so the ability to perform routine exam-
inations with such short scan times is a great benefit for our
patients.
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Scan times for routine head studies can be
halved

AiCE enables us to employ short scan times as standard
practice in routine head studies. Before installation of our
Vantage Orian system, the time required for such studies
was around 18 minutes. However, after installation, the time
required has been halved to about 9 minutes. Images with
a higher SNR can be obtained with almost no loss of spatial
resolution, even with short scan times. We think thisis a
testament to the effectiveness of AiCE.

Figure 4 shows images of a patient with acute-phase stroke

in the right putamen. Each of the 2D contrast-enhanced
images was obtained in a short scan time. The MRA image
was obtained at high resolution with a little longer scan
time. High signal intensity in the putamen is observed in
the T2WI, fluid-attenuated inversion recovery (FLAIR),
and DWIimages, indicating acute-phase stroke. The
total scan time in this case was as short as 8 minutes

and 54 seconds. We are very satisfied with our Vantage
Orian system with AiCE because it improves examina-
tion efficiency while maintaining excellent diagnostic
performance.

Cervical spondylosis
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Figure 3

Acute-phase stroke in the right putamen
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