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EDITORIAL

ENTERING THE
IN SILICO ERA

The healthcare industry needs solutions now.
The world requires rapid-fire innovation

to treat an aging population, reduce healthcare
costs and ensure the reliability of treatments.
Medical and pharmaceutical leaders are widely
adopting engineering simulation to create
significant opportunities from these challenges.

By Thierry Marchal, Director Healthcare Industry Marketing, ANSYS

nnovation in healthcare is not just a question of busi-

ness; often it is a matter of life and death. Medical and

pharmaceutical companies must turn a profit, but they

also have an ethical duty to improve lives — addressing

common chronic illnesses and providing effective treat-

ments for rare conditions — no matter the lack of prof-
itability. Healthcare companies, therefore, face the dilemma of
how to minimize cost and maximize efficiency.

Good healthcare should be the right of every person on
Earth, but, as consumers, we expect healthcare costs to be as
low as possible. The combination of these expectations with
the skyrocketing cost of healthcare places huge pressure on
companies to quickly come up with affordable but reliable and
safe solutions. A technology shift is needed to ramp up medi-
cal research while slashing costs.

Medical and pharmaceutical companies face another quan-
dary: They could save or improve millions of lives with one device
or drug, but if a single patient’s life could be endangered, compa-
nies could face plummeting stocks, fines, potential litigation and
bad press. This need for extreme safety — far beyond the toler-
ance in any other industry — requires organizations to perform a
delicate balancing act to provide inexpensive solutions.

To provide safe, reliable and cost-effective medical solutions,
consumers and the medical field alike are turning to treatments
that are personalized, participative, predictive and preventive,
called P4 medicine.

This approach recognizes human variability, distinctions
between individual patients, and the need for each of us to listen
to our bodies to detect early signs of disease or distress. It con-
siders that researchers must predict how medical conditions and
diseases evolve so they can prevent pathology; it incorporates
the use of minimally invasive actions that reduce the impact and
cost of treatment. P4 medicine won’t be possible without huge
sets of data and the ability to continually monitor key parame-
ters for each patient. To compile, manage and interpret such big
data, researchers need computer models and simulation (CM&S)

To provide safe, reliable and
cost-effective medical solutions,
consumers and the medical field
are turning to treatments that
are personalized, participative,
predictive and preventive.

that describe healthy and diseased states in humans, which is
also known as in silico medicine. This groundbreaking technol-
ogy properly captures the vital conditions within and surround-
ing implantable or wearable devices, including their sensors
and monitors; shares data with other devices, doctors and/or
patients; and suggests action plans that will bring the patient’s
body back to a more healthy state.

Combining fluid, structure and electrical physics that drive
the human body — a body that now interacts more than ever with
the connected devices that constitute the medical IoT — calls for
advanced solutions in the healthcare field. At ANSYS, research-
ers progressively create and develop technologies to provide the
medical and pharmaceutical worlds with a platform that allows
development of a virtual physiological human (VPH).

New concepts now can be tested on large groups of virtual
patients in very early stages of product and treatment devel-
opment. By modeling the entire human body using a systems
approach, healthcare companies can accurately predict the
behavior of their solution for a wide range of human conditions
and activities. The in silico revolution, in turn, will change the
rules of the healthcare world, just like the in vivo and in vitro
revolutions did centuries ago. A

© 2015 ANSYS, INC.
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ANSYS LAUNCHES RELEASE 16.0
Desktop Engineering
January 2015

ANSYS 16.0 delivers major advancements across the
company’s entire portfolio, including structures, flu-
ids, electronics and systems engineering solutions
— providing engineers with the ability to validate
complete virtual prototypes. This release introduces
an electronics desktop, provides users with the oppor-
tunity to create 3-D components and integrate them
into larger electronics assemblies, reduces fluid dynamic simulation time for com-
plex models by up to 40 percent, and launches ANSYS AIM, an innovative, immersive
simulation environment that lowers the barrier to entry for multiphysics simulations.

“Validating prototypes on the computer using ANSYS
simulation software, in addition to physical tests,

drives us to higher levels of innovation while getting our
products to market faster and more cost effectively.”

- Robert Terhune, Mechanical Engineer, smoms

ANSYS RELEASES NEW VERSION OF SPACECLAIM
Develop 3D
January 2015

The newly released version of ANSYS SpaceClaim enables engineers to manipulate
product geometries more easily than ever, as well as to print fast and flexibly in 3-D.
Additional improvements include imprint and wrap tools for easier simulation edits,
clean and detection functionality, and improved integration with ANSYS Workbench.

MEET THE 2015 ANSYS
HALL OF FAME WINNERS
Engineering.com

January 2015

The five ANSYS Hall of Fame winners
for 2015 include a company developing
new spinal instruments to reduce the
risks of scoliosis surgery and a univer-
sity that is exploring how leatherback
turtles might survive global climate
change. The contest, which highlights
some of the most complex scientific and
engineering challenges, gives ANSYS
users the opportunity to showcase their
simulation work by producing eye-grab-
bing images and animations. For the
second year in a row, submissions were
divided into two categories — corporate
and academic — and allowed ANSYS to
select multiple “best-in-class” winners
from each category.

Simulation of a spherical valve for a hydroelectric
plant inlet. ANDRITZ Hydro, whose entry was named to
the Hall of Fame, reduced the weight of the valve inlet
with the help of simulation.

SCALING ANSYS HPC

ANSYS BOOSTS COMPUTATIONAL FLUID

IN THE CLOUD
insideHPC
October 2014

A newly published report by Techila Technologies and Cargotec’s
MacGregor business takes a look at how ANSYS simulation users
can reduce the total cost of high-performance computing ownership
by integrating cloud services with IT. Because MacGregor’s marine
structural components are custom-designed for each specific appli-
cation and must be simulated quickly, the role of HPC is critical.

© 2015 ANSYS, INC.

DYNAMICS OFFERING WITH ACQUISITION
Financial News
February 2015

ANSYS has acquired the assets of Newmerical Technologies
International (NTI), a premier developer of in-flight icing simu-
lation software and associated design, testing and certification
services. NTI's suite of state-of-the-art specialized software
can solve problems in aerodynamics, in-flight icing, heat
transfer, fluid-structure interaction and wind engineering.
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SANTA’S SLEIGH UPGRADED WITH COMPUTATIONAL
FLUID DYNAMICS SIMULATION
3D CAD World

December 2014

ANSYS celebrated the holiday season by
attempting to improve the deer-energy
efficiency of Santa Claus’s sleigh and
thus protect the Christmas figure from
the harsh elements. CFD simulation
revealed that the drag on Santa’s tradi-
tional sleigh was very high. The newly
designed sleigh, which resembles a
small aircraft, reduces drag by 90 per-
cent and now, hypothetically, can reach
even supersonic speeds.

Santa Claus’s new sleigh, designed with simulation, is
more aerodynamic and built to handle supersonic speeds.

COMPUTERS IN THE SKY: THE

DESIGN OF NEXT-GEN AIRCRAFT

Aerospace Manufacturing and Design
November 2014

Robert Harwood, director of aerospace
and defense at ANSYS, breaks down the
three main considerations for design-
ing next-generation aircraft: economic
efficiency, environmental impact and
improved passenger experience. A suit-
ably next-generation digital design proc-
ess, he writes, is necessary for the work
but has not been fully realized. The article
features Boeing, Airbus, Lockheed Martin
and Northrop Grumman advancements.

NORTHROP GRUMMAN TEAMED WITH ANSYS ON BLACK HAWK
Avionics Today
October 2014

Northrop Grumman is developing the new Black Hawk cockpit display system using
ANSYS simulation. ANSYS SCADE Suite and Display are being used to upgrade to the
digitized UH-60V cockpit and help meet new safety standards.

CFD SIMULATIONS ARE SAVING INFANTS FROM
DEADLY HEART DEFECTS
Engineering.com

December 2014

Approximately 1,000 children are
born in the United States each year
with a heart condition known as
hypoplastic left heart syndrome,
which is characterized by under-
development of the left side of the
heart; the diagnosis affects new-
borns worldwide. Three surgeries

are required within a child’s first two
to three years to ensure his or her
health and survival. Doctors now can

ANSYS simulation of velocity magnitude at a total
cavopulmonary connection (TCPC) surgery site
Courtesy Politecnico di Milano.

gain more information to select optimal surgical options by testing scenarios
using ANSYS Fluent CFD simulations. By employing simulation, medical profes-
sionals save lives and cut down on unnecessary or excessively dangerous surger-
ies on very young patients.

SIMULATION HELPS MOTORBIKE
RACER BREAK DOWNHILL
SPEED RECORD
The Engineer

November 2014

The team from Sheffield Hallam University’s Centre for
Sports Engineering Research with Guy Martin (center)
Courtesy Channel 4.

Ateam from Sheffield Hallam University
used ANSYS CFD technology to design
a gravity-powered sled that broke the
world record for downhill speed. The
vehicle was created around — and built
to accommodate — a virtual prototype
of Guy Martin. Martin, a mechanic,
motorbike racer and TV presenter, then
raced the vehicle downhill in France at
a new world record speed of 85.61 mph,
breaking his own 2013 world record of
83.49 mph.

HOW GERMS TRAVEL: THE SNEEZE-ON-A-PLANE EDITION
Popular Science
October 2014

A simulation generated by the FAA's Center of Excellence at Purdue University used ANSYS fluid dynamics solutions to dem-
onstrate a passenger sneezing in a crowded airplane and dispersing influenza particles throughout the cabin. The Federal
Aviation Administration has been interested in determining how flu particles spread on airplanes since the outbreak of SARS

in 2002. The simulation shows that airborne diseases can be spread quickly in flight.

© 2015 ANSYS, INC.
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gi—

to computer
and pharms

By Thierry Marcha

the aeronautic, automotive and nuclear industries, bio-
medical and pharmaceutical companies have started
to widely embrace computer modeling and simulation (CM&S)
to accelerate their product development processes and reduce
the huge cost of bringing a new drug to market. (That cost could
be up to $2 billion U.S.) Yet, some healthcare practitioners and
organizations remain hesitant to adopt this unfamiliar approach
and technology.
Medical history shows that those who embraced true techno-
logical revolutions early emerged as new market leaders. Others,
including some who were previously dominators, simply disap-

F ollowing early engineering simulation adopters such as

peared. The medical world experienced this shift a few centu-
ries ago by following the example of Leonardo da Vinci, adopting
an in vivo approach to understand how the human body works.
In other words, researchers conducted tests and experiments

© 2015 ANSYS, INC.

rector Healthcare Industry Marketing, ANSYS

VO, IN VITRO,
LICO!

Four best pra€tices help ensure a smooth technology s
odeling and simulation for medical dev
tical organizations.

ft

on living organisms as well as cadavers. This led to tremen-
dous innovation, such as the development of modern surgery,
which saved many lives. Later in the 19th century, innovators
developed in vitro testing, which was much faster than in vivo
experiment but did not replace it completely. In these instances,
researchers conducted tests and experiments in test tubes and
on petri dishes. This led to a new wave of innovations, including
the emergence of a large pharmaceutical industry.

Today, to maintain the exponential growth of innovation,
the medical and pharmaceutical worlds are entering an era in
which a growing number of experiments will be done on the
computer — known as in silico — to complete and accelerate
in vivo and in vitro approaches. This has the potential to revo-
lutionize science and medicine. Some companies still wonder,
however, how to navigate through this intimidating transition
to a new style or stage of testing.

ANSYS ADVANTAGE Volume IX | Issuel 2015 6
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Medical and pharmaceutical worlds are entering an era in which
a growing number of experiments will be done on the computer.

THE ROLE OF NUMERICAL SIMULATION
IN MEDICAL DEVICE NPD: PAST,
PRESENT AND FUTURE

ansys.com/9lheart

As more technology advocates inter-
act with market leaders and innovators,
four best practices emerge.

VIRTUAL HUMAN LABORATORY

Many medical products, and, of
course, all drugs, directly interact with
the body. Testing them in their work-
ing environment is a necessary but also
challenging task. It can be difficult or
impossible to find volunteers to test
the performance of a given treatment
without endangering them. Thanks to
advances in medical imaging, computa-
tional power, and numerical algorithms
and models, medical and pharmaceuti-
cal companies now can reproduce human
environments. If necessary, researchers
can extend them with great geometrical
and operating condition accuracy, poten-
tially modeling the entire human body
through a systems approach.

Best-in-class companies develop a
detailed model of both the device and the
part of the body interacting with it. They
predict the complex thermal, structural,
fluid and/or electromagnetic behavior of
the natural components — such as soft
tissues, bones and blood — by using
advanced models previously validated
through experiments. Proper boundary
conditions mimicking different patient
activities and pathologies are considered
through a combination of 3-D modeling
and systems-level simulation to perform
full-body simulation. Understanding in
detail how the device might work is cru-
cial in the early concept development
stage of the product development proc-
ess. It reveals possible failures and opens
the door to optimization.

Developing such advanced models of
the human body is usually done step by
step — with each adoption level providing
valuable insight.

As a first step, a company using
engineering simulation adds the com-

© 2015 ANSYS, INC.

Induced Innovation Rate

A
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Surgery
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The in silico approach will complement in vivo and in vitro testing to boost the innovation rate.

Activities of daily living
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Patient
information

Cosimulation

Model information
Boundary conditions

FE model

Testing new devices in the working environment of the human body during various activities minimizes the risk
of post-release failure. Courtesy Hochschule Regensburg University of Applied Science.

The in silico approach has the potential
to revolutionize science and medicine.

interaction laboratory best practice.
Researchers can then add more to mimic
the complexity of the human body — by

ponents of the human body that
directly interact with the device, a first-
level adoption of the virtual human
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Testing new cerebral aneurysm treatment on more than 300 patient-specific aneurysms was the goal of the @neurIST project. Courtesy the @neurIST project.

considering more-advanced nonlinear
models or by adding more physics —
to understand body-device interaction
with greater fidelity. They also should
progressively expand the number of
body parts until they encompass the full
body, possibly by using a reduced-order
model approach. Through this progres-
sive approach, innovative companies
continually improve their virtual test-
ing processes.

For example, the VIRTUheart™ proj-
ect featured on page 25 helps doctors
determine the best form of treatment. It
uses simulation to improve the diagno-
sis of the severity of coronary artery dis-
ease in a given patient. Starkey Hearing
Technologies employs simulation to
ensure that hearing aids and their con-
trollers perform reliably by taking into
account both the device and the wearer.
(See page 18.)

IN SILICO TESTING

The medical community faces a
unique challenge from human variability;
it is not enough to prove that a new device
works well for a single person. Device
manufacturers need to state with confi-

© 2015 ANSYS, INC.

Safety/Efficacy

Regulatory authorities today recognize the importance of the computational approach to complement human, animal and

bench testing.

dence that medical equipment will work
as expected for the entire target popula-
tion. Typically, new devices are tested on
hundreds or thousands of patients in clin-
ical trials to confirm that the prototype
does not endanger the patient and that it
provides the expected results despite the
physiological and pathological variability
of the target population.

The similarity and repeatability of
these clinical tests is an obvious oppor-
tunity to use computer models and sim-
ulation. By doing the same simulation
on large databases of patient-specific
geometries and material properties,

ANSYS ADVANTAGE Volume IX

researchers can develop in silico clinical
trials based on just a few key parameters
and arrive at conclusions that are valu-
able to clinicians. Furthermore, as test-
ing proceeds on virtual patients, there is
no risk of harm or threat to safety. It is
possible, therefore, to push the test to the
extreme and determine the actual operat-
ing window for a given solution.
Developing such in silico clinical
trials is a time-consuming task, as it
requires accumulating large databases
of patient-specific geometries, material
properties and operating conditions.
Modeling the interactions of the device
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As the number of implantable and wearable devices increases, medical product developers must guarantee safe interaction

with the body and minimize the risk of interference.

The in silico revolution will hoost medical

and pharmaceutical innovation and provide
solutions so we can all live longer and better
at an affordable cost.

with a single patient’s body, however,
is a first step toward an in silico testing
approach. When medical device manu-
facturers collaborate with clinical part-
ners and simulation software providers
such as ANSYS, it is possible to progres-
sively add more patient-specific geom-
etries (and material properties) to the
database. This progressive adoption and
amplification of in silico clinical testing
provides increasing confidence that new
treatments will sail smoothly through
the actual clinical testing.

This issue of ANSYS Advantage pre-
sents an article from Integrated Scientific

© 2015 ANSYS, INC.

Services AG on page 11. The company is
developing Optimeyes — a clinical tool
for ophthalmologists that runs ANSYS
Mechanical in the background to produce
patient-specific cataract surgical strategies.

PREDICTING MRI COMPLIANCE OF
IMPLANTED DEVICES

ansys.com/91vivo

SIMULATION-DRIVEN
FDA APPROVAL

Recently, regulatory authorities such
as the U.S. Food and Drug Administration

ANSYS ADVANTAGE Volume IX

(FDA) have recognized the value of com-
puter modeling and simulation within
their approval processes when simulation
is properly applied. Authorities encourage
the adoption of simulation to complement
other approaches such as bench, animal
and human testing. Although computer
modeling is still a tiny fraction of the
testing, the Medical Device Innovation
Consortium (MDIC) said the approach
could represent more than 50 percent of
clinical trials in the future. (Read more
about MDIC on page 22.)

Building on the willingness of var-
ious regulatory authorities to accept
burgeoning technology, engineering
simulation can be an essential part of
this approval process. Some medical
device companies, including a few fea-
tured in this issue of ANSYS Advantage,
have reported modifications of previ-
ously approved devices (and electro-
magnetic interaction with the body)
approved through the exclusive use of
simulation results. But, as some regu-
latory authorities might be less famil-
iar with this technology or require
results in a specific format, any orga-
nization modifying or developing med-
ical devices should communicate early
and often with regulatory authorities to
determine expectations for validation
and reporting.

Through these interactions, the rec-
ommended in silico approval strategy
will be as clear for the company as for
the authorities and increase the number
of cases in which simulation can play an
important role to reduce process time
and minimize costs.

A NEW SYSTEM FOR SURGERY
ansys.com/91vivo2

VIRTUALLY CERTIFIED BODY-
AREA NETWORK

As wearable and implantable devices
connected to the Internet or each other
multiply (as the Internet of Things
becomes pervasive), individuals are fast
becoming a complex network known
as a body-area network (BAN). Even
with an increasing number of devices
directly interacting with the body on a
regular basis, the human tolerance to
absorb electromagnetic energy remains
the same. So, product developers must

Issue 1 = 2015 9
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ensure that the accumulated energy
of implanted or worn devices will not
exceed acceptable electromagnetic-field
thresholds. It is equally important that
these devices, especially those that have
the potential to save lives, will not inter-
fere with each other.

It is extremely difficult to test all con-
figurations, and it is also challenging to
obtain FCC approval for each new device.
Clinical testing is time- and cost-prohib-
itive, if it were even possible. Market
leaders such as Medtronic use engineer-
ing simulation to model both the device
and the body to demonstrate that the
specific absorption rate (SAR) is within
safe levels for the wearer. (See page 14.)
In silico testing has made it possible to
virtually implant and/or wear differ-
ent devices — and to model interactions

between them or between the devices
and the body — and even consider dif-
ferent body types (male, female, child,
slim, average, overweight, etc.).

Although thisapproach is not expected
to fully replace clinical trials in the fore-
seeable future — with a few exceptions
— it already allows designers to identify
potential failures in the very early stages
of the product development process.

DO NOT FEAR THE
IN SILICO REVOLUTION

This in silico revolution will boost
medical and pharmaceutical innova-
tion and provide solutions so we can all
live longer and better at an affordable
cost. It already is delivering huge busi-
ness opportunities to organizations
that adopt best practices such as the

Significant value can be gained even with
a minimal commitment to in silico testing.

virtual human laboratory, in silico test-
ing, simulation-driven FDA approval,
and safe and reliable BAN. But this
technology shift can be intimidating
because of the uncertainty inherent
in any new approach and the possible
investment required.

As many of the articles in this issue
of ANSYS Advantage reveal, it is impor-
tant to start adopting these best prac-
tices as quickly as possible. Companies
can gain significant value even with a
minimal commitment to in silico test-
ing. First, it is essential to identify
which best practices could deliver the
most immediate impact on your busi-
ness. Next, adopt progressive, multi-
level best practices that are most
advantageous to you. Although organi-
zations will not gain the full benefits of
widespread deployment immediately,
this approach will yield important
results for a small investment.

ANSYS has extensive experience and
a network of resources in this area and
is willing to guide you in this important
journey toward in silico medical prod-
uct development. A
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OPHTHALMOLOGY

To dramatically improve vision through customized
patient-specific surgery, Optimeyes employs structural
simulation in clinical ophthalmology.

By Harald Studer, Team Leader, Integrated Scientific Services AG, Biel, Switzerland

cataract is a clouding of the lens of the eye that first
Ablurs vision and can eventually lead to blindness if the

lens becomes opaque. The World Health Organization
estimates that nearly 18 million people worldwide are blind in
both eyes because of cataracts, making this disease the cause of
almost half of all cases of blindness. The main culprit is aging:
Approximately half of all peop