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Introduction

Over the past 30 years, computed tomography (CT)
technology has made incredible advancements.’

While these improvements have greatly enhanced CT
capabilities, they have also made the scanners more
complex to operate due to the numerous new
features. Users may struggle to keep up with these
innovations, much less utilize them fully. Despite the
technology’s potential, it ultimately depends on
human operators to produce the extraordinary, high-
resolution images now possible.

myExam Companion is here to bridge this
gap, making it easier for users to harness
the full power of modern CT scanners.

This white paper delves into the features, challenges,
and benefits of this groundbreaking technology.

myExam Companion is a significant step in the evolution of radiology. This intelligent tool enhances

workflow efficiency and quality by providing real-time guidance to radiology technologists.
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Over the past few decades, CT scanners have evolved from single-to
multi-slice scanners, transitioned from sequential to spiral scanning,
and now rotate at speeds so extraordinary that they subject the
scanner internals to gravitational forces of up to 40 G. These hardware

improvements have paved the way for revolutionary developments in 1991 - 1_998 - 2905 | Photon-counting CT
medical imaging, allowing us to capture detailed images of entire First spira First multi-slice First Dual Source
organs in a fraction of a second. CT scanner CT scanner CT scanner

Cardiac examinations offer a prime example of this progress.2 These
scans must capture images of the heart during the brief 100-150 ms — -
when it is not moving. Despite this incredibly brief window of
opportunity, today’s CT scanners are up to the task of producing high- ‘
resolution images of coronary arteries and heart valves—allowing for —
better diagnosis and treatment planning around heart-related ;
conditions. g“"
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of medical imaging, offering tremendous potential for improving
patient care.
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The challenge for technologists

However, while the quality of the technology and the range of things
it can do have advanced by leaps and bounds, the way that CT
scanners are operated has not kept pace. Over the past three decades,
new features have been introduced that allow for a wide array of
scanning modes, or “protocols,” tailored for specific clinical
applications. These protocols are typically generated through the
modification of factory template protocols—with the user adjusting
and customizing to fit individual clinical and workflow needs.?
Different healthcare institutions may choose to further customize
these scanning protocols to meet their own particular needs, and
providers within those institutions may choose to demand their own
specific protocols—all of which results in a potentially bewildering
array of protocols. And as it always has, it falls to radiology
technologists to manage these protocols and ensure that the right
one is used for each patient, all while prioritizing patient care, safety,
and image quality.

Radiology technologists often work with various imaging modalities,
including X-ray, ultrasound, and MRI, frequently switching between
machines from different manufacturers. The user interfaces of these
machines can vary significantly. These differences can place a
significant burden on technologists, requiring them to be proficient
in multiple systems.

INTRODUCTION > THE POTENTIAL OF CT > THE CHALLENGE FOR TECHNOLOGISTS > THE SOLUTION: MYEXAM COMPANION

In response to these challenges, technologists may default to their
own preferred scanning modes or resort to averaging—a type of
one-size-fits-all shortcut—which can potentially result in
nonstandardized protocols, higher radiation doses than necessary,
or suboptimal image quality. Some valuable technologies provided
by manufacturers may go underutilized due to these practices.

The simple truth for radiology technologists today is that while their
basic job description has not changed, the job itself has gotten much
more complicated.* And it is not just technologists. Healthcare
providers have a whole new set of challenges, including rapidly
increasing patient numbers; lack of standardized processes; complex
workflows; the need to maintain a high quality of care, patient safety,
and patient satisfaction; and a shortage of qualified technologists.

The last problem is an extremely serious one. Radiology departments
are growing, and the number of technologists is not keeping pace.
As departments expand, either through the acquisition of new
systems or the integration of smaller practices, they may end up with
a multitude of systems, each requiring specific expertise. This
situation can lead to operational inefficiencies, and it can certainly
limit the number of staff who are capable of effectively managing
these various types of equipment.
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The solution to this is widely understood to be standardization of
workflow. In radiology, this involves setting scan parameters to
achieve the lowest possible radiation dose, highest image quality, and
reproducible results for doctors interpreting the examinations.® This is
a challenging task considering the countless possible configurations
of scanning parameters. Simply suggesting commonly used protocols, e
while a helpful step, falls short of fully utilizing the system’s Healthineers " 1
capabilities. It basically provides an average solution for the patient
being scanned, without allowing technologists to explore new dose-
saving settings and technologies, potentially compromising patient
safety. What is really needed is automated and error-free guidance®
through the manual and error-prone scanning landscape—an
intelligent algorithm that mimics technologists’ behavior while

Reconstruction details

Dose details

Scan and reconstruction E

optimizing CT scanner capability for patients being scanned. ranges and direction
In 2019, Siemens Healthineers introduced myExam Companion, Scan and contrast
leveraging years of data analysis to provide technologists with master- media timing

level guidance, and to take a major step toward enhancing the
efficiency of radiology departments and standardizing workflows.
An example of this can be seen in Figure 1: There is a clearly defined
interface, including natural language guidance questions, in the
center of the screen for easy and efficient interaction between the
technologist and the machine.

Figure 1: Example of a user interface guided by myExam Companion, with multiple scan parameters being adjusted simply by providing
an answer in natural language, rather than having to set each one manually

The challenge for technologists

>
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The solution: myExam Companion

myExam Companion may be thought of as the brain
guiding the imaging operation. It clusters several
technologies that obtain specific input from the
patient—all the knowledge required to carry out the
function—and adapt the scan and reconstruction
parameters accordingly, thus achieving more
individualized and standardized outcomes in an
automatic way.

In this way, myExam Companion changes the work
context for technologists, making their decision-
making faster and consistent. Instead of having to
choose between supporting technologies, ponder
different algorithms, and select appropriate
parameters, technologists can now know, almost
instantly, what the optimal choices are. The final
decision is still theirs, but they can know that the
suggested decision—the one that optimizes the
technological potential of the scanner—is always
at hand.
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Supporting technologies:
the nuts and bolts

Figure 2 provides a graphic overview of the cardiac
scanning process as an example, including many
new algorithms.” These technologies are designed
to support operators along the CT imaging process,
from preparation to acquisition to reconstruction. It
is obviously critical that operators be aware of these
aids and employ them correctly. Until the intro-
duction of myExam Companion, those algorithms
had been semiautomatic. Users would have to
carefully and deliberately select every function.
According to the manufacturer’s analysis, the use
rates of some of those functionalities, despite their
potential, remained low. It could be argued that
remembering about, and how to use, each of these
functions during every individual scan is simply too
difficult, even for the best technologists.
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Figure 2: This figure demonstrates the complexity of carrying out a cardiac scan while trying to leverage the full potential of the scanner.
It is a graphical description of the decision-making process that must be undergone by the technologist for every single patient. In addition,
an overlay on top briefly describes available supportive technologies, which further complicate the process for the technologist.




Clinical decision trees

The main engine of myExam Companion is a set of
clinical decision trees that interact with the
operator, acting as decision-support tools, visually
displaying possible decisions and suggestions.?
From there, the branches can easily be evaluated
and compared to select the best courses of action.
Clinical decision trees are then connected to exam
protocols, and multiple decision trees can be
connected to the same basic protocol, making it
easy for technologists to select exactly how
particular scans should be run for specific patients.

Clinical decision trees were conceived with the
support of Al, which analyzed large numbers of
scans worldwide to determine optimal settings for
procedures such as cardiac scans. In this demanding
scanning scenario, the patient is positioned with
the support of an Al-driven 3D camera.
Technologists perform the breathing exercises with
the patient while the scanner acquires the heart
rate of the patient and the variability of that rate.
With those inputs, myExam Companion will
determine if the scan should be performed in a
spiral or sequential mode, whether the scan should
be performed during the systolic or diastolic phase,
and finally, propose the pulsing parameters in
percentages or milliseconds.

The solution: myExam Companion

The system will also decide, based on information
taken from the radiology information system (RIS)
or a question asked to the user in natural language
about the patient’s age, whether there should be a
calcium score scan for calcification evaluation. After
the initial topogram, the system will adapt kV and
mAs settings individually to the patient, to provide
optimal dose and image quality. At the
reconstruction phase, the system will automatically
perform postprocessing steps for cardiac imaging.
In the era before the intelligent workflow assistant,
all of those tasks and decisions would have fallen to
technologists. In Figure 3, a cardiac scanning
scenario can be observed, with a scanning path
automatically suggested for the user indicated in
orange. It is important to note that the user does
not need to recall all the technologies and
parameter values. They are kept and stored in the
decision trees. In case it is needed, it is possible to
create an institution-specific decision tree with
strategies tailored to individual users (illustrated in
Figure 5). This needs to be defined only once at the
very beginning of initial scanner setup.
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Figure 3: This figure shows the same cardiac scan process as in Figure 2, but with the support and guidance of an intelligent workflow aid—
myExam Companion. Inputs from a 3D camera, ECG analysis and patient info from the RIS system are integrated in order to apply the best
possible individual scan strategy, utilizing scanner technologies for low dose while maintaining the highest image quality.
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myExam Compass

myExam Compass collects the attributes and
questions configured into the clinical decision trees
and attached to the particular protocol and presents
them to the user in a single overview, providing
control to the user. In Figure 4, a cardiac strategy
can be observed. myExam Compass will
automatically collect as much information as
possible about the patient, without the need for
input from the technologist. For example, heart rate
and heart rate variability are collected automatically
and used to determine the acquisition process. In
this particular scenario, some input is required from
the user. But the system will behave proactively
without the need for the operator to remember this
specific step. Technologists will be asked if the
patient’s age is above a certain threshold. That
information will determine the calcium score scan
necessity. With myExam Compass, complicated scan
strategies (Figure 4) are suggested to the user with
minimal manual input, while utilizing all of the
technologies.

The solution: myExam Companion

myExam Cockpit

myExam Cockpit is responsible for teaching the
algorithm how to fully utilize the potential of the
scanner to optimize the dose and achieve optimal
images. This includes setting up the clinical decision
trees by combining protocol parameters with
patient characteristics such as body weight and
heart rate.

In a contrast medium enhanced procedure, contrast
materials help distinguish or “contrast” selected
areas of the body from surrounding tissue, helping
physicians diagnose medical conditions by
improving the visibility of specific organs, blood
vessels, or soft tissues. Part of what decision trees
can do is to prepare the contrast-medium procedure
so that the only thing the operator needs to do is
answer a yes-or-no question, rather than manually
preparing the whole scan process.’ Decision trees
can also add or remove bolus tracking and
automate the workflow so that the user does not
have to set multiple parameters manually anymore.
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Figure 4: A block-diagram representation of myExam Compass executing a cardiac decision tree, initiating user-dependent input
and navigating with automatically acquired input from the ECG signal in order to obtain an optimal, individual scanning strategy.
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Figure 5: A user defining a site-specific strategy based on factory settings—teaching the scanner a desired strategy for optimal protocol
selection and scan settings. With myExam Cockpit, guiding questions in the native tongue of specific institutions can be set.

The solution: myExam Companion
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myExam Companion at a glance

Benefits of myExam Companion
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Real-time protocol guidance: The system
helps technologists select the most

appropriate scanning protocols based on the

patient’s clinical condition and the desired
image parameters. This ensures consistency
and standardization in image acquisition.
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Improved consistency: One of the
most significant advantages of myExam
Companion is its ability to standardize
imaging protocols across different tech-
nologists and facilities. This consistency
ensures that the quality of diagnostic
images remains high.
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Patient-centric imaging: myExam
Companion takes patient-specific factors
into account, such as physical attributes
and anatomy, to optimize image quality
while reducing radiation exposure.

Enhanced efficiency: By streamlining the
imaging process and reducing the need for
manual adjustments, myExam Companion
enables radiology technologists to complete
exams faster and with greater confidence.
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Workflow optimization: By automating
routine tasks, such as positioning
instructions and image acquisition
parameters, myExam Companion allows
technologists to focus on patient care
and critical decision-making.

Improved technologists’ satisfaction: The
simplified and clear user interface, based on
natural language and the ability to work
with a remote tablet, enhances user
experience.
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Quality control: The algorithm monitors
image quality, flagging potential issues in
real time and providing recommendations
for corrective actions.
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Accuracy from the outset: With quality
control and optimization, myExam
Companion leads to consistent image
quality, providing radiologists with more
consistent information.
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In support of this white paper, researchers from
Kantonsspital Baden in Switzerland conducted

a series of measurements to assess the potential of
myExam Companion. The research team consisted
of 46 radiology technologists selected for their
varying levels of expertise in the field.'® The
technologists were divided into two categories:
experienced (31 users) and inexperienced

(15 users). Experienced users had at least two years
of experience in CT operation. Inexperienced users
had less than one year of experience, very often
working with other modalities.

For the purpose of this study, the SOMATOM X.ceed
scanner equipped with myExam Companion from
Siemens Healthineers was used for analysis and
monitoring.

The study’s approach was to generate quantitative
measurements of different aspects of CT scanning
that would be important for healthcare providers.
Measurements were conducted in two distinct
phases, in accordance with long-standing research
methodology. First, a baseline was set with scans
performed without the assistance of myExam
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Companion—in other words, using standard manual
procedures and protocol selection, and with
reconstruction preparations by technologists
performing the examinations. The baseline having
been set, myExam Companion was activated, aiding
in the areas of scan preparation, acquisition, and
reconstruction. This allowed for a comparison
between results obtained during the traditional
scanning process and results obtained with the new
technology. Same operators, same institution, same
workflows. This study was one of the first ever to
focus on the influence of an intelligent workflow on
everyday CT practice.

Time reduction

Yet another thing analyzed by the researchers was
the influence of a myExam Companion-aided
workflow on experienced users and inexperienced
users. The first thing analyzed was the potential for
time savings—something near and dear to the hearts
of patients, technologists, and administrators alike.
Researchers looked at the time necessary to perform
individual scanning setup, as well as the effect of the
acquisition and recon process on the overall time
required to accomplish each examination.

Measurements: mean time in seconds

200
150
100

50

Without With
myExam Companion myExam Companion

Inexperienced users
e Experienced users

Figure 6: Results of time measurements for both baseline and
myExam Companion measurements
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The results in Figure 6 speak clearly to the time-
saving potential of myExam Companion. The
experienced user group saw a 66% reduction in
time needed when using the myExam Companion
workflow. For inexperienced users, the results were
even more impressive. A time reduction of 74% was
observed. One of the biggest time savings was
observed in the cardiac workflow, with a 73% time
saving due to intelligent workflow automation.

The study also looked at the distribution of time
savings across different parts of the examination.
What it found is that, excluding the recon process,
intelligent workflow automation alone can save up
to 40% of the time needed for the examination.
An additional time saving of 26% can be achieved

in automating the recon process.

Putting myExam Companion to the test
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Reduction in manual interaction

The second area analyzed was manual input,
quantified by number of clicks (Figure 7). By
counting the number of clicks required to perform
certain tasks, the physical effort involved can be
evaluated. Fewer clicks means less effort.
Furthermore, to achieve fluency in performing a
task, the human brain builds a model of the steps
required to do that task. The fewer steps, or clicks,
that are required, the faster certain processes can
be mastered." With decreased manual input, the
whole process is less error-prone and more
consistent across different users.

Once again, myExam Companion was compared
to the baseline. And once again, as Figure 7
demonstrates, it brought about real improvement.

27 clicks
saved -

with myExam Companion 10 clicks

Baseline measurement
myExam Companion

Figure 7: Results of click counts for both baseline and
myExam Companion measurements

To perform a workflow without intelligent assistance,
it took technologists an average of 37 clicks. With the
support of myExam Companion, an average of only
10 clicks was necessary.

New staff learning curve

The study included technologists with varying levels
of experience to investigate the learning curve and the
time required to master the new scanner operations.
It compared the influence of the intelligently aided
workflow on experienced CT users with its effect on
less experienced users who work with other
modalities but occasionally perform CT scans.

The learning curve progress can be observed both
through time measurements and the number of
clicks. First, focusing on time measurements, the
impact of myExam Companion is considerable.
Experienced technologists took 257 seconds to
perform a scan without the benefit of our new
technology. With myExam Companion, experienced
users took only 87 seconds.

: MYEXAM COMPANION > PUTTING MYEXAM COMPANION TO THE TEST > CONCLUSION
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Inexperienced users took 353 seconds for an
examination without myExam Companion, but with
the technology, that number dropped to an extra-
ordinary 92 seconds—almost as fast as their more
experienced colleagues. Not only the sheer time
reduction requires consideration here, but also how
close the times of examinations aided by the
intelligent assistant were for experienced and
inexperienced users.

Operator comfort

At the end of the day, time saved and clicks reduced
can suggest that a technology might be preferable,
but only operators can say for sure. Which is why
the subjective opinion of the operators—how they
felt about the technology they were using—was
considered in the assessment. After each
examination, technologists were asked to complete
a questionnaire comprising of several questions,
the two most important of which were:

¢ How would you rate the effectiveness of the
application used for conducting the examination?

« Did you also use the Scan&GO tablet to conduct
the examination?

Putting myExam Companion to the test
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Assessment of workflow effectiveness by CT operators
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Figure 8: Workflow assessment by the operators for baseline and
myExam Companion measurements

What the numbers in Figure 8 indicate is that CT
operators respond very well indeed to a system that
saves them time and effort. In the baseline
measurement phase, only 28% of the users—

13 technologists out of 46 participating in the
study—described the workflow as very effective.
With myExam Companion, that figure rose
significantly, with 76% of the users 35 technologists)
describing the workflow as very effective when
working with the intelligent workflow aid.

SIEMENS |H| — #
User guidance for ECG electrode placement and contact check
AR & — Breathing exercise performed next to the patient
©
| 2 .-
... — Patient characterization for scan definition
I

? Patient’s age > 25 years? Interactive questions for the operator

Figure 9: Example of a tablet user interface guided by myExam Companion. It can be used as a separate control device or in hybrid mode
with a classic operator’s console, where initial steps of scan preparation can be performed next to the patient in a more flexible manner and
then continued at the console.
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As an alternative to the traditional console in the
control room, scanner operation is also possible from
a tablet (Figure 9) with the simplified user interface—
the Scan&GO application. Its wireless operation
provides additional flexibility and allows the operator
to stay closer to the patient. The utilization of this
alternative Scan&GO workflow was also analyzed in
this study. The mobile device utilization (Figure 10)
also increases with the new system. In the baseline
measurements, only 16 technologists used Scan&GO
tablets in their workflow. With myExam Companion,
34 technologists used the tablets. That translates into
an increase from 35% to 74% of technologists making
use of tablets in their CT operation because of the
myExam Companion workflow. This makes it much
easier for technologists to be by the patients’ side,
taking care of them and answering their questions,
with the subsequent potential effect on patient
satisfaction and well-being.

Putting myExam Companion to the test
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Utilization of tablet
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Figure 10: Utilization of mobile workflow, with tablet assessed by
the operators, baseline and myExam Companion measurements

mobile workflow
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COI‘ICI.USiOI‘I The numbers from the case study with Kantonsspital Baden in Switzerland
speak for themselves: A 66% reduction in the time needed by experienced
users, and a 74% reduction for inexperienced users. A 73% reduction in the
number of clicks needed. Not to mention an almost 50% increase in the
number of users declaring themselves satisfied with the efficiency of the

myExam Compamon from Siemens Healthineers has process. Reduced complexity of workflow, reflected in time saved and a

the potential to revolutionize the field of radiology. reduced number of clicks, is a huge benefit. In addition, replacing a
Intelligent algorithms that help to avoid manual, bewildering number of possible protocols with intelligent guidance is
repetitive workflow steps are now a reality. This is helpful not only for users but also for healthcare providers seeking to
an intelligent scanning assistant that leverages its
access to optimal scan mode and technology to

standardized their processes.

) 3 myExam Companion was created through Al analysis of thousands of scans in
eaS|Iy help adapt the scanning process to the order to optimize imaging protocols and workflow. This advanced algorithm is
patient being scanned. designed to increase efficiency in healthcare facilities. Intelligent workflow
assistants like myExam Companion help to increase consistency in scan
preparation, acquisition, and reconstruction—all while supporting scans that
are tailored to the specific characteristics and the specific needs of the patient
(e.g., breath-hold capability).

It is a classic win-win. Doctors can be confident that they are receiving optimal
images. And from a C-level perspective, there is increased efficiency thanks to
the speeding-up and simplifying of the workflow, which allows more patients

to be scanned. And finally, every member of staff can operate the system with
potentially less need for an extensive training.

Increased workflow efficiency, improved patient care: myExam Companion is
leading the way to a brighter future for radiology.

15
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About Kantonsspital Baden

Kantonsspital Baden (KSB) is the main healthcare
hub in the east of Switzerland’s Aargau region. The
400-bed hospital and its several satellite locations
offer the area’s approximately 350,000 residents
excellent access to safe, cutting-edge healthcare
close to home. To be able to offer high-quality
medical care, it employs more than 2,000 staff
members and currently has seven CT scanners from
Siemens Healthineers in use at its locations. All
seven are dual-energy scanners. KSB was a clinical
use test site for the introduction of the SOMATOM
X.ceed scanner. More than 100 technologists work
in the radiology department. While the senior
technologists are mainly employed at the main site,
most users rotate between the different sites and
sometimes between modalities. As KSB is a teaching
hospital for technologists, the technologists’ teams
are generally made up of both experienced and less
experienced users.
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KSB has seen a huge increase in the number of
examinations, which strongly implies that scanning
processes need to be further optimized. The
decision trees suggest KSB can achieve this by
simplifying the examination through a better
structure for the users.

KS B

Kantonsspital
Baden
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Siemens Healthineers AG (listed in Frankfurt, Germany: SHL)
pioneers breakthroughs in healthcare. For everyone.
Everywhere. Sustainably. As a leading medical technology
company headquartered in Erlangen, Germany, Siemens
Healthineers and its regional companies are continuously
developing their product and service portfolio, with Al-supported
applications and digital offerings that play an increasingly
important role in the next generation of medical technology.
These new applications will enhance the company’s foundation
in in-vitro diagnostics, image-guided therapy, in-vivo diagnostics,
and innovative cancer care.

Siemens Healthineers also provides a range of services and
solutions to enhance healthcare providers’ ability to provide
high-quality, efficient care. In fiscal 2022, which ended on
September 30, 2022, Siemens Healthineers, which has
approximately 69,500 employees worldwide, generated revenue
of around €21.7 billion and adjusted EBIT of almost €3.7 billion.

Further information is available at
www.siemens-healthineers.com.

The outcomes and statements provided by customers of Siemens
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