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TOWARD A COMPREHENSIVE 
TECHNOLOGY STRATEGY
Developing breakthrough technology is a vital part of our 
Mission to “alleviate pain, restore health, and extend life.”  
Our technology strategy helps contribute to human 
welfare and supports that mission by:

• Expanding	first-in-class	capabilities	in	power	&		
batteries, materials, and microelectronics

• Deepening core competencies: medical imaging 
and visualization, data collection and management,
communication platforms, ultrasound, combination
products/drug delivery, and sensors

• Creating new expertise: additive manufacturing, bio-
markers, big data and analytics, predictive modeling, 
and tissue regeneration/replacement

• Investigating	 and	 developing	 other	 high-potential
technologies to meet unmet needs of patients,
healthcare providers and their systems
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A dismal, dead-end disease is sometimes no match 
for a few forward-thinking minds. Two decades 
ago, congestive heart failure fascinated a team 
that spanned disciplines. Clinicians, scientists, and 
engineers took up the task together and moved past 
a number of obstacles, to resolutely invent a treat-
ment that founded an industry. 

That it takes a team to beat a disease should come as 
no surprise: Consider those gathered to treat a slow 
heartbeat in the late 1950s. Engineer Earl Bakken’s 
collaboration with physicians and scientists produced 
the first external battery-powered pacemaker and 
launched Medtronic into the business of pacing. 

In the late 1990s, investigators studying congestive 
heart failure faced a seemingly unsolvable degenera-
tive disease, which had doubled in hospital admission 
rates in the U.S. over a 10-15 year period.1 But this 
forward- thinking, multidisciplinary team also noticed 
an emerging treatment that placed multiple leads at 
novel locations in the heart. This treatment might 
benefit a patient’s natural pumping mechanism and, 
in turn, extend the patient’s life and improve quality of 
life. The treatment’s early and largely unproven  

attempts looked too invasive and high-risk to win 
strong endorsement over traditional medical thera-
py. Despite higher-priority projects, difficult business 
decisions, and sometimes waning financial support, 
the collaborators kept pushing forward and asking 
questions. Mounting clinical evidence showed very 
promising results over time as implant procedures and 
delivery tools caught up with the treatment needs. 

By placing leads on the left and right sides of the heart, 
researchers found they could resynchronize an unco-
ordinated pumping mechanism. From this hypothesis 
and several pivotal clinical studies came an entirely  
new method of therapy—cardiac resynchronization  
therapy, or CRT. Medtronic used CRT to help the 
enlarged heart pump blood more efficiently, which 
led to better patient outcomes. The route to cardiac 
resynchronization therapy was a collaborative journey 
—along a circuitous path—that required many looking 
forward and many not giving up.

Persevering to solve unmet medical needs—despite 
a winding path—is part of our DNA. Is this where our 
paths intersect?

HOW A MULTIDISCIPLINARY HUNCH PRODUCED 
A BREAKTHROUGH HEART THERAPY

1Davis, RC, Hobbs FDR, Lip GYH. ABC of heart failure: History and epidemiology  
(BMJ VOLUME 320 1 JANUARY 2000) 42.

Engineer Earl Bakken’s collaboration 
with physicians and scientists produced 
the first external battery-powered 
pacemaker and launched Medtronic 
into the business of pacing.  

Photograph © SEPS licensed by Curtis Licensing Indianapolis, IN.  
All rights reserved.



US:
We are a global leader in medical solutions, 
technology, and service. We work hard to 
improve the health and lives of more than 
70 million people around the world each 
year. Our deep scientific, technical, clinical,  
and medical economics expertise can help 
address the complex challenges— such as the 
burden of chronic disease, aging popula-
tions, and rising costs— faced by families and 
healthcare systems today. 

We’re also visionaries. We dream of tech-
nology guesses that move from theory to 
studies to novel therapies and diagnostics that 
deliver brilliant outcomes. We seek those ideas 
and conversations that intersect, so that, 
when realized, can significantly alter patient’s 
lives and improve healthcare delivery systems. 
We know from experience that working and 
talking together about our early ideas can 
make one plus one equal three. At nearly every 
level, we find our work is better when we work 
together with others. It’s actually part of our 
DNA, imprinted more than 60 years ago when 
Medtronic co-founders Earl Bakken and  
Palmer Hermundslie started  talking about  
wearable battery-powered pacing in a garage 
in Northeast Minneapolis, in Minnesota, USA.

YOU:
You are a technology big-thinker. Your curi-
osity leads you to pursue ideas that promise 
a large impact. Curiosity leads you to further 
training and practice, experiments at a 
university or with a company—or even to 
start a new venture. You know technology has 
great power to transform healthcare, people, 
and populations. You also suspect that the right 
conversations can unleash great potential.

 

Let’s talk.+ 

GLOBAL MEDICAL 
TECHNOLOGY 
LEADER

SEEKS PARTNERSHIPS 
WITH PASSIONATE 
SOLUTION SEEKERS
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GLOBAL REACH
WITH GLOBAL LISTENING
Our global employees have an abiding  
interest in using technology to alleviate 
pain, restore health, and extend life. This 
focus has been our goal and guidepost since 
the introduction of our Mission in 1960. 

CONVERSATIONS 
THAT PRODUCE HEALING
As smart, motivated collaborators in a tech-
nology company focused on improving health, 
we are eager for useful insights that can push 
our investigations forward. Those insights will 
come from the intersection of our ongoing 
discoveries combined with the discoveries 
from colleagues like you. 

Join us in asking “What if?”

LET’S ASK “WHAT IF?”
TOGETHER

OUR GLOBAL PRESENCE
HELPING MORE PEOPLE IN MORE PLACES



Medtronic started as a medical device company. Since 
the late 1940s, we’ve made it our Mission to alleviate 
pain, restore health, and extend life.

Today we’re helping transform healthcare by thinking 
holistically about how patients move through the  
healthcare system.

Our Value-Based Healthcare initiative links 
product and service costs  to quantifiable 
outcomes.

We actively adapt our thinking and processes 
to expand access globally and to meet market- 
specific needs.

And we persist with our passion and Mission 
to research and develop new and comple-
mentary solutions to meet clinical needs.

Two healthcare services and solutions organizations  
bring deep Medtronic expertise to many parts of the 
healthcare system:

Integrated Health Solutions (IHS):  
Helping healthcare systems make healthcare delivery 
more efficient, connected, and coordinated.

Medtronic Care Management Services (MCMS):  
Helping healthcare providers manage patient popula-
tions using remote patient monitoring services.

Serving Patients from 4 Business Groups 

Medtronic serves patients and caregivers by provid-
ing products, therapies and diagnostics, services, and 
solutions in four main groups:

COLLABORATE AND INNOVATE 
TOWARD IMPROVED OUTCOMES

MEDTRONIC OVERVIEW

DIABETES  
GROUP

n  Advanced Insulin Management

n Multiple Daily Injection Solutions

n  Non-intensive  
  Diabetes Therapies

RESTORATIVE THERAPIES 
GROUP

n Brain Therapies

n  Pain Therapies

n  Specialty Therapies

n  Spine

MINIMALLY INVASIVE  
THERAPIES GROUP

n Renal Care Solutions

n  Respiratory, Gastrointestinal  
  & Informatics

n  Surgical Innovations

CARDIAC  AND 
VASCULAR GROUP

n Aortic and Peripheral Vascular

n  Cardiac Rhythm and  
   Heart Failure

n  Coronary and Structural Heart



 

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

ADDITIVE 
MANUFACTURING

Layer-by-layer printing 
to create a part from a 
computer file.

Started as rapid proto- 
typing. Now generating 
production parts routinely.

Bridging wafer-scale 
technologies, conven-
tional manufacturing, and 
bioprinting.

Disruptive force for dis-
tributed manufacturing of 
personalized solutions. 

BIG DATA &  
ANALYTICS

Driving disparate data into 
information and insight.

Informing patient care and 
disease management.

Growing connectivity,  
data farming, and  
preemptive disease  
management. 

Capture ever-larger vol-
umes of data for improved 
clinical decision-making 
and artificial intelligence.

BIOMARKERS Objective measure of 
biological or pathogenic 
process.

Current biomarkers detect 
various disease states, from 
cardiovascular disease to 
brain atrophy to oncology 
to monitoring kidney/liver 
function during a pharma-
cological therapy. 

Discovery and validation 
of biomarkers for clinical 
utility, reliability, and for 
personalization of therapy 
by appropriate identifica-
tion with a patient group. 

Personalization of medi-
cine with better diagnosis 
and therapy, autonomous 
healthcare and healthcare 
delivery outside traditional 
settings.

PREDICTIVE 
MODELING

Using physics, use-condi-
tions, systems engineer-
ing, and  statistics to  
simulate real-world  
problems and solutions. 

Today’s technology 
convergences allow more 
robust simulation.

Framing outcomes 
around complex,  
real-world, questions.

Predictive modeling  
that tracks real-world 
problems and informs 
potential solutions.

TISSUE  
REGENERATION/  
REPLACEMENT

Design, manufacture, 
and repair or replace 
diseased tissue with  
bioengineered  
constructs.

Next generation cell  
production show good 
results with controlled 
growth.

Advances in biotech-
nology, molecular/cel-
lular biology, regulatory 
science, manufacturing 
technology, and distribu-
tion channels. 

Engineered or construct-
ed tissue so biologically 
compatible that they 
seem natural.

COMBINATION  
PRODUCTS/DRUG 
DELIVERY

Devices that deliver drug 
therapy and/or are en-
hanced with drug therapy.

Evolving biologics  
already deliver  
multimodal therapies 
with great effect.

Transition from drug-device 
combinations to biologic 
-drug-device combina-
tions (including protein, 
RNA, stem cells, etc.).

Technologies that address 
the design, development, 
supply, and manufacturing  
challenges for combina-
tion systems.

COMMUNICATION 
PLATFORMS

Technologies to enable 
and ease communication 
and power transfer.

Wireless technology  
enables nearly every  
facet of life today. 

Research in deepened 
connectivity, data  
transfer, and wireless 
recharging. 

Smarter connectivity, 
diverse placement, intra-
body and external com-
munications, and uses 
with wireless recharging.

 

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

DATA COLLECTION & 
MANAGEMENT

Caregivers connected with 
care delivery for efficiency.

Insights shared between 
connected caregivers 
and the patient already 
shown as transformative 
experiences.  

Insights from data 
connect with patient en-
gagement and population 
health to stimulate care 
practice excellence. 

New connectivity tools 
and expectations will 
help transform from 
volume-based care to 
value-based care.

MEDICAL IMAGING & 
VISUALIZATION

Visualize body  
structures for diagnosis 
and treatment.

Imaging techniques used 
across many branches of 
medicine. 

Collecting metadata to 
prepare virtual reality/  
augmented reality and 
augment imaging;  
computational speeds  
for real-time image  
analysis. 

Personalized medicine for 
each patient from image 
processing, data screen-
ing, and big data, enabling 
autonomous robotic  
surgery and novel thera-
peutics and diagnostics.

SENSORS Convert a physical, biolog-
ical or chemical property 
or state into a detectable 
signal.

Going beyond devices 
to manage patients and 
disease states. 

Identify and track complex 
disease states and their 
subordinate conditions 
for multiple sensor 
use. 

Care teams using sensors 
to provide state of the art 
care in the patient’s home; 
autonomous, prescriptive 
care management.

ULTRASOUND High-frequency sound 
waves applied to diag-
nostic and therapeutic 
purposes.

Miniaturization has  
allowed increased  
ultrasound portability.

Profound miniaturization 
with artificial intelligence 
and location-specific 
delivery of diagnostic and 
surgical tools as well as 
implantables.

Connected ultrasound 
tools enhance images 
with artificial intelligence 
in physicians’ office and 
provide platform for novel 
therapeutics and diag-
nostics.

MATERIALS Provide structure for 
diagnostics and therapies 
inside and outside the 
body. 

Continued miniaturiza-
tion, longevity, and novel 
diagnostic and therapeu-
tic goals put stress on 
current materials.

Predictable material 
longevity, dissolution, and 
regeneration in combina-
tion with novel materials.

Fabricated materials that 
provide platforms for 
significant advances in 
diagnostic and therapeutic 
opportunities.

MICRO- 
ELECTRONICS

Design and produce  
very small electronic  
components.

Surge in availability of 
lower power, implant-sized 
components allows for 
more combinations.

Explore partnerships 
between research and 
manufacturing; improve-
ments in longevity, com-
putational capability, and 
connectivity.

Interconnected and 
interoperative devices are 
the norm.

POWER &  
BATTERIES

Optimized power sources 
for “on” and “in” the body.

Small-sized, power-dense 
sources provide diverse 
and dynamic therapies 
and diagnostics.

Reduce battery size while 
maximizing interconnec-
tions with fresh chemistry 
and material-science 
thinking.

Rechargeable and novel 
power sources for even 
more diverse therapies 
and diagnostics for  
improved outcomes.

TECHNOLOGY OPPORTUNITIES IN BRIEF

EXPANDING FIRST-IN-CLASS CAPABILITYDEEPENING CORE COMPETENCYCREATING NEW EXPERTISE   
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In the last year, Medtronic 
 therapies improved the lives of 
more than

70 million people.

That’s 

2 people every second.

 $29.71 B 
NET SALES U.S. DOLLARS 

NYSE Ticker: MDT

168,000+ 
MEDICAL DEVICES

Which diagnose, prevent, mitigate, treat,  
or cure diseases or other conditions

$2.2 B 
R & D SPENDING IN FY 18

MEDTRONIC INNOVATION THAT ADDS UP

86,000+
EMPLOYEES

400+
ONGOING CLINICAL 
TRIALS

45,000+
PATENTS IN TOTAL

50+
SERVICES AND 
SOLUTIONS FOR  
CUSTOMERS & PARTNERS

9,000+
SCIENTISTS AND  
 ENGINEERS

1,600+
CLINICAL  
PROFESSIONALS

 YEAR ENDED     APRIL 28,    2018 U.S.  DOLLARS IN BILLIONS

Net Sales 29.71

Net Earnings 6.40

R&D Investment 2.19 

Declared Cash Dividends per Share 1.72

OUR REGIONS
~160 
COUNTRIES

480+ 
LOCATIONS

65 
R&D FACILITIES 
WORLDWIDE

Americas

Europe, Middle East & Africa

Asia Pacific

Greater China



SIX TECHNOLOGIES POISED TO 
MEET FUTURE PATIENT NEEDS
COMBINATION PRODUCTS/DRUG DELIVERY    |    MATERIALS    |    
POWER & BATTERIES    |    SENSORS    |    MICROELECTRONICS    |     
PREDICTIVE MODELING    |



POWER
Medical devices have a unique set of power 
requirements.. They must pack a lot of power 
into very small spaces and then last years—
even decades. 

In addition, increased focus  on device lon-
gevity has pushed us toward rechargeable 
battery technology—deepening our focus on 
recharge. These changes keep battery and 
related innovations as one of our key focus 
areas.  

But power is also more than just battery tech-
nology. Power must be delivered to tissue, 
so electrode design is critical to the efficacy  
of the delivery. Thin film and flexible elec-
trodes allow for increased design capability and  
directional specificity. Our future is already 
driving toward reduced surgical invasiveness, 
where evolving knifeless surgical techniques 
are focused on the delivery of energy to  
specific locations without the need for tradi-
tional surgical entry points. So you can see that  
power innovation is possible at every step.

DRUG DELIVERY
While the medical device and pharma-
ceutical industries have had a close  
relationship over many years, 1987 was a 
turning point. Steroids were introduced 
to the tips of cardiac leads. This steroid 
helped mitigate the typical biological 
response to reduce fibrotic tissue en-
capsulation. The small dosage of steroid 
(< 1 μg) improved battery longevity by 
inhibiting cellular release of inflammatory 
mediators—including fibrotic tissue—
preventing the rise in pacing thresholds 
without systematic effects. Delivery of 
chemotherapy agents from coronary 
stents have proven effective in reducing 
restenosis, providing better long-term 
outcomes for patients. Antibiotic drugs 
placed on catheters and in surgical sites 
improve the outcomes of immune- 
compromised patients who are at high 
risk of infection after an invasive med-
ical procedure. For years drug pumps 
have delivered insulin and sub-systemic  
doses of drugs to effectively treat pain 
and spasticity. Drug pumps even allow a 
path for drug delivery across the blood-
brain barrier.  

Drug delivery is a critical component 
in the evolution of medical devices. In 
the beginning, medical devices were 
charged with extending life. Now, the 
invasiveness of the medical devices can 
be minimized so the body is allowed 
to heal to its more natural state. In the 
future, drugs will promote new tissue 
growth, possibly enabling full regener-
ation of biological tissue. Miniaturized 
drug-device combinations will enable 
targeted location-specific treatments 
without systemic effects.

SENSORS
Sensors help us know what is happening, 
whether in or on the body. They have been a  
critical design element since 1986 when we 
introduced the first commercially-released 
rate-responsive pacemaker that used an  
activity sensor. That early sensor helped  
adjust pacing rates when the patient exer-
cised. It was a mild revolution—another step 
toward patients forgetting their sickness.

Today’s sensors work across the care contin-
uum: They’re closing the loop in diabetes care 
management, cueing pumps to deliver insu-
lin based on sensed glucose levels. They are 
also detecting tachycardia and prompting the 
device to deliver life-saving energy. Sensors 
monitor tissue type during surgery to help  
physicians be more explicit about identifying 
cancer margins and to help surgeons under-
stand when critical nerves are near the cutting 
space. 

The job of the sensor will only grow. As sensor 
communication evolves, pushed by wireless 
connectivity to other onboard devices and 
to the outside world, medical devices them-
selves will expand into larger roles for patient 
management. Sensors working with artificial 
intelligence algorithms (data acquisition and 
processing) will further expand the patient 
management role of our medical devices—
which will help eliminate a significant burden 
from physicians while giving patients more 
control and improved outcomes. 

Tomorrow’s sensors will be critical for managing 
comorbidities, which today are often managed 
by the patient. Sensors will help us care for our 
aging population, a population which will soon 
outnumber the beds and healthcare workers 
available. Sensors and robots will be a key com-
ponent to helping seniors live independent-
ly longer, reducing the systemic care burden 
and improving quality of life. Evolving sensor 
technology will blur the line between physician  
and device. We’ll see cultural shifts in how we 
think about data ownership, pushing regulating 
bodies to rethink historical constraints. 

MICROELECTRONICS
Traditional medical devices rely on the ability  
of electricity to change the biological response. 
Microelectronics provide the algorithms and 
electrical impulses that serve as fundamental 
building blocks of medical device technology. By 
reducing size again and again while increasing 
computational capacity and optimizing power 
usage, microelectronics enable medical device 
technology both now and into the future.

Advancing microelectronics technologies en-
able new sensor capabilities, new therapies 
and new diagnostic capacities. These advanc-
es have also opened the path for extreme  
miniaturization, such as the Medtronic Micra,™ 
the world’s smallest pacemaker, which is 
designed to increase access to medical 
devices for many. 

Already today some medical devices are so 
small that they are injected under the skin by 
a medical assistant on an out-patient basis. In 
the future, interconnected and interoperable 
devices will be the norm.

PREDICTIVE MODELING
Predictive modeling is a necessary  
and required feature of a high-reliability  
industry like ours. Implanted medi-
cal devices are not easily serviceable.  
They must last for a decade (often far 
longer) in a complex and often changing 
environment.

As an example, consider the way a bio-
logical cardiac valve is affected by the 
movement of the heart. The ongoing 
regular opening and closing of valve 
components must be well understood 
and modeled long before any experi-
mentation and long before human use. 
As the valve ages, it must age predictably 
so physicians and patients can be ready 
for the next steps. Devices that provide 
electrical stimulation must also adhere 
to strictly stable patterns when supplying 
power. This is the science of predictive 
modeling.

Whether predicting the chemical sta-
bility of a material or predicting the 
changing mechanical load conditions as 
a disease progresses and with patient 
age, we want to expand our knowledge 
of the biological environments. These 
predictions and models must extend 
decades in time, keeping pace with  
the exponentially expanding device 
longevity requirements. 

MATERIALS
The inside of the human body is a harsh  
and unforgiving environment. That’s why 
engineers, scientists, and physicians scruti-
nize the materials used for medical devices 
with ever-increasing rigor. 

Synthetic and biological materials remain 
critical to how Medtronic has helped patients 
live fuller lives. Over time we’ve learned more 
about the complex interactions between the 
body and the synthetic materials we’ve used. 
Now longevity requirements for implanted 
medical devices are rapidly increasing (initially 
from three years to more than 30 years). The 
result is a need for new materials that meet 
the extended longevity along with the con-
tinued push for miniaturization.

Biologically-derived materials are increas-
ingly important for medical devices. We’ve 
long recognized the benefits of better 
body-device integration of our medical  
devices, especially since living tissue has 
the capacity to fully restore function to that 
of a non-diseased state. Since its introduc-
tion in 2002, Bone Morphogenetic Protein 
(BMP) has promoted the growth of bone in 
a patient’s body, improving fusion outcomes. 
Natural tissue valves, along with less invasive 
implant procedures, have become the stan-
dard of care over mechanical valves. Tissue 
patches derived from stem cells and grown 
in bioreactors or printed with additive man-
ufacturing technology may restore heart 
function in heart failure patients. Will living 
tissue engineered solutions be the next big 
disruptor of healthcare? 

These six technology  
stories hint at the close 
focus and wide-ranging 
support needed to enable  
novel medical therapies 
and diagnostics. 

EVERY TECHNOLOGY STRIDE 
HAS A STORY
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TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

COMBINATION 
PRODUCTS/DRUG 
DELIVERY

Devices that deliver drug 
therapy and/or are  
enhanced with drug 
therapy.

Evolving biologics already 
deliver multimodal thera-
pies with great effect.

Transition from drug-device 
combinations to biologic - 
drug-device combinations 
(including protein, RNA, 
stem cells, etc.). 

Technologies that address 
the design, development, 
supply and manufacturing 
challenges for combina-
tion systems.

MATERIALS Provide structure for  
diagnostics and thera-
pies inside and outside 
the body.    

Continued miniaturiza-
tion, longevity, and novel 
diagnostic and therapeu-
tic goals put stress on 
current materials. 

Predictable material 
longevity, dissolution, and 
regeneration in combina-
tion with novel materials.

Fabricated materials that 
provide platforms for 
significant advances in 
diagnostic and therapeutic 
opportunities.

POWER &  
BATTERIES

Optimized power sources 
for “on” and “in” the body.

Small-sized, power-dense 
sources provide diverse 
and dynamic therapies 
and diagnostics.

Reduce battery size while 
maximizing interconnec-
tions with fresh chemistry 
and material-science 
thinking.

Rechargeable or novel 
power sources for even 
more diverse therapies 
and diagnostics for   
improved outcomes.

SENSORS Convert a physical, biolog-
ical or chemical property 
or state into a detectable 
signal.

Going beyond devices 
to manage patients and 
disease states.

Identify and track complex 
disease states and their 
subordinate conditions for 
sensor use. 

Care teams using sensors 
to provide state of the art 
care in the patient’s home; 
autonomous, prescriptive 
care management.

MICRO- 
ELECTRONICS

Design and produce  
very small electronic  
components.

Surge in availability of 
lower power, implant-sized 
components allows for 
more combinations.

Explore partnerships be-
tween research and man-
ufacturing; improvements 
in longevity, computational 
capability, and connectivity.

Interconnected and 
interoperable devices are 
the norm.

PREDICTIVE 
MODELING

Using physics, use-condi-
tions, systems engineer-
ing, and statistics to sim-
ulate real-world problems 
and solutions.

Today’s technology 
convergences allow more 
robust simulation.

Framing outcomes around 
complex, real-world,  
questions. 

Predictive modeling that 
tracks real-world problems 
and informs potential 
solutions with prescrip-
tive analytics.

WHERE IS TECHNOLOGY GOING? 
HELP US TELL THIS STORY



ADDITIVE
MANUFACTURING

BEYOND 3D PRINTING 
Additive Manufacturing (AM) allows us to build a structure directly from a computer file by 
adding layer upon layer of a material. You might also know AM as “3D printing,” and is typically 
used to create prototypes, anatomical models, functional components, and simple machines.

WHY NOW?
Originally known as “rapid prototyping,” AM has today gone far beyond prototyping to 
fabrication of production parts for high-reliability applications. Advances in equipment, 
raw materials quality, and feature-size resolution in combination with in situ process 
monitoring, enables the creation of complex parts relevant for medical devices. In addi-
tion, reproducibility—long a weak spot for AM—is also now improved for the same reasons: 
the application of sophisticated imaging and analysis tools, including artificial intelligence. 

CREATING NEW EXPERTISE

Medtronic Tech Sheet1_AMfg.indd   1 9/25/18   11:45 AM
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SUB-TECHNOLOGIES

n  Anatomical Models
n  Bioprinting & Regenerative Applications
n  Characterization for Additive Manufacturing
n  Components & Devices
n  Design for Additive Manufacturing
n  Functional Components
n  New Material & Material Properties
n  Process for Additive Manufacturing
n  Prototypes via Additive Manufacturing
n  Tools & Fixtures for Production via AM

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

ADDITIVE  
MANUFACTURING

Layer-by-layer printing 
to create a part from a 
computer file.

Started as rapid pro-
totyping. Now gener-
ating production parts 
routinely.

Bridging wafer-scale 
technologies, conven-
tional manufacturing, 
and bioprinting.

Disruptive force for 
distributed manufac-
turing of personalized 
solutions. 

WHAT NEXT?
Given the sophistication and reproducibility of AM, anticipate more functionality to be integrated in to 
each system. Expect multi-material systems to be used in manufacturing, along with conventional manu-
facturing materials and electronic components. Look for cost reductions on high reliability parts as AM 
continues to increase in efficiency, moving from complex, multi-material objects to scaffolds, tissue-  
and organ-generation. Tissue-fabrication will move from layer-by-layer manufacturing to labor-intensive 
bench-top science, to efficient mass production with excellent reproducible quality and reliability. 
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TURNING DATA INTO ACTIONABLE INFORMATION 
Big data is a broad field encompassing the disciplines of information technology, data 
science, data privacy, visualization, analytics, and regulatory science. Big data technologies 
manage and analyze large amounts of data, much of which is generated quickly. An enduring 
goal of the field is to turn that data into actionable information. Other disciplines can use 
actionable information to make clinical and other informed and improved decisions. Data 
sources are typically:

• Completely unstructured

• Used for purposes beyond original intentions

• Combined with other data sources to answer critical questions that individual  
   data sources could not answer alone

WHY NOW?
More and more data becomes available every day, whether through propriety or public 
sources. One simple, rather ordinary example of using big data is the number of people 
watching Google search trends and making up-to-the-minute decisions based on those 
trends.

Alongside the deluge of data from varieties of sources, new computational tools have 
emerged in the last 10-15 years. These computational tools make it possible to ask even 
bigger questions and uncover answers that were previously unavailable.

BIG DATA &
ANALYTICS

CREATING NEW EXPERTISE
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WHAT NEXT?
With more devices capturing more data, and greater opportunity to combine data sources, the  
opportunities grow to locate and isolate disease progression, connect comorbidities, and fine-tune 
therapy. As we explore and use new data sources, expect personalized medicine to result from our 
broader understandings, along with the ability to identify new health-care opportunities. Collaboration 
that puts data analytics and data sources into conversation with clinical decision-making and artifi-
cial intelligence will have robust effects on future healthcare services. These effects include robust 
connectivity and data collection, which will integrate with the care teams, allowing healthcare to adjust 
to how physicians manage patients and will lead to improvement in how patients manage themselves 
and their health outcomes. 

SUB-TECHNOLOGIES

n  Data Analytics
n  Data Sources
n  Legal and Regulatory
n  Infrastructure
n  Artificial Intelligence (AI)/Machine Learning
n  Clinical Decision Making

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

BIG DATA &  
ANALYTICS

Driving disparate data 
into information and 
insight.

Informing patient  
care and disease  
management.

Growing connectiv-
ity, data farming, and 
preemptive disease 
management.

Capture ever-larger 
volumes of data for 
improved clinical  
decision-making and 
artificial intelligence.
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BIOMARKERS

LOCATING PROCESS INDICATORS 
A biomarker is a defined characteristic that can be effectively and objectively measured as an 
indicator of a biological process. That process can be an indicator of a normal or pathogenic 
status, or it can be a response to an exposure or intervention—including a therapeutic inter-
vention. Biomarkers generally fall into these categories:

 • Susceptibility/risk • Diagnostic • Monitoring • Prognostic

 • Predictive • Safety • Pharmacodynamic/response

WHY NOW?
Biomarkers can impact the entire patient care continuum—before, during, and after therapy. 
Each new biomarker has the potential to change the ways we deliver therapy.

One example hints at the economic effects of a biomarker: During a small-bowel resection, 
a leak can occasionally develop during the anastomosis. This leak can lead to infection. 
Unfortunately, the sensitivity of current techniques and practices make it hard to notice the 
infection for several days post-op, a delay that significantly changes the scope of treat-
ment and associated costs—sometimes costing more than $100,000 per patient. A bio-
marker that reveals an infection—one-day post-op—would allow for swifter, more effective 
treatment of the patient, potentially saving hundreds of thousands while improving patient 
care and outcomes.  

At these early stages of identifying biomarkers it is important we stay close to the underlying 
biology behind biomarker development, to ensure each biomarker is optimized for clinical utility.

CREATING NEW EXPERTISE
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SUB-TECHNOLOGIES

n  Biomarkers Analytical Tools
n  Biomarkers Science
n  Clinical Translation
n  Data Analytics

WHAT NEXT?
Biomarkers, applied broadly across many global populations, will have a huge impact on global 
health and healthcare costs. Biomarkers will also advance existing technologies, help innovate new 
therapies and diagnostics, and improve definition of patient groups.

As biomarker science advances, we expect the clinical translation of biomarkers into patient care 
to be streamlined by access to shared, collaborative registries and data repositories. Technological 
advances will accelerate the way biomarkers are discovered, measured, and used. In short, we expect 
that biomarkers will change many of the ways we currently look at therapies and diagnostics.

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

BIOMARKERS Objective measure of 
biological or pathogenic 
process.

Current biomarkers 
detect various disease 
states, from cardiovas-
cular disease to brain 
atrophy to oncology to 
monitoring kidney/liver 
function during a phar-
macological therapy. 

Discovery and valida-
tion of biomarkers for 
clinical utility, reliability, 
and for personalization 
of therapy by appropri-
ate identification with a 
patient group. 

Personalization of 
medicine with better 
diagnosis and therapy, 
autonomous health-
care and healthcare 
delivery outside tradi-
tional settings.
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PREDICTIVE
MODELING

PROJECTING DEVICE PERFORMANCE 
Making a mathematical representation of a medical device helps predict performance of 
that device. These models are often based on physics, and allow engineers and scientists to 
include device features and typical operating-parameters to execute those models.

Predictive modeling combines physics, statistics, use-conditions   and systems engineering. 
The combined model allows engineers and scientists to include known elements (deter-
ministic) and to ask what could happen (probabilistic). Predictive models are used to support 
product development as well as to predict performance of the device and outcomes with 
the patient. Combined models allow for richer, outcomes-based questions that pursue the 
complexities of the patient’s experience, rather than just supplying device data.

WHY NOW?
The convergence of today’s technologies make this a promising moment for predictive 
modeling. Sensors, accelerometers, pressure monitors, communication technology for 
transmitting data—all these and many other technologies work better, faster and are more 
capable than ever. Along with better technologies, today’s robust processing and predictive 
tools turn data into useful actionable information very quickly. The result of this conver-
gence is a growing ability to anticipate outcomes for devices and patients.

CREATING NEW EXPERTISE
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SUB-TECHNOLOGIES

n  Empirical Modeling
n  Evidence Integration
n  Modeling Infrastructure
n  Physics & Physiological Modeling
n  Verification & Validation

WHAT NEXT?
Complex, real-world questions about patients and their devices will be the focus of predictive 
modeling. Outcomes, and the relationships that support them, will be brought into the models 
so the larger caregiving ecosystem is taken into account for care solutions. These additional data 
points will allow predictive modeling to amass better data to make better correlations and improve 
healthcare pathways. 

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

PREDICTIVE 
MODELING

Using physics, use-con-
ditions, systems engi-
neering, and  statistics 
to simulate real-world 
problems and solutions.

Today’s technology 
convergences allow 
more robust simulation.

Framing outcomes 
around complex,  
real-world  
questions. 

Predictive modeling 
that tracks real-world 
problems and informs 
potential solutions.
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TISSUE REGENERATION /
REPLACEMENT

CREATING NEW EXPERTISE

CONSTRUCTING TISSUE REPLACEMENTS 
Tissue regeneration/replacement technology (or Regenerative Medicine) combines bio-
medical engineering with recent breakthroughs in biotechnology, molecular/cellular biology, 
additive manufacturing and materials. Tissue regeneration and replacement technology 
aims to design, manufacture, and repair or replace diseased and/or dysfunctional tissue 
with engineered tissues and tissue-device constructs. These engineered tissues and con-
structs can replace native tissue potentially correcting an underlying issue and improve outcomes.

WHY NOW?
The next generation of engineered tissue already demonstrates superb results in clinical and 
human trials. For example, bioresorbable materials used in tissue heart valves show patterns of 
controlled growth, with endothelial cells (cells lining blood vessels) placed on the valve growing 
into the desired site. 

Increasingly reliable, reproducible, and safe bioscience techniques reveal exciting po-
tential. We see engineered and constructed tissue advancing much further with ongoing 
focused explorations with our partners in biotechnology, molecular, and cellular biology,  
manufacturing technology, distribution capabilities and regulatory science. 
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TISSUE REGENERATION OR 
REPLACEMENT FOR THE:

n  Heart
n  Lungs
n  Kidneys
n  Pancreas
n  Nerves
n  Bone

WHAT NEXT?
As researchers and medical engineering partners realize the multifactorial nature of the questions 
and technologies, expect devices that are more biologically compatible. Devices that are more, well, 
natural. For instance, engineered islet cell clusters or biological pacemakers are no longer the realm 
of science fiction. Perhaps this path of regenerative medicine will lead to engineered or construct-
ed tissue that is hard to differentiate from native tissue, and effectively interprets or replaces native 
tissue seamlessly allowing significant changes in healthcare pathways for physicians and patients.

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

TISSUE  
REGENERATION/ 
REPLACEMENT

Design, manufacture, 
and repair or replace 
diseased tissue with 
bioengineered  
constructs.

Next generation cell 
production show good 
results with controlled 
growth.

Advances in biotech-
nology, molecular/cel-
lular biology, regulatory 
science, manufacturing 
technology, and distri-
bution channels. 

Engineered or con-
structed tissue so 
biologically compatible 
that they seem natural.
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COMBINATION PRODUCTS/
DRUG DELIVERY

LINKING THERAPIES FOR CHRONIC USE 
Current Medtronic therapies already combine devices with active pharmaceutical agents 
for unique therapeutic synergies. Some combinations hold drug delivery as the primary 
goal, while others use drug delivery to enable the performance of devices that would 
otherwise be difficult to use. Medtronic combination therapies are typically for chronic 
use, such as applying steroid to a cardiac pacing lead electrode to reduce and stabilize its 
pacing threshold, or the use of intrathecal pumps for site-specific drug delivery, or insulin 
pump therapy to precisely dose insulin to closely match your body’s needs.

WHY NOW?
Over the years, a variety of medical devices and pharmaceutical products have been  
developed to provide significant treatment to patients. These medical devices and  
pharmaceutical products have proven effective and their development eventually reached 
maturity. Introducing new, cost-effective therapies for patients—especially therapies that 
reach broader societal-level pathologies—involves moving beyond these mature stages 
to further combinations of device and pharmaceutical components.

For instance: today we understand better how the delivery of a drug can influence the efficacy 
of the drug. This means that once-promising drug concepts that never made it to market may 
be reconsidered in light of new delivery options for location-specific targeted delivery without 
systemic side effects. 

DEEPENING CORE COMPETENCY
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WHAT NEXT?
Combination devices will help to solve challenging medical problems and provide insight into vexing 
societal-level problems. For example, research focused on Alzheimer’s and Parkinson’s Diseases is 
of keen interest as our population ages. New drug concepts for these and other neurological diseas-
es have not been able to cross the blood-brain barrier. But a combination drug/device solution may 
provide a more apt delivery system. To get to these new solutions, we must resolve the intricacies 
of combining technology, manufacturing, and regulatory constraints. We find ourselves working to 
answer questions like:

• How can we effectively enlist drugs and devices to work together?
• How can we meet regulatory requirements for both sets of components?
• How can we simplify the manufacturing and testing processes?

SUB-TECHNOLOGIES

n  Active Pharmaceutical Ingredients (API)
n  Diagnosis, Monitoring, Closed-loop Systems 
n  Manufacturing Technologies
n  Novel Delivery Methods
n  Pump Delivery Technologies
n  Regulatory and Quality
n  Surface Delivery Technologies

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

COMBINATION 
PRODUCTS/DRUG 
DELIVERY

Devices that deliver 
drug therapy and/or  
are enhanced with  
drug therapy.

Evolving biologics 
already deliver multi-
modal therapies with 
great effect.

Transition from 
drug-device  
combinations to 
biologic-drug-device 
combinations (includ-
ing protein, RNA, stem 
cells, etc.).

Technologies that 
address the design, 
development, supply, 
and manufacturing 
challenges for  
combination systems.
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COMMUNICATION 
PLATFORMS

DATA THAT TRANSFORMS DAILY LIFE
Wireless and radio-frequency identification (RFID) technology both leverage electro- 
magnetics to enable communication, power transfer, or ease-of-use without traditional 
wired connections. Data transfers and synchronized devices using wireless technology 
have transformed our daily lives and will continue to change the ways we interact with 
each other and with medical therapies and diagnostics.

WHY NOW?
Wireless technology and wireless capabilities already permeate nearly every aspect of 
life. Given the ubiquity of cell phones and growing adoption of smart devices, there is a 
corresponding increase in the production of smart, low-energy technology, some  
of which fits within medical device categories. Until very recently, medical device interests 
were not well-represented in mass-produced technology. This overlap of medical device 
need and consumer product availability has created the conditions and attitudes that 
allow us to explore these technologies for diagnostic and therapeutic purposes. 

DEEPENING CORE COMPETENCY
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SUB-TECHNOLOGIES

n  Wireless Communication
n  Wireless Recharge
n  Wireless RFID

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

COMMUNICATION 
PLATFORMS

Electromagnetics to 
enable and ease com-
munication and power 
transfer.

Wireless technology 
enables nearly every 
facet of life today.

Research in deepened 
connectivity, data 
transfer, and wireless 
recharging. 

Smarter connectivity, 
diverse placement, 
intrabody and exter-
nal communications, 
and uses with wireless 
recharging.

WHAT NEXT?
High power devices or therapies will become viable for wireless recharge. Devices will  
continue to shrink in size while maintaining the power necessary for smart connectivity to the  
external world. In fact, RFID applications mean smarter devices that automatically inventory  
themselves. Wireless recharging will allow even smaller devices, which will broaden therapy  
possibilities through more diverse placement in the body. These smaller devices will include robust 
connectivity, data collection, intrabody, external communications, which will integrate with the care 
teams, allowing healthcare to adjust to how physicians manage patients and will lead to growth in how 
patients manage themselves. 
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DATA COLLECTION 
& MANAGEMENT

NETWORKED DATA COLLECTION FOR HOLISTIC CARE
Medtronic devices monitor health or deliver therapy for a variety of disease states. Many 
of these implanted or wearable devices collect very specific data. This data is used by 
Medtronic systems designed to support the patient and the therapy delivery. But what  
if that data were analyzed with adjacent or concomitant Medtronic systems? What if a  
network of systems could work together holistically to assess health and administer care?

Data Collection & Management recognizes that streams of data flow through the therapy 
business units in a company as large as Medtronic. Data Collection & Management is about 
helping that data talk, and aggregating and interpreting that data, to gain information and 
insights about larger health trends, changing disease states, and comorbidities.

WHY NOW?
Larger and different flows of data offer an opportunity to leverage information across 
many divisions and groups to identify larger integrated trends—to improve the efficiency 
of healthcare delivery and improve outcomes. This is an opportunity to see our patients 
much more holistically to manage their comorbidities by pulling together the disparate 
diagnostics and therapies we deliver to patients—especially as we continue to design 
smarter tools. In particular we see four areas that will generate insights from this mindful 
approach to holistic care:

• Generating insights by looking at broader data and trends—how to manage
comorbidities and the whole patient?

• Patient engagement—how do patients interact with devices?

• Care practice excellence—how do clinicians interact with devices?

• Population health—how can larger populations benefit?

DEEPENING CORE COMPETENCY
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SUB-TECHNOLOGIES

n  Care Practice Excellence
n  Generating Insights from Data
n  New Business Models
n  Patient Engagement
n  Population Health

WHAT NEXT?
New tools with advanced computing capabilities will help clinics and physicians complete their  
transition from volume-based care to outcomes-based care. Next-generation systems will integrate 
data from multiple sources—including patient-use data from personalized therapy apps,  implanted 
and wearable devices, passive data, and social media data—to enable data analysis tools like  
augmented intelligence, clinical decision insights, virtual care, and workflow automaticity. Future data 
collection and management technologies will enable new success metrics for improved patient 
outcomes, overall quality, and cost of clinical care.

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

DATA  
COLLECTION & 
MANAGEMENT

Caregivers connected 
with care delivery for 
efficiency.

Insights shared 
between connected 
caregivers and the 
patient already shown 
as transformative 
experiences. 

Insights from data 
connect with patient 
engagement and 
population health to 
stimulate care practice 
excellence. 

New connectivity tools 
and expectations will 
help transform from 
volume-based care to 
value-based care.
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ULTRASOUND 

THERAPEUTIC USES OF ULTRASOUND
Ultrasound refers to sound waves with frequencies ranging from 20 kHz to several GHz—
frequencies higher than humans can hear. Biomedical applications for ultrasound include 
therapeutic uses such as imaging, heating tissue for the treatment of cancer and benign 
diseases, creating cavitation bubbles to break up hard tissues and deposits, stimulating 
excitable tissues, or temporarily open the blood-brain barrier.

WHY NOW?
Miniaturization of technology continues across all sectors, from microprocessors and 
memory to scanning and imagery. The resulting smaller sizes often include increased 
computing power at reduced cost—which has moved portability from possibility to reality.

Miniaturization and portability—core pursuits for Medtronic since our founding in 1949—
continue to open access for many clinicians and many more patients. Portable ultrasound 
scanning technology in the hands of primary care physicians, for instance, may lead to wide 
and positive health care changes. 

DEEPENING CORE COMPETENCY
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SUB-TECHNOLOGIES

n  Communication
n  Diagnostics
n  Electronics
n  Energy Transfer
n  Manufacturing
n  Signal Processing
n  Therapeutics
n  Transducers

WHAT NEXT?
Smaller, portable scanning tools will alter the face and use of ultrasound. Expect new applications 
that go well beyond imaging. For instance, delivering energy for novel therapeutic uses, enhancing 
images and interpretations with artificial intelligence (AI), and big data for wider use in physicians’ 
offices. Expect increased connectivity to loop in the entire care team and even the patient.

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

ULTRASOUND High-frequency sound 
waves applied to diag-
nostic and therapeutic 
purposes.

Miniaturization has 
allowed increased  
Ultrasound portability.

Profound miniatur-
ization with AI and 
location-specific  
delivery of diagnostic 
and surgical tools as 
well as implantables.

Connected ultrasound 
tools enhance images 
with AI in physicians’ 
office and provide  
platform for novel  
therapeutics.
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REVISITING VISUALIZATION
Imaging includes visualizing body parts in clinical diagnosis, treatment, and disease monitoring: 
Tissue. Organs. Bone structures. Imaging techniques encompass the fields of radiology, 
nuclear medicine, and optical imaging and image-guided intervention.

WHY NOW?
Improvements in imaging capabilities, computational speed/sizes, and the tools of Artificial 
Intelligence (AI) and Deep Learning are changing the way we look at imaging. Applying these 
tools, we begin to see how diagnosis and monitoring are only the beginning of what imaging 
can do. Data screening, image processing, and data management are beginning to provide 
much richer sources of information, even revealing otherwise hidden information, to aid 
diagnosis and treatment. 

MEDICAL IMAGING
& VISUALIZATION

DEEPENING CORE COMPETENCY
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WHAT NEXT?
New ways of seeing imaging will open routes toward patient-specific treatment and significantly 
better response rates. Imaging augmented with varieties of metadata will provide a clearer,  
more differentiated picture of each patient along with a sharper protocol for next treatment 
steps—customized for that particular patient. In addition, predictive algorithms and  
Virtual Reality/Augmented Reality surgery (and other treatments) will continue to provide richer 
sources of data before and during treatment to inform caregivers. Best practices will include  
personalized medicine that takes each patient’s anatomy and disease state into account rather 
than assuming typical progress. Advances in real-time image analysis will enable autonomous  
robotic surgery and novel therapeutic interventions.

SUB-TECHNOLOGIES

n  3D Printing
n  Data Management
n  Diagnosis/Screening
n   Image Processing
n   Imaging as Therapy
n   Procedure/Delivery
n  Visualization

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

MEDICAL IMAGING 
& VISUALIZATION

Visualize body struc-
tures for diagnosis and 
treatment.

Imaging techniques 
used across many 
branches of medicine. 

Collecting metadata 
to prepare VR/AR and 
augment imaging; 
computational speeds 
for real-time image 
analysis.

Personalized medicine 
for each patient from 
image processing, data 
screening, and big data, 
enabling autonomous 
robotic surgery and 
novel therapeutics.
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LISTENING IN ON THE DIALOGUE BETWEEN SENSORS
A sensor converts a physical, biological, or chemical property or state into a detectable signal. 
Some sensors convert mechanical properties like pressure, strain, vibration, or displacement 
into an electrical signal—a typical detectable signal. Other sensors may convert electrical 
properties (for instance, voltage or impedance), optical properties (such as absorption, reflec-
tion, or fluorescence), fluidic (flow or viscosity), thermal, and magnetic properties into signals.

WHY NOW?
Many have searched for one sensor that could do everything. We have expanded that 
search. In our bodies, we have different natural “sensors.” One natural sensor may pull 
us one way while another pulls a different direction. It is the dialogue between those 
two directional pulls that help us locate the best path. In the same way, we now see the 
dialogue between disparate technological sensors, when taken together, provides new and 
important information for patient care. 

We have long used sensors for three purposes:  monitoring and managing device performance, 
monitoring and managing therapies and diagnostics, and monitoring and managing a patient’s 
response to therapy and their changing therapy needs. But recent developments help us see 
sensors as critical tools in improving the management of patients and disease states: 

Electronics are getting better, smarter, and smaller. Smaller to the point where a pair of 
sensors as big as matchsticks could provide data collection for chronic diseases like heart 
failure or lung disease.

Communication and data processing and deep learning open a path forward. Data 
from older sensors required careful, time-consuming processing of masses of data. Today’s 
robust electronics and smaller sensors, when combined with artificial intelligence/machine 
learning/deep learning, can process data from hundreds of sensor inputs into useful infor-
mation. In this way, for example, deep learning uses our current knowledge about the best 
way to look at those inputs and then keeps adding more information. 

SENSORS 
DEEPENING CORE COMPETENCY
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SUB-TECHNOLOGIES

n  Invasive/Non-invasive
n  Chronic/Acute
n  Diagnostics/Continuum of Care

WHAT NEXT?
More data from an increasing number of sensors will translate into treatment information  
about larger, more complex disease states. Sensors will help care teams manage patients in their 
home—but with the medical rigor of a hospital. Multiple sensors will gather data on comorbidities 
and then produce and communicate information to the right members of a care ecosystem. The 
medical care team will manage treatment and prescriptions as necessary in real time. Caregivers 
at home may use the information to change care patterns, and patients themselves may respond 
to information with lifestyle changes. Recent studies show clearly that care is much more effective 
when patients take an active role. Further advance in these technologies will enable more sen-
sor-enabled, closed-loop systems—similar to autopilot or autonomous-drive cars—to significantly 
improve patients outcomes and reduce variation in delivery of care.

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

SENSORS Convert a physical, 
biological or chemical 
property or state into a 
detectable signal.

Going beyond devices 
to manage patients and 
disease states.

Identify and track 
complex disease states 
and their subordinate 
conditions for multiple 
sensor use.  

Care teams using  
sensors to provide 
state of the art care in 
the patient’s home;  
autonomous, prescrip-
tive care management.
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INNOVATIVE MATERIALS FOR EXPANDING REQUIREMENTS
Every medical device is made of something. All sorts of materials are used to create the 
devices that provide therapies and diagnostic tools to patients: metals, polymers, ceramics, 
composites, and coatings. Testing, supplying, and shaping the materials used inside and 
outside the body are of foundational importance to us. 

WHY NOW?
Expectations for device longevity keep increasing even as miniaturization compresses device 
volume and size. The push for both longevity and miniaturization has taxed available materials 
to their design limits. New applications, such as those in the sensors and wearables space, 
expand the set of material requirements, linking new use-conditions to material properties.

Innovative new materials point toward applications that look more like regenerative 
medicine than our traditional chronic treatment. For instance, additive manufacturing 
using mixed materials, bioerodable materials, and printed scaffolds that encourage tissue 
generation, all raise new questions and fresh possibilities.

MATERIALS
EXPANDING FIRST-IN-CLASS CAPABILITY
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SUB-TECHNOLOGIES

n  Availability & Sourcing
n  Materials Processing
n  New Materials
n  Performance Prediction

WHAT NEXT?
Improved diagnostics and therapeutics that demand devices heal, rather than chronically treat or 
palliate disease states, will require new classes of materials—smart scaffolds that guide cells to 
make the right kind of tissue, biodegrade appropriately as replaced by native tissue, improve on 
erodable novel sensor, therapy or diagnostic capabilities  allow further miniaturization, targeted site 
placement, improved tissue interface interactions. Additive manufacturing of complex geometries 
in metals, plastics, and ceramics offers the promise of reduced cost and increased customization. 
Internet-connected sensors that enable automated disease diagnosis and treatment need  
materials optimized for their unique use-conditions. Plus, materials can be durable longer, given the 
demands of longer device service.

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

MATERIALS Provide structure for  
diagnostics and thera-
pies inside and outside 
the body. 

Continued miniatur-
ization, longevity, and 
novel diagnostic and 
therapeutic goals put 
stress on current  
materials.

Predictable material 
longevity, dissolution, 
and regeneration in 
combination with novel 
materials.

Fabricated materials 
that provide platforms 
for significant advances 
in diagnostic and thera-
peutic opportunities.
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SIZED AND POWERED FOR MEDICAL DEVICES 
Microelectronics includes the study, design, and manufacture of very small electronic 
designs and components. These manufactured devices are typically made from semicon-
ductor materials, which Medtronic chooses, processes, packages, and interconnects with 
other technologies based on performance, power, size, and cost. Microelectronics are a 
fundamental building block and enabler of medical device technology.

WHY NOW?
“Lower power!” has not been a typical rallying cry for the microelectronics industry. Much of 
that industry spent decades making technology trade-offs toward speed at the expense of 
power. In contrast, during the same time, Medtronic sought to make devices that could do 
more, for longer, with less size—in response to the constraints of an implanted battery. 

Today’s explosion of lower power, smaller-volume components coincides with vigorous  
interest in supplying parts and power for wearables and smart-phones and smaller,  
battery-powered applications. This recent turning point in microelectronic trends has opened 
new partnership possibilities with many manufacturers and researchers who now operate 
within the power- and size-scale Medtronic uses. The trend has also coincided with advances 
in computational speed and capabilities, and expectations for increased connectivity.

MICROELECTRONICS
EXPANDING FIRST-IN-CLASS CAPABILITY
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SUB-TECHNOLOGIES

n  Applications
n  Building Blocks
n  Enablers
n  Reliability

WHAT NEXT?
Longevity, computational capability, and connectivity become  increasingly important for diagnostic 
and therapeutic applications. Interconnected and interoperable devices will be the norm, but that 
norm will continue to challenge power requirements. Clever electronics, algorithms, and packaging 
will help us realize those interconnected expectations. 

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

MICRO- 
ELECTRONICS

Design and produce 
very small electronic 
components.

Surge in availability 
of lower power, im-
plant-sized compo-
nents allows for more 
combinations.

Explore partnerships 
between research  
and manufacturing; 
improvements in  
longevity, computa-
tional capability, and 
connectivity.

Interconnected and 
interoperable devices 
are the norm.
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NEW POWER APPLICATIONS HELP SOLVE OLD PROBLEMS 
Active medical devices require an energy source to power the therapy or diagnostic 
 application. Medical devices “in the body” have different power requirements compared 
those “on the body” or “for the body.” Batteries in the body are lithium metal cells 
 (non-rechargeable) or, lithium-ion cells (rechargeable). These cells have been designed 
and produced to maximize the energy density or power capability of the power source in 
each implanted device, such as pulse generators and cardioverter defibrillators. 

WHY NOW?
Our expanding product portfolio now includes products “on” and “in” the body, which 
opens new sets of questions. Our new questions have also caused us to seek new ways to 
address old problems.

One vexing old problem is power: how to obtain the power density our devices need 
to provide patient diagnostic or therapeutic effect while still retaining longevity and 
the small size required for an implant. New applications of chemistry and material 
science have begun to hint at answers that may alter form-factors while still meeting 
these demanding criteria.

POWER &
BATTERIES

EXPANDING FIRST-IN-CLASS CAPABILITY
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SUB-TECHNOLOGIES

n  Alternative Energy
n  New Materials
n  Packaging Processing
n  Performance Prediction

WHAT NEXT?
Implantable devices (“in” the body) will become smaller, last longer and still maintain power needs. 
But products that are “in” the body and those “on” the body, will inform the entire portfolio of medical 
devices. For instance, “on” the body products have directed us toward thin, flexible, inexpensive and 
disposable external heart monitors that use polymer-based power systems, which, in turn, opens new 
thinking about power especially for devices “in” the body. We’re also interested in power sources that 
can withstand temperatures inside an autoclave. Combinations of existing and new technologies will 
help us find new ways through the design parameters for implantable products while also informing 
products “on” and “in” the body.

TECHNOLOGY DEFINED TODAY OPPORTUNITIES FUTURE

POWER &  
BATTERIES

Optimized power 
sources for “on” and  
“in” the body.

Small-sized, pow-
er-dense sources 
provide diverse and 
dynamic therapies and 
diagnostics.

Reduce battery size 
while maximizing inter-
connections with fresh 
chemistry and material- 
science thinking.

Rechargeable and novel 
power sources for even 
more diverse therapies 
and diagnostics for  
improved outcomes.
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WE’RE PREPARING 
FOR A FUTURE
UNLIKE TODAY.
Medtronic Technology Scouting 
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TOWARD A COMPREHENSIVE 
TECHNOLOGY STRATEGY
Developing breakthrough technology is a vital part of our 
Mission to “alleviate pain, restore health, and extend life.”  
Our technology strategy helps contribute to human 
welfare and supports that mission by:

• Expanding	first-in-class	capabilities	in	power	&		
batteries, materials, and microelectronics

• Deepening core competencies: medical imaging 
and visualization, data collection and management,
communication platforms, ultrasound, combination
products/drug delivery, and sensors

• Creating new expertise: additive manufacturing, bio-
markers, big data and analytics, predictive modeling, 
and tissue regeneration/replacement

• Investigating	 and	 developing	 other	 high-potential
technologies to meet unmet needs of patients,
healthcare providers and their systems
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