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Figure 4

Source: 2017 HIMSS Analytics Survey of Health IT Professionals

Notes: Only about 5% of respondents said their healthcare 
organization is currently using AI, but about 35% plan to leverage AI 
within 2 years and more than 50% plan to do so within 5 years. 
Top barriers to adoption noted by respondents: Technology is Still 
Developing and Unproven Business Case.
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Executive Interview
Johnson & Johnson in  
Medtech: An Interview  
with CEO Alex Gorsky
Over the past half-decade, no life science 
company has achieved the growth in share-
holder value that Johnson & Johnson has. 
Much of that, however, has come from a 
reinvigorated pharmaceutical business. As 
change and headwinds confront the medical 
device industry, J&J CEO Alex Gorsky talks 
about J&J’s medtech businesses and where 
they fit in the company’s portfolio.

David Cassak, 6

Outside Opinion
Why Big Companies  
Can’t Innovate
With their enormous resources and R&D 
spend, multinational medtech companies 
should be able to do amazing innovation, 
but too often they’re not. Here’s why they 
aren’t and what they can do to change that.         

Stan Rowe, 16

Advanced Tech:  
A Corporate Incubator   

David Cassak, 22

Technologies to Watch  
in 2018
In Part 1 of this year’s Technologies to 
Watch compilation, we include, in the 
cardiovascular space, transcatheter heart 
valves; the progress of TAVR in expand-
ing into lower-risk groups of patients, 
and advances in mitral and tricuspid 
valve development. We examine spinal 
cord stimulation for chronic pain, and 
how the opioid crisis is drawing attention 
to advances made in this field in the past 
five years. In diagnostics, liquid biopsy is 
helping to drive precision medicine, par-
ticularly for cancers found in locations 
that are difficult to reach by traditional 
biopsy. The ophthalmic market is a bit of 
a mixed bag, but minimally invasive glau-
coma surgery is moving forward. Finally, 
we discuss how the long arm of artificial 
intelligence is reaching into the medical 
device industry and generally across the 
delivery of medicine. 

                            MedTech Strategist’s 
Editorial Team, 30

START-UPS TO WATCH

Obstetrics 

Raydiant Oximetry:  
Provides Crucial Comfort  
for New Mothers
After 50 years with limited advancements in 
monitoring for fetal well-being during labor, 
Raydiant Oximetry is developing a safe, non-
invasive, completely external sensor that 
reports fetal blood oxygen levels. The infor-
mation will provide clinicians the means to 
improve our understanding about how the 
fetus tolerates labor, and better inform deci-
sion-making for cesarean delivery.

Colin Miller, 54

Diagnostic Imaging

Infervision: Applying Deep-
Learning AI to Imaging Scans  
to Improve Disease Detection
Chinese start-up Infervision is applying 
its deep-learning neural network technol-
ogy to a variety of challenges in diagnostic 
imaging. The goals: to relieve radiologists 
of tedious tasks, improve efficiency, and 
reduce missed diagnoses.

Mary Thompson, 56

Clinical Diagnostics 

Numares Health: Using Physics 
and Algorithms to Transform 
Clinical Diagnostics
Metabolomics, the study of complex 
relationships of metabolites within physi-
ological systems, defies clinical diagnostic 
analysis by traditional tools, but a combi-
nation of nuclear magnetic resonance and 
machine learning is up to the challenge.  

Wendy Diller, 58

Lung Cancer 

ProLung: Risk Stratification  
Test for Lung Cancer
Patients with lung cancer are not well 
served by the current diagnostic model, 
which often puts them through months or 
years of anxious “watchful waiting” in the 
form of repeated imaging and diagnostic 
exams. ProLung hopes to change this para-
digm with a front-end predictive analytic 
that’s adjunctive to the first low-dose com-
puted tomography screen.

Mary Stuart, 60
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Read more and register today for MedTech Strategist Innovation Summit DUBLIN 2018, Apr. 17-19
www.innovationinmedtech.com/conference

MEDTECH STRATEGIST INNOVATION SUMMIT DUBLIN 2018
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“Clinicians – Engines of Medical Device Innovation and Commercialisation”

RCSI

For the device industry, the opioid 
epidemic is a compelling reason for 
clinicians and patients to consider 
neurostimulation devices that are 
already FDA-cleared and on the 
market.
Opioid Crisis Reframes Device Market 
for the Treatment of Pain, page 41  

“Most projects don’t fail because 
the technology doesn’t work; they 
fail because we didn’t understand 
the customer requirements, didn’t 
understand the distribution, didn’t 
understand competition, didn’t 
understand the payors and referral 
patterns—all of those extrinsic fac-
tors. If you don’t have early-stage 
marketing integrated into your 
teams, you’re flying blind, and you 
can’t leave early-stage marketing to 
a bunch of engineers.” (Stan Rowe, 
CSO, Edwards Lifesciences)
Why Big Companies Can’t Innovate, 
page 16

Tech companies see analytics 
and informatics as a way into the 
healthcare market—a multibillion-
dollar opportunity that has until 
now largely eluded them—and 
many have already established 
partnerships and investments in 
this area. 
AI in Healthcare: Applying Sophisti-
cated Analytics to Solve Healthcare’s 
Biggest Challenges, page 31

“We’ve got to accelerate some 
of our next-generation innova-
tion. We are expecting more than 
16 launches this year, and have 
increased penetration and contri-
butions from recent tuck-in deals 
we’ve completed each of which 
provided either a new capacity 
or filled a key portfolio gap.” (Alex 
Gorsky, CEO J&J)
Johnson & Johnson in Medtech:  
An Interview with CEO Alex Gorsky, 
page 6

Numares has developed proprietary 
software that it calls Magnetic Group 
Signaling, which enables the NMR to 
calculate metabolic concentrations 
in body fluids in a way that is clinically 
useful. This level of automation sim-
plifies operation of the instrument so 
that it does not require handling by a 
highly trained specialist.
Numares Health: Using Physics and  
Algorithms to Transform Clinical  
Diagnostics, page 58

Lung biopsy provides the most defini-
tive diagnosis of lung cancer, but be-
cause that procedure is invasive and 
has an almost 6% rate of major com-
plications (among an overall complica-
tion rate of 38%) it is postponed until 
there is a high degree of certainty that 
a patient does, in fact, have cancer, to 
minimize futile and risky biopsies or 
surgical interventions.
ProLung: Risk Stratification Test for  
Lung Cancer, page 60  

Of Note 
In this issue of MedTech Strategist 

http://www.innovationinmedtech.com/conference
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Over the past five years, only six 
companies have increased sharehold-
er value by $175 billion or more. Five 
of them are obvious: tech giants Am-
azon, Google, Facebook, Microsoft, 
and industry’s leading value investor, 
Berkshire Hathaway. The sixth com-
pany? Johnson & Johnson. 

Although the seeds of J&J’s recent 
success were planted years ago, it is 
no coincidence that for the past five 
and a half years, J&J’s Chairman and 
CEO has been Alex Gorsky. Gorsky, 
who once ran all of J&J’s medical de-
vice business, started at the company 

as a pharmaceutical detail rep in Cali-
fornia before making his way up the 
corporate ladder, with a brief stop 
at Novartis along the way. Today, he 
oversees a vast portfolio that includes 
world-famous products and brands 
in pharmaceuticals, medical devices, 
and consumer products. 

It wasn’t that long ago that medical 
devices made up the largest of J&J’s 
three core businesses. Over the past 
couple of years, however, a resurgent 
pharma pipeline and some struggles 
in the corporation’s medtech lines 
have pushed pharma ahead of medi-

cal devices, raising questions not just 
about where J&J sees its different 
medtech franchises heading and the 
industry dynamics that will shape 
those franchises, but also about how 
much medtech contributes to John-
son & Johnson’s soaring shareholder 
value. In the following two-part in-
terview, conducted both at J&J head-
quarters in New Brunswick, NJ, and 
from the stage at last fall’s Phoenix 
Medical Device CEO conference, Gor-
sky talks about J&J’s medtech busi-
ness and where it fits in the compa-
ny’s overall portfolio.

Over the past half-decade, no life science company has 
achieved the growth in shareholder value that Johnson 
& Johnson has. Much of that, however, has come from a 
reinvigorated pharmaceutical business. As change and 
headwinds confront the medical device industry, J&J CEO 
Alex Gorsky talks about J&J’s medtech businesses and 
where they fit in the company’s portfolio.

Johnson & Johnson  
     in Medtech:

by 
DAVID CASSAK

EXECUTIVE INTERVIEW

MedTech Strategist (MTS): Before we get into some of the broader issues surrounding 
what Johnson & Johnson is doing in medical devices, late last fall you had the official 
opening of the Center for Device Innovation (CDI) in Houston, a new initiative located on  
the campus of the Texas Medical Center. Can you tell us what this center is all about and 
what role you see it playing in Johnson & Johnson’s innovation efforts?

Alex Gorsky: The CDI is really part of a much bigger strategy around innovation. 
After all, at the end of the day, that’s what our business is about: innovation and how it 
improves the lives of patients. If we’re not innovating with technology and with science, 

  An Interview with CEO Alex Gorsky 

ALEX GORSKY

http://innovationinmedtech.com/about-us/founders/
mailto:d.cassak%40medtechinno.com?subject=
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Johnson & Johnson  
     in Medtech:

if we’re not constantly innovating, we’re not earning 
the right to serve patients, customers and consumers. 
Last year, we invested more than $10.5 billion in R&D, 
and the key is to make sure that we’re being not only 
as innovative as possible but as productive, effective, 
and efficient as possible as well. In my 30 years in this 
industry, when I think about how innovation is done 
today compared to the way it was done when I started, 
it’s changed dramatically.

MTS: In terms of your priorities, where do innovation 
and R&D investment in medtech compare to the same in 
biopharma? There’s a perception that J&J’s innovation 
initiatives are primarily built around pharma and then 
introduced to medtech afterwards.

Gorsky: It’s an interesting question because in many 
ways it’s gone full circle. Many of the things that we’re 
doing with our innovation centers were, in fact, the way 
several of our medical device businesses were built in 
the ‘90s. For many years, our pharma group was much 
more insular in terms of discovery and development 
and internal sourcing. I’ll never forget the first time I 
went to Belgium [home of Janssen Pharmaceuticals] 
soon after I first joined the company. It was the early 
‘90s and if you went to the back end of our campus, 
there was a building where there were around 12 sci-
entists in lab coats, and collectively, they had 90% of 
the world’s knowledge on toe nail fungus. That’s how 
we developed drugs. 

Science isn’t done that way anymore. It’s much more 
spread out, much more real-time, and much more 
collaborative. Now, if you look at our medical device 
businesses, some of their products were developed in-
house, like Ethicon sutures. We did and continue to have 
a lot of meaningful internal discovery. But there were 
other platforms where we went out, found interesting 
early technology, brought it back in and then applied 
great clinical and regulatory development to them. That 
enabled us to scale the technology and take it global. 
That’s how we built our orthopedics, minimally invasive 
surgery and vision care platforms. Take, for example, 
BioSense Webster. It’s a great story. The business had 
maybe $2 million in sales when we acquired it in 1997, 
and we did over $2 billion this year. That’s a solid plat-
form, and what we’ve tried to do is to take that model, 
which worked so well in medtech, and ask, ‘How do we 
do that in our other businesses as well?’

MTS: And it doesn’t happen overnight. BioSense Webster 
was a long-percolating success.

Gorsky: Absolutely. The other important thing to 
recognize about the CDI is that in our industry, our 
challenge lies not just in being innovative in bringing 
forward products and solutions, but we’ve also got 
to be innovative in how we innovate. Today, things 
happen so quickly, and technology is constantly leap-
frogging. If we’re not more innovative in how we bring 
teams together, how we structure deals, how we do 
risk-sharing, we’re never going to get the kind of long-
term mindset that will meet the sales objectives we 
target each year to have a successful business. When 
you think about the number of products in our portfo-
lio that drop out every year and need to be replaced, 
we just can’t be successful if we don’t find a better way 
to be innovative. 

MTS: So what do you expect to come out of the 
Houston facility? Is this a program to feed Johnson & 
Johnson’s pipeline? Or is it a program to encourage 
start-ups that might at the end of the day go to some 
other company? 

Gorsky: Well, a lot of the innovation from Houston 
will purposefully have a medtech focus. At the same 
time, it’s obviously near MD Anderson, so oncology will 
also be a focus. We’ve learned a lot over the past sev-
eral years through our Innovation Centers. We started 
by asking the classic question, ‘How do you take a good 
idea in a big company and make it work?’ We started 
in our San Diego/La Jolla site six or eight years ago. We 
had just lost about $8.5 billion out of a $25 billion phar-
maceutical business to generics and, frankly, we had to 
change our model. We had to downsize our facility and 
we had this beautiful facility on a cliff in La Jolla. But it 
was also in the middle of the worst real estate market in 
a long, long time, which meant that we couldn’t sell the 
property. One of our research folks said, ‘We can prob-
ably rent that space to start-ups to cover our expenses, 
and we can throw a party every Friday afternoon, which 
will build a really good relationship with them at the 
same time. And who knows what will come out of it. 
Maybe it will be a bridge.’ 

And thus the idea of JLabs was born. Now we have 10 
JLabs around the world, where we put a combination 
of business transaction leaders, scientists, and com-
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mercial people there, directly with the start-ups. I think 
we’ve reviewed over 80,000 different constructs and 
signed about 100 different deals from those, on a global 
basis. And while these companies are not obliged to sign 
deals with us, we now see JLabs as a logical extension of 
our R&D teams, because we learn from each other. 

MTS: You mentioned the global aspect of it. Is the US still a 
driver of innovation for Johnson & Johnson? I know you’ve 
got facilities in China and in Europe. Where is innovation 
for you coming from?

Gorsky: The US is still the primary driver of innovation. 
But it depends on what kind of innovation you’re talking 
about. In fact, today, about 50% of our innovation comes 
from external sources, and we see some great innovation 
in pharma coming out of Europe, and the beginning of 
some things in China. But I think China is still very early, 
probably in the first or second inning.

MTS: Let’s turn now to what’s going on in J&J’s medical 
device business itself. You’ve named Sandi Peterson to 
head the medtech business. Is that a signal of a more 
fundamental change within the group?

Gorsky: No. The basic strategy that we have in place will 
be quite consistent. If you look at the journey that we’ve 
been on over the last six years as we’ve built out our port-
folio in medtech—thinking about where we think we can 
really make the biggest difference, whether that’s in ortho-
pedics, surgery, or vision care—we’ve taken a very agnostic 
and hard look at where we think we’ve got the capabilities, 
the science, the innovation, and the relationships globally 
to make a difference. As we look forward, I think we’ll be 
consistent with what we’ve been doing. 

One of the beautiful things about Johnson & Johnson is 
that we have such a great team of experienced, seasoned 
leaders. If you look at who’s leading the businesses, people 

like Michael Del Prado, Ciro Romer, and Shlomi Nachman, 
or our regional leaders like Peter Shen, Euan Thompson, 
Michelle Brennan, and Vladamir Makatsaria—these are 
people who are running the equivalent of sizeable inde-
pendent companies. To have that kind of team is, frankly, 
pretty exciting. That’s why I say the fundamental direction, 
under the leadership of the people who are running our 
businesses on a day-to-day basis, won’t change; you’ll see 
a lot of continuity and consistency. Now, there are things 
that we want to do to accelerate what we’re doing, and 
that we just have to get better at.

MTS: Such as?

Gorsky: We’ve got to accelerate some of our next-
generation innovation. We are expecting more than 16 
launches this year, and have increased penetration and 
contributions from recent tuck-in deals we’ve completed, 
each of which provided either a new capacity or filled a key 
portfolio gap. But we need to do more, and by the way, I 
think that’s true not just for us, but for the industry. We’ve 
got to continue to ensure that we perform and execute 
really well on today’s model, which is focused primarily on 
surgeons, and, at the same time, realize that the world is 
changing around us and we have to change the business 
model to address the needs of other stakeholders. 

MTS: By which you mean more economically focused 
stakeholders?

Gorsky: Exactly. Other customers, and also other 
geographies. The question is, how do we accelerate our 
pace of innovation in certain regions around the world? 
There clearly are areas around the world where we want 
to do a better job. But if we’re talking about the basic 
strategy and the people running our businesses on a 
day-to-day basis, as I said, I think you’ll see amazing con-
sistency there.

MTS: If it’s not too broad a question, how are you 
thinking about the portfolio today and the spaces 
you want to be in? When I last interviewed you [at 
an Innovator’s Workbench session for Stanford’s 
BioDesign program in 2015], you had just sold the Cordis 
interventional cardiovascular business, which made J&J, 
largely, an orthopedic and surgical device company, 
particularly strong in wound care and wound closure. You 
had not yet made the major move into vision care. What 
do your recent moves suggest about where you want to 
focus and dedicate resources in medical devices? 

“That’s the beauty of our model. At J&J, 
we have 27 billion-dollar-plus platforms, 
and each of them presents its own unique 
innovation and technical challenges, its own 
unique pricing, business, commercial and 
financial challenges. That’s the coolest part 
of my job by far.”
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Gorsky: It all starts with unmet clinical need and 
an assessment of our expertise and capabilities and 
where we can make the biggest difference. Areas like 
orthopedics, surgery, and eye care still represent to us, 
how should I put it, good waters to be swimming in. 
There’s still a lot more that we can do in each of those 
spaces, even though some would ask whether we can 
really get better in an area like orthopedics. In some 
cases, there’s a lot more to be done focusing not on the 
procedure alone, but on the entire patient experience. 
When you compound that with an aging population 
and a middle class that outside of the US is demand-
ing more healthcare, all of these are still great areas 
to be in. We have outstanding breadth in our MD busi-
ness and want to continue to leverage that breadth to 
provide greater value to customers and healthcare pro-
viders. Key opportunities not only include continued 
strength in innovation, but also in the development 
of solutions and services around our products and for 
disease areas we target. As the landscape continues to 
change, especially the increased consolidation among 
hospital systems, our breadth offers us the opportunity 
to play a leading role and offers us a key competitive 
advantage in addressing care needs, regardless of 
whether that care is being delivered in the hospital, in 
an outpatient setting, or at home. This should result in 
a better outcome for the patient and, logically, reduced 
costs to the healthcare system.

MTS: Johnson & Johnson is one of the most broadly 
based device companies. To the extent you feel 
comfortable, can you tell us which are the sectors that 
most excite you and which of the sectors you think might 
be a bit past their sell-by date, sectors in which you’re not 
likely to put much investment, if any? 

Gorsky: That’s like asking me which of my children I 
love best. There are days when you might be a bit hap-
pier with one than another. But that’s the beauty of our 
model. At J&J, we have 27 billion-dollar-plus platforms, 
and each of them presents its own unique innovation 
and technical challenges, its own unique pricing, busi-
ness, commercial, and financial challenges. That’s the 
coolest part of my job by far; in a single day, I could 
be in one room talking about the next BTK inhibitor 
for lymphoma or CD38 approach in immuno-oncology. 
Then I walk into the next room and they’re talking 
about the next generation ultrasonic approach to less-
invasive surgery or next-generation hip or IOL. And 
then I go in the next room and they’re talking about 
a surfactant Neutrogena, and whether we should use 

Kerry Washington or Jennifer Anniston for our advertis-
ing campaign. 

It’s really amazing to get a chance to see that kind of diver-
sity in our business each and every day. But you’re right, 
the challenge is how to view that as a portfolio. We see 
strong opportunity in orthopedics, surgery, and interven-
tional care (EP, Neurovascular). At the same time, we have 
obviously made the decision to explore options for areas 
that we don’t see as a strong fit for our future and which, 
despite being good businesses, may be better in some 
else’s hands. However, in the areas I mentioned, we see 
continued strong opportunities for innovation, sourced 
both internally and externally, given the evolving science 
and opportunities to enhance care.

MTS: For a company of the size and breadth of Johnson 
& Johnson, is there a low threshold? If you don’t see a 
multi-billion-dollar franchise, does that business become 
unattractive?

Gorsky: The first thing we look at is the unmet need 
in a particular area and whether it’s truly an unmet need. 
Is there a problem that needs to be solved for patients, 
consumers, for physicians or a healthcare system where 
we can bring the capability to make a significant differ-
ence? So, we also look for areas where we can be a leader 
because when you’re Number One or Number Two, 
there’s a certain secret sauce of scale that gives you more 
degrees of freedom. It gives you the opportunity to lever-
age to a much greater degree. And we look for businesses 
in which we can be competitive over time. That doesn’t 
mean every single quarter, every single year. Some years 
the business may be investing a bit more than its competi-
tors. But over time, the business in and of itself has to be 
competitive against the benchmarks in its set, and it has 
to have a pipeline. We’re looking for businesses that are 
attractive not just this quarter or this year, but will be for 
the next three, four, five years. 

We also look for products that we can build into a larger 
platform and products that are synergistic with some of 
our other businesses and offer vertical and horizontal 
opportunities across the companies. If we don’t see that, 
especially over a several-year period, then we question 
whether it belongs in Johnson & Johnson. And look, over 
the past five years, we’ve been much more active in how 
we’re pruning and managing our portfolio. A portfolio is 
a little bit like a garden—you have to always be planting 
things, some for the near term, some for the long term. 
But you also have to be willing to prune to keep it healthy. 
We’ve been much more explicit about that criteria. I think 
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it’s good hygiene in a company to be explicit about your 
goals. We’re not here to cruise for the next 15 years. 

That said, we’re not a holding company and don’t take 
these decisions lightly. I think it brings a bit of discipline 
into the organization when you’re explicit about the cri-
teria. If you look at the spaces we’re in, the great news is 
that the science and technology are exploding right now. 
I love that. I can remember when I started in this indus-
try in the mid-‘80s, going to one of my first HIV medical 
conferences in San Francisco. In those days, if you were 
diagnosed with HIV, you had an average of two years to 

live. Today, much of it due to the incredible impact that 
we’ve had with drug regimens from our labs, having HIV 
now reduces life span by an average of only two years. 
That is amazing. 

On a personal note, one year ago, I was in Southern Cali-
fornia having my hip replaced—too many marathons and 
triathlons and long treks in my Army days. Next thing I 
know, the doctors are telling me I have osteoarthritis. Of 
course, I had to find the best surgeon who also uses our 
products, and I was able to do that. Two hours after sur-
gery, I was walking around the floor with a walker and 24 
hours later, I was discharged with a cane and flew home 
and walked a mile with a cane. Ten years ago, I would have 
been in the hospital for two or three weeks. If you think 
about those kinds of advancements, what we’re doing is 
really exciting. But different areas are in different places 
on the S-curve.

MTS: Were you really able to specify a DePuy hip? 

Gorsky: You bet I did. C’mon David, do you really think 
I was going to walk around our company with somebody 
else’s implant?

MTS: So speaking to that S-curve, two of the biggest 
sectors in medtech, arguably the two biggest, are 
orthopedics and cardiovascular. They’re also arguably 
two of the slowest growing. Are you still excited about 
those spaces? We’ll talk about orthopedics in a minute. 
But speaking just of cardiovascular, you do have a 
portfolio in cardiovascular but not in interventional 
cardiology. If we’re having this conversation five years 
from now, what are the chances Johnson & Johnson is 
back in interventional cardiology?

Gorsky: I’m excited about both those spaces. And if you 
look across our medtech portfolio, orthopedics is clearly a 
major area of investment for us. Minimally invasive surgery 
is big area for us, and we’ve done a lot there. And ophthal-
mology or vision care is a great space for us. Right now, we 
have a wonderful cardiovascular business with our EP and 
emerging neurovascular business. I was just there yester-
day. I couldn’t be more excited about that area. 

MTS: I notice that you recently bought Neuravi [an Irish 
company with a novel technology in stroke].

Gorsky: That’s right. Stroke presents us with a great 
opportunity to make a difference. Probably every one of us 
has had an aunt or uncle or some relative who had a stroke 
and is still suffering from it. I’ve seen videos of a 32-year old 
mother who had a stroke and couldn’t speak or lift her leg. 
They did a procedure to remove a clot and four hours later 
she was smiling and laughing and getting ready to walk 
again. That’s amazing.

MTS: But do you feel that to have a rounded portfolio 
you need to be back in interventional cardiology?  Or 
when you look at that space, do you say to yourself, 
‘Well, drug-eluting stents isn’t the market it used to be, 
and angioplasty is just kind of boring, so we’ll find other 
opportunities?’

Gorsky: What I would say is some of those segments 
are absolutely under pricing pressure. We saw that when 
we made the decision to divest Cordis. Are there still areas 
in cardiovascular that are exciting? Absolutely. And as the 
world’s largest healthcare company, and among the very 
top medical device companies, for us not to be in cardio-
vascular I think would be a mistake in some way.

MTS: You do have great opportunities in afib and 
stroke, but Johnson & Johnson’s cardiovascular 
business doesn’t have the kind of comprehensive 

“If you look at the journey that we’ve been 
on over the last six years as we’ve built out 
our portfolio in medtech…we’ve taken a very 
agnostic and hard look at where we think 
we’ve got the capabilities, the science, the 
innovation and the relationships globally to 
make a difference.”
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scope that the other businesses do. Can you sustain a 
major medtech business with the three areas you’re 
in? Or do you really need to have a major footprint in 
cardiovascular devices—the kind of footprint you, in 
fact, once had?

Gorsky: Well, we think we’ve already got a great and 
strong business in cardiovascular right now. Our Bio-
sense Webster unit is one of the most innovative, one 
of the best executing business units that we have. We’ve 
had nine consecutive years of double-digit growth and 
a continuous stream of innovation par excellence. That 
said, do we need to play more broadly in cardiovascular? 
We think that’s an essential space in healthcare. More 
people die of cardiovascular disease than anything else 
every year, raising the question, is there still an opportu-
nity to do better in cardiovascular care than we’re doing 
today? Yes. The challenge for us is how do we make 
that happen? And while we have organic opportuni-
ties, that approach always takes a lot longer. We believe 
that while we’ve got a very good EP business today in 
the near term, longer term, having more scale, more 
breadth, more size is absolutely something that we’re 
interested in, in much the same way that we think about 
our surgery and orthopedics businesses. 

But then the question becomes, how do you do that in a 
value-creating way? And in what space are you going to go 
in? What are the areas that you want to be in? What will 
happen with cardiac rhythm management going forward? 
What happens with stents going forward? What happens 
with valves as that market continues to evolve? What about 
the other spaces such as LVADs and others? We continue 
to monitor the cardiovascular space. It remains really inter-
esting to us, but at the end of the day, we ultimately need 
to do it in a way that creates value for our shareholders. 
Through continued innovation, strong execution, we aim 
to grow at or above the MD market growth rates with the 
areas in which we play today. Of course, we will continue to 
examine opportunities that will enhance our growth rate, 
add key capabilities, and enable us to better meet the needs 
of patients and our customers.

MTS: Getting back to orthopedics, how complete is the 
portfolio today? And will you innovate through internal 
efforts? Acquisitions? Big, critical mass deals or tuck-ins? 
What about more economically focused efforts?

Gorsky: There are really two aspects to your question. 
When we think generally about innovation, we ultimately 
think the best approach lies in the best science. Now, if we 

can get there through internal efforts, we have the skills 
and capabilities to do that. About 50% of the time, we 
generate new products internally versus bringing them in 
from external sources, weighted a little bit heavier in medi-
cal devices if you take a longer-term view, toward external 
innovation. And there, I’d say we’ve had the best success 
when we do what I call tuck-ins. Now, a lot of that depends 
on how you classify the innovation. Once we’ve owned 
something for a certain number of years, we consider 
that internal innovation. If you look at Biosense Webster 
or contact lenses, those are examples of technologies that 
we brought in very early and then used our own clinical 
development or regulatory skills and our global footprint 
to create a successful product line. 

In those situations, and there are a lot of them, we can take 
something that is a 50 to 100 million-dollar product and sud-
denly create a billion-dollar platform. But then it’s no longer 
a product; it’s a platform. From time to time, when we think 
we have an opportunity to change our growth trajectory 
and change the competitive landscape, we’ve demon-
strated the willingness and ability to do something big. 

[Editor’s Note: In February of this year, after this interview 
was conducted, DePuy acquired French orthopedic robot-
ics company, Orthotaxy, part of a broader effort within 
that operating company to create an advanced technol-
ogy platform in orthopedics.]

MTS: Like Synthes.

Gorsky: Like Synthes. AMO wasn’t small either. But 
with Synthes, we did that deal six years ago, but we’d obvi-
ously been thinking about that for a long time. At strategic 
planning meetings, we were saying back then that this 
industry is going to see consolidation because there are 
very few markets where you see five players with equal 
share, arguably similar technology, and all are experiencing 
pricing pressure.

MTS: And orthopedics is interesting because it’s a market 
where historically there’s been tremendous surgeon 
prerogative or preference, but it also feels as if, for as 
long as I can remember, companies worried about price 
pressure and margin erosion. How do you reconcile those 
two? Is orthopedics now an economically driven segment? 
Or is it still surgeon-driven?

Gorsky: I think it’s still an innovation- and science-
based industry. Clearly surgeons continue to play a major 
role because no innovation happens without a surgeon 
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involved. But, and this is true not just in orthopedics, but 
in all of the areas in which we play, the bar has gone up in 
terms of the expectations around innovation and its ability 
to provide additional value.

MTS: So what did Synthes bring to you? Why target 
Synthes as opposed to, say, Biomet, which would have 
been available a year or two later and would have come 
cheaper?

Gorsky: Well, a number of reasons. I think when we 
looked at our portfolio then, we already had strong posi-
tions in hips and knees. We also had a very solid position at 
that time in spine.

MTS: So it was really about the trauma business.

Gorsky: There were a couple of considerations. First, the 
one area that we didn’t have a strong position in was trauma, 
and when we looked at Synthes, here was this company with 
a great trauma business—40% market share—in an area 
that we were not really in. Plus, they had a spine business 
that would fit well with ours. But trauma was the main stra-
tegic consideration. If you look at growth rates in trauma, 
and particularly at the opportunity in emerging markets like 
China, it made a lot of sense. Second, in a very practical way, 
we had to think about what we could get through anti-trust 
considerations. Could we put the two companies together 
and, after all of the divestitures we’d have to do, still create 
value? And third, they actually came knocking on our door. 

When that happened, we said, ‘How can we not do this?’ 
Particularly when you do the calculus that if they’re ready to 
sell, what if someone else acquires them? 

MTS: Right, because you’re obviously not the only ones 
they’re calling on.

Gorsky: Exactly. When we went through those different 
permutations, we said this makes a lot of sense for us.

MTS: That makes sense, but could you, in a more 
economically driven world where customers are 
consolidating as well, make an argument that critical mass 
plays are important—that, for example, it might make 
sense to do a deal for Smith & Nephew or Biomet, or even 
Zimmer now, to do a deal that shores up an already strong 
hip or knee business?

Gorsky: I think we’ve got quite significant scale and 
capabilities in our orthopedics business, as we look at it 
right now, and across every major platform. We’ve done 
some acquisitions recently to buttress our trauma area with 
extremities, for example, and we’ve done some nice tuck-
ins in spine because that’s an area that has gone through 
the most disruption. And by the way, when you do a deal 
like Synthes, it’s never easy. You always underestimate the 
challenges of collapsing cultures and systems and products. 
There are always things you find later on you didn’t expect 
to find. As Susan Morano [head of Business Development, 
Medical Devices for Johnson & Johnson] always says, ‘You 

never find anything good in due 
diligence and you find a lot more 
later on.’ And you always have 
to look at those [large] deals in 
terms of opportunities for the 
rest of the portfolio. Even as we 
were doing Synthes, we were 
looking at opportunities in sur-
gery, in robotics, which we think 
is quite interesting and where 
we’re making a significant bet. 
Cardiovascular would be another 
topic of conversation and strate-
gic debate.

MTS: Do you have to make a 
choice—if you make a major 
acquisition in orthopedics,  
does that mean you’re limited 
in doing deals in, for example, Source: Johnson & Johnson
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the surgery business? When you spend $21 billion for 
Synthes, does that mean there are other deals you can’t 
do that year?

Gorsky: Because we are so diversified and because of 
our financial strength, we have incredible flexibility to jump 
on opportunities where and when they present themselves. 
We have a rigorous and very systematic approach to port-
folio management—ROCE, ROCI and every parameter that 
you can imagine. But it’s not calculus that solely drives our 
decision-making. Ultimately, it’s a combination of where the 
need is greatest and where we think we can truly add value. 
By the way, the other thing we have to take into consider-
ation: the analysts today are pretty smart, and the market 
has a way of assigning value to companies in a pretty effi-
cient way. When you’re thinking about doing an acquisition 
today, it’s not just about getting big, it’s about can you actu-
ally create value at the end of the day?

MTS: One final question on Synthes. There are reports that 
the integration of Synthes has not gone smoothly. True? 
False? In need of context? And does that make a company 
like J&J wary of doing more big deals?

Gorsky: Look, obviously when you bring two big organi-
zations together, you’re going to have challenges. And there 
have been a couple of things we may have wanted to do 
differently now in hindsight. By the way, I’m going to preface 
this by saying that given the choice again whether to do the 
deal or not, I’d absolutely still have done it. When you con-
sider everything that we had on our plate at the time in our 
orthopedic and surgery businesses, the deal made absolute 
sense. You can’t look at it in isolation and six years later say 
that because there were a lot of other business issues you 
were facing, you shouldn’t have done it. 

In the case of Synthes, there are a couple of things you 
have to realize. One is that as soon as you bring a company 
into Johnson & Johnson, regardless of its size, whether 
it’s $1 million, $10 million, $100 million, or $1 billion, it’s 
looked at differently by the marketplace and regulators, 
and the standards go up. One of the things we’ve found 
is that there were issues right away with Synthes that 
needed to be fixed to meet our standards. So, we had to 
go through a pretty significant systematic review of the 
whole portfolio to make sure that our systems aligned with 
theirs. The second area concerns spine. That’s where we 
had a lot of overlap and had decisions to make about dis-
tributors, about the sales force, and about the portfolio. I 
think that’s the area where we found the most significant 
issues, and we’re still working our way through those as 

we speak. But I am confident some of the investments we 
made and some of the product launches we saw at the 
back end of last year are going to go a long way to getting 
us back on track.

MTS: I’m assuming it’s much harder to integrate a company 
the size of Synthes than a start-up.

Gorsky: Absolutely. Talk to anyone who’s gone through 
it. Whenever you do something that big, it’s exponentially 
more complex. Although we faced certain challenges, we 
continue to believe strongly in the strategic rationale for 
that deal, the enhanced portfolio it brought us, and remain 
confident in the future of that business. The deal has created 
positive value, and we will continue to look at opportunities 
to enhance that value over time.

MTS: And orthopedics in particular, because of the 
distributor and sales force issues, is one where integration 
has always been a challenge. The only person whom 
I’ve ever heard praised for his integration efforts was 
John Brown [former CEO of Stryker] after Stryker bought 
Howmedica.

Gorsky: Everyone always underestimates how compli-
cated it is. The other thing is, you have to look at the time 
horizon. I don’t think you can make a judgment after five 
years. In orthopedics, we measure things by what will hap-
pen 10 years from now in terms of how the marketplace 
has evolved, what our product portfolio looks like, and 
how we’re competitively positioned. And I can tell you, 
when we did our DCF models on that deal, they went far 
beyond five years.   

Editor’s Note: In our next issue, we’ll have Part II of the inter-
view, in which Alex Gorsky talks about J&J’s recent foray into 
ophthalmology and about where medtech fits in the Johnson 
& Johnson portfolio.

“At strategic planning meetings, we were 
saying back then that this industry is going to 

see consolidation because there are very few 
markets where you see five players with equal 
share, arguably similar technology and all are 

experiencing pricing pressure.”
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We all know that innovation does not happen in a vacuum, and 
the most successful innovators ask lots of questions. They dream be-
yond what is, to what “could be,” while asking the key practical ques-
tions that allow these dreams to become practical medical devices 
that benefit patients. As I think about bold innovation, there are key 
questions medical technology companies must answer when pursu-
ing any project concerning an innovative technology.

The first question is: Is what you’re developing proprietary? It is 
a simple question, but that’s never actually a black and white ques-
tion. It’s gray, because the real question is, is it proprietary enough? 
Do I have enough coverage? Is the fundamental idea protectable? If 
you can answer yes to those questions, then you move on.

The second question is whether the market opportunity is suffi-
cient to justify the R&D cost and the risks that will be involved. If 
you’re doing real innovation, that’s a harder question to answer than 
it sounds, because it’s very often difficult to assess the potential of 
a market that doesn’t exist. One of the things that business schools 
could do a better job of is training marketing professionals about how 
to assess markets that don’t exist; if we’re going to have a true inno-
vation economy, that’s critical, and you have to be very clever and re-
sourceful to do that. And, of course, you have to assess the risks that 
are part of that, as well. Every new technology has its own unique set 
of risks, and you need to take the time to think through what those 
risks are in the development stage. It’s also important to recognize 
that the risks aren’t all technical; they aren’t only about whether you 
can develop a device that will do what you want it to do. We need 
to go beyond the technical to ask: What are the broader risks in your 

KEY POINTS

 Because they know the markets and 
have technologies to defend, big com-
pany R&D efforts are too often focused 
on iteration rather than true innovation.

 Over the past four or five years, big 
medtech strategics have reversed their 
priorities when it comes to spending 
their cash; once the leading target for 
their cash among three categories, R&D 
has dropped to third, behind M&A and 
cash return to shareholders. But relying 
on acquiring small companies as a way 
to bring innovation into the portfolio 
carries its own risks.

 Also challenging the development of 
innovative technology is how industry 
stakeholders have changed in the way 
they assess innovation. In 2012, doc-
tors were, by far, the dominant voice in 
selecting products; by 2015, purchas-
ing departments and the C-Suite had 
assumed a much larger voice as to which 
products are purchased. 

 The key to innovation for big com-
panies: a willingness to accept risk and 
kill projects, while properly allocating 
resources to innovation, all with the sup-
port of senior management. 

Why Big Companies Can’t  

INNOVATE
With their enormous resources and R&D spend, 
multinational medtech companies should be able 
to do amazing innovation, but too often they’re 
not. Here's why they aren't and what they can do 
to change that.

by 
STAN ROWE
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innovation? What are the risks around market acceptance? 
Are the clinical trials going to be complex and difficult? You 
have to look holistically at the risk factors: What is it that 
makes the development of this device challenging? 

The third question is: Does the technology offer sustain-
able competitive advantage? In technology development, 
job number-one is to be acutely aware of who your competi-
tion is, and again, if you’re doing absolutely true innovation, 
that’s harder than it sounds. In transcatheter aortic valve 
replacement (TAVR), the competition was surgery or no 
therapy (for high-risk or non-surgical patients). Beyond that, 
once you identify your competition, you have to assess how 
entrenched they are. How well does the status quo technol-
ogy work? How well does it perform in different groups of 
patients? Ultimately, you need to offer clinically significant 
improved safety or efficacy (substantially reduced cost is not 
sustainable).  

And even if you come to the conclusion that your device 
works, does it work well enough? Well enough for what? Well 
enough to prove itself in a clinical study? Well enough to dif-
ferentiate itself among competitors? Well enough to have en-
thusiastic adopters? Well enough to convince payors?

A Diminishing R&D Spend
If you can answer those questions well, you can do amaz-

ing innovation. So why doesn’t everybody do it well? If you 
look at the R&D spend of the biggest medical technology 
companies, you see some interesting things (see Figure 1). 
Johnson & Johnson spends more than $10 billion dollars a 
year on R&D. Why doesn’t J&J dominate in innovation? Part 
of the answer is that the spend is spread over 250 compa-
nies in the J&J portfolio; only 20% of those are in medtech. 
And, of course, there’s a lot of iteration, as opposed to real 
innovation, in that spend. (See also, “Johnson & Johnson in 
Medtech: An Interview with CEO Alex Gorsky,” this issue.)

In fact, pure medtech companies spend a lot on R&D: 
Medtronic spends $2.2 billion, Boston Scientific spends over 
$1 billion. Those are huge amounts of money. But the ques-
tion is, how productive is that in terms of true innovation? 
Or perhaps, more broadly, where are companies spending 
their money, because where companies spend their cash 
says a lot about how they’re thinking about growing their 
businesses.

As recently as 2009, the largest medical technology com-
panies spent most of their cash on R&D, second most on 
cash return to shareholders, and third on M&A. By 2013-
2014, those figures were reversed: most money went to 
M&A, the second most to cash return to shareholders, and 
third to R&D. What that means is that despite spending so 

much money on R&D, companies are looking predominately 
to acquisitions to spur growth (see Figure 2).

At the same time, over that same period, we’ve seen that 
venture capital investments in medical technology compa-
nies, in terms of dollars invested, have been in decline. It’s 
really difficult to raise money for start-ups today. That has 
to make big companies worry, as much as small companies, 
about where the money is for the long-term investments 
necessary to develop innovative technologies. And if your 
strategy as a big company is to grow through acquiring 
those innovative technologies, it’s going to be tough with 
medtech start-ups so constrained by available capital.

Also challenging the development of innovative technol-
ogy is how industry stakeholders have changed the way 
they assess innovation. In 2012, doctors were, by far, the 
dominant voice in selecting products, with 64% of respon-
dents in one poll listing doctors first in influencing product 
purchasing decisions. By 2015, that figure had dropped to 
43%. Where has the influence gone? Purchasing depart-
ments and the C-Suite now have a bigger voice in which 
products are purchased than the physicians who use those 
products. Over those three years, the influence of the C-
Suite alone doubled, from 10% to 20%. And consistent with 
that, when looking at the importance of specific decision 
factors, clinical preference as a factor in product selection 
used to be 30%; it’s now 15%. Cost and reimbursement are 
now the critical factors; in the survey, cost went from 34% 

Figure 1

Pure Play Medtech R&D Spend 
Larger “tier 1” pure-play medical device companies, such as Medtronic (NYSE:MDT), 
Stryker (NYSE: SU), Edwards Lifesciences (NYSE:EW) and Zimmer (NYSE:ZMH) spend 
between $250 million and $1.5 billion: 

Pure-Play Med Device R&D Spend 

2 Source: Edwards Lifesciences
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in 2012 to 43% in 2015, reimbursement from 10% to 16% 
(see Figure 3).

Therefore, while large companies invest large amounts into 
R&D, funding for innovation in large companies, or in start-
ups is lagging. Large companies are focusing their cash on 
acquisitions to drive growth in a start-up environment highly 
constrained by available capital. 

Cost Reduction and Economic Benefit
Some people look at those figures and conclude that hos-

pitals just want the cheapest products they can get. I don’t 
believe that. They want the lowest priced products when all 
other factors are equivalent and when the devices become 
commodities. But innovation is about differentiating your de-
vice. It’s not about getting into the commodity battle because 
you lack differentiation. 

In one recent survey, medtech CEOs were asked what 
they see as the key to success. Nearly half said innovation 
focused on cost reduction and economic benefit, while an-
other third said a focus on solutions rather than products—
both of which push against technology innovation, tradi-
tionally defined. Only around 5% of these CEOs listed more 
traditional criteria such as price premiums for innovation, 
deep clinical relationships, and capitalizing on high-growth 
spaces. 

Focusing on cost reduction and economic benefit are one 
way to innovate. But where’s the benefit to patients? Think 
about TAVR. The focus was on providing a less-invasive al-
ternative to open heart surgery, initially for non-surgical or 

high-risk patients, who would benefit tremendously in qual-
ity-of-life, recovery, and return to home. We did not focus 
on making heart valves cheaper, instead we wanted to make 
them better options for many patients. (See “Launching the 
TAVR Revolution—The PVT Story,” The MedTech Strategist, 
November 13, 2014.) The problem with a cost-focused ap-
proach is that it leaves a lot of unserved patients behind and 
I’m not sure it creates a lot of real value long term. Our view 
is there are still lots of important problems to solve in medi-
cine that are about improving clinical outcomes.

Why Do Deals Fail?
I’ve worked in small companies and in big companies and 

I really believe big companies should be the best at innova-
tion. Take Edwards Lifesciences, for example. The R&D infra-
structure is amazing. So are the expertise and the resources 
here. I don’t have to go to a vendor to do rapid prototyp-
ing. I have 3D polymer printers and 3D metal printers, and 
amazing engineers who can take things from napkin to CAD 
to prototype in an incredibly short period of time. The talent 
that’s resident in biomedical engineering and scientific medi-
cal expertise is all sitting in big companies. They also know 
the technology and the customer intimately because they 
sell to them every day. They’re not a small start-up guessing 
what customers need. And they have the financial strength 
to invest.

The problem is that, because they know the markets and 
have technologies to defend, big company R&D efforts are 
too often focused on iteration rather than true innovation. 
Is that really a problem? If you’re a big company looking 
to bring on innovative technology, why not just go out and 
buy all of your innovation? It is because it’s riskier than it 
sounds. 

At big companies, you can’t really think about R&D with-
out thinking about M&A as well, and if you look at the big 
M&A deals over the past couple of years, total shareholder 
returns two years after the deal were about 50/50 in terms 
of expected return. (At five years, the success rate is a bit bet-
ter.) In other words, the big medtech companies could have 
flipped a coin in assessing whether the deal they did is really 
going to do what they expected it would do. That suggests 
that even big M&A deals, where big companies should know 
everything before completing the deal, are not without risk. 
And deals for small companies are even riskier. 

We know why some deals are successful. In success-
ful deals, the deals exceed the value capture expectations, 
achieve aligned cultures and management practices to de-
liver value capture expectations, see minimal if any key staff 
and key account losses, and accelerate decision-making. 
That’s what happens with successful deals, but that only hap-
pens about a third of the time. 

Figure 2

Where the Cash is Spent 
Penny wise? How medtechs have spent their cash, 2009-14

Source: EY, Capital IQ and Thomson One

Data shown for US and European public pure-play companies for which data 
where publicly disclosed. Cash returned to shareholders includes total dividends 
paid and stock repurchased.
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A recent study by McKinsey suggests that 30%-40% of the 
time, the deals are, in fact, successful; that is, senior man-
agement considered them good deals, well-executed. But a 
30%-40% success rate hardly suggests that deal-making is 
low risk. Why do deals fail? According to McKinsey, about 
half the time, the deal struck was good, but it was poorly im-
plemented. The survey suggests that happens in 45%-50% 
of the cases because of factors such as insufficient value 
capture, customer losses, cultural differences that under-
mined the deal, and key staff losses due to poor integration 
management. You see this all the time: the key people who 
understood how to develop the technology or run the com-
pany left soon after the acquisition. And then there are a 
smaller group of deals, between 15%-20% of the cases, that 
were just bad deals to begin with: the acquiring company 
went into the deal with the wrong assumptions, or it real-
ized limited value capture, or there was a weak strategic fit 
or a price tag that was too high.

So which is riskier, trying to develop innovative technology 
internally by spending R&D dollars, or trying to buy innova-
tion? Let me share with you how big companies think about 
risk-taking. 

If you’re sitting on an investment or R&D committee, you 
have a choice of investing in incremental, innovative, or 
disruptive technology. There are huge differences between 
those three choices. For one thing, the timelines are much 
longer in innovative and disruptive technologies. They also 
require a lot more funding. And then the predictability and 
the expectations around those technology developments 
are a lot lower. Big companies like to lay out a timeline with 
milestones and then expect you to meet them. 
If you’re doing real innovation, it’s really hard to 
predict milestones.

Where are companies spending their R&D 
investment? The trend over the past several 
years shows that companies are investing 
more in next-generation and transformational 
products. But it’s still not where it should be. 
Studies show that if you ask senior executives 
at big companies what their ideal investment 
in next-generation and transformational tech-
nology is, they say 65% of the total R&D bud-
get, with 25% of the budget going to transfor-
mational technologies alone. 

But in 2011, companies spent only around 
12% on transformational technology and in 
2014 the spend was 17%, with 32% and 37% 
spent on next-generation products, respec-
tively. So while it is good that the investment 
is going up, companies are still quite far from 
where they want to be. And it’s not where it 
ideally should be. Even then, when companies 

commit to a focus on transformational projects, there are 
other internal challenges. The same studies suggest that 
in about 18% of cases, executives can’t agree on prioritiza-
tion of projects, and in another 26%, those executives fail 
to adequately fund projects up front. If you take on some-
thing transformational but don’t fund it properly, guess 
what happens? It takes forever to make any progress and 
people get tired of it and eventually kill it.

Killing a Project
In fact, around 23% of R&D projects are delayed during 

execution and another 16% are scaled down, which is often 
the death knell for a project—companies should either com-
mit to the project or not; it never works to do something 
halfway. Finally, 5% of the projects are defunded altogether, 
and even when the project is completed, in 12% of the cas-
es the company’s business unit ultimately fails to adopt the 
new product. Separating the R&D team from the business 
unit can work, but you have to make sure that the two are 
integrated properly and they communicate regularly. I often 
say that at Edwards, I run an adoption agency when it comes 
to the new technologies that come out of my group.

Significant, too, are the kinds of R&D projects that com-
panies are pursuing. In a 2014 survey of 50 R&D managers 
done by the CEB Group around breakpoints for transforma-
tional innovation, 46% of the managers said their primary 
goal in pursuing transformational projects is short-term rev-
enue generation. And only 42% said they were satisfied that 
there is true alignment between their R&D portfolio and 
corporate strategy.

Figure 3

The Way the Medical Devices Industry Assesses 
Innovation and New Technology Has Changed

Source: McKInsey & Co.
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A focus on short-term revenue generation and a misalign-
ment between the R&D portfolio and corporate strategy are 
deadly for transformational projects. The critical challenge 
for big companies is to develop a culture of innovation that 
delivers both short-term and long-term results. And the key 
is the willingness to take risks, which can be very difficult for 
big companies.

I remember at one of my former companies asking about a 
certain engineer and being told that he was part of a project 
that had failed. He wasn’t fired, but he wore that like an alba-
tross. If you have the kind of culture where people are identi-
fied with projects that fail, it completely stifles innovation. 
Risk-taking must be something that everybody understands 
and accepts, from top management to the engineering level.

But killing projects is very difficult. There’s no manual for it. 
And it’s not just about lack of support from senior manage-
ment and others; in 35 years of developing new products, 
I’ve never had a project team walk into my office and say, 
“We give up. We don’t think we can make this work.” It has 
never happened and it never will happen because even when 
it’s clear that a project won’t work as intended and needs to 
be rebooted or killed, the project team will come up with ten 
things they’re going to do to fix the project.

And God bless them, I’m glad they feel that way. It’s their 
job to be thinking two steps ahead about how to make the 
device better. But, you have to be able to look the team in 
the eye and ask critical questions: Will we have a sustainable 
competitive advantage? Is this going to be something that I 
can prove works well enough to garner the interest of doctors 
and support of payors? And, of course, there’s no single right 
answer. Sometimes when you want to kill a project, you’re 
wrong. That’s why setting expectations for management and 
project teams is critical.

Moreover, killing projects in big companies should be eas-
ier than in small companies. If a project is discontinued in 
a small company, very often the engineer is fired; in a big 
company, more often he or she is re-assigned to a new proj-
ect. And in big companies, many times when we suspend 

projects, the knowledge and insights from that project have 
helped us with other projects later on. Again, that should be 
a big advantage for a big company. At Edwards, we developed 
a great product called Pascal, which creates an Alfieri stitch 
in valve procedures. That project came out of our Fortis pro-
gram, a transcatheter mitral valve replacement project that 
we stopped pursuing.

For that reason and others, it’s wrong to think of killing 
projects as an admission of failure. I tell my teams, “If we 
don’t kill projects, we can’t innovate. It’s part of the pro-
cess. Be ready for it.” And it’s important to let management 
know that failure is part of the innovation pathway. It’s a 
risk we have to take.

The real question isn’t whether to stop a project, it’s when 
to stop a project. When do you say, “Let’s take another shot 
and try again,” and when do you say, “This is never going to 
work.” Adding to the challenge: Timelines are never perfect. 
We’re going to run into things we didn’t anticipate if we’re 
doing real innovation. That doesn’t mean we shouldn’t be 
asking tough questions all along the way. But, as long as the 
benefits are there longer term, continuing to invest in in-
novation makes tremendous sense. 

At Edwards, we embrace risk, but we also isolate it through 
an internal incubator we’ve set up called our Advanced Tech 
group, which embraces a lot of the elements about innova-
tion that I’ve mentioned. In the AT group, we run as many as 
five projects at a time, though typically anywhere from two 
to four, with the idea that we can isolate the risk to a small 
team. We lead the projects through the high-risk period of 
technology development through to first-in-humans before 
passing them on to the business units.  (For more on AT see 
sidebar, “Advanced Tech: A Corporate Incubator.”)

We’re going to fail and learn and adapt a lot within these 
teams. And the best engineers love the process. They run 
into brick walls and love trying to solve problems. Some 
people are not well-suited to that; you have to find people 
who don’t mind running into walls and changing direction, 
learning from hitting the wall, and figuring out how to move 
forward. And, they have to do it fast. In technology devel-
opment, speed to first-in-humans is critical because animal 
models tell us something about safety, but very little about 
efficacy. It’s important to get into first-in-human studies to 
test key hypotheses as quickly as possible.

Climate vs. Culture
Just as important, further down the chain, is the ability to 

do early-stage marketing. Most projects don’t fail because 
the technology doesn’t work; they fail because we didn’t un-
derstand the customer requirements, didn’t understand the 
distribution, didn’t understand competition, didn’t under-
stand the payors and referral patterns—all of those extrinsic 

If you have the kind of culture where 
people are identified with projects that 
fail, it completely stifles innovation. Risk- 
taking must be something that everybody 
understands and accepts, from top 
management to the engineering level.
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factors. If you don’t have early-stage marketing integrated 
into your teams, you’re flying blind, and you can’t leave  
early-stage marketing to a bunch of engineers. 

In short, a culture of innovation is one that is character-
ized by risk taking and the willingness to eliminate proj-
ects without calling that a failure, setting expectations for 
both management and project teams, incubation, learn-
ing and adapting, speed to first-in-humans, and early-
stage marketing. 

The best practices group, CEB, talks about culture versus 
climate, and about a process where first you create a cli-
mate for innovation and over time, as that climate takes 
hold, create a culture for innovation.

A climate is characterized by a shared perception by the 
entire group about the nature of the work, requires less 
time to take hold, and is relatively easy to assess. A culture 
is more about deeply-held assumptions and beliefs on the 
part of the company’s employees. Those assumptions also 
evolve over longer periods of time and are more difficult to 
influence and change. And, actually, creating a cli-
mate is, in some ways, more difficult than creating 
a culture because in the early stages, a lot of the 
things necessary for a climate of innovation are dif-
ferent and difficult to do; over time, as people get 
it, the culture doesn’t take as much work. 

The distinction between a climate and a culture 
is particularly important when you think about 
your talent. You’re going to have key people who 
create the climate. It becomes a culture as they 
move on or retire, but a culture for innovation 
remains. A culture is less dependent on individ-
ual people because it becomes “the way we do 
things.”

According to CEB, there are several things that go 
into creating a climate of innovation: senior lead-
ership and manager behavior; teammate behavior; 
vision; tolerance for failure; expectations; exposure 
to outside ideas and technology; ideation process; 
formalization (by which I mean creating ways to 
measure innovation and rewarding people for in-
novation); role design, which entails giving people 
the time and resources to create innovation; and 
collaborative support, i.e., the support from the 
company to realize innovation, whether through 
incubator programs, making funding available, or 
providing help in finding appropriate collaboration 
partners. 

What’s interesting is that the key driver for creat-
ing this climate isn’t funding or risk-taking, but how 
senior leadership talks about and supports innova-

tion. In the end, creating a climate starts at the top—you 
can’t do this from the ground up. It doesn’t matter if the 
engineering or R&D teams tolerate risk-taking and failure; 
it matters if senior management does. Senior leaders must 
be willing to support high-risk projects; be open to suggest-
ing new ways of working and consistently pursuing ideas 
that disrupt the status quo; show an interest in new ideas, 
opportunities, and partnerships; and emphasize the value 
of learning. With this, a climate for innovation will begin to 
take hold. Without it, it won’t. 

In short, it’s impossible to understate the importance of 
senior management in fostering innovation in big compa-
nies. If the leaders of the company don’t buy into creating 
the climate, it just won’t happen. And if they do, a culture 
of innovation becomes much easier to take hold.  

Stan Rowe is Chief Scientific Officer, Edwards Lifesciences, 
and was one of the founders of transcatheter valve pioneer 
PVT. This article was adapted from a presentation given at 
the ICI conference in Tel Aviv last December.
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For the past two decades, incubators 
or accelerators have been fairly com-
mon in the medtech industry, helping 
folks with novel ideas bring them for-
ward without incurring a lot of cost. 
But, most incubators focus on proj-
ects at their earliest stages, preparing 
them for a time when the first financ-
ings are to take place. FIRE1, the col-
laboration between The Foundry and 
Medtronic, is a notable exception. But, 
for the most part, incubators work for 
years before bringing into the picture 
a critical constituency in the success 
of any start-up project: multinational 
strategics whose principal role has 
historically been to acquire and, more 
recently, finance those early projects. 
For a lot of reasons (mostly financial), 
incubators are hard to make work. 
But might a strategic, with its access 
to enormous resources, seeking to 
develop novel technology, move even 
earlier and embrace the idea of incu-
bation itself?

Stan Rowe established Advanced 
Tech, Edwards Lifesciences’ internal 
incubator, in 2007, a couple of years 
after he joined the company following 
Edwards’ 2003 acquisition of TAVR pio-
neer PVT. The group functions as a dis-
crete operating unit within Edwards, 
reporting to Rowe, as a kind of inde-
pendent R&D effort. 

Each of Edwards’ business units has 
its own dedicated R&D teams. Those 
teams “do more of the next-generation 
development,” says Rowe. AT “does 
the other stuff,” by which he means 
transformative and disruptive technol-
ogy. Notwithstanding the disruptive 
nature of the effort, all AT projects are 

“clearly within our strategic scope,” 
Rowe goes on, adding, “We still think 
there’s tremendous opportunity to in-
novate within structural heart disease. 
We’re squarely focused on that space.” 
That doesn’t mean AT won’t focus on 
a white space opportunity, he says, 
but those are rare. Finally, AT takes on 

projects from both internal and exter-
nal sources. “I don’t care where the 
ideas come from,” says Rowe. “The 
best ideas should win.”

The AT team itself is made up of sev-
eral smaller teams, such as advanced 
materials, which does rapid proto-
typing, a lot of testing, and works on 
materials science. There’s also an en-
gineering support group, a team dedi-
cated to manufacturing engineering 
to ensure that the technology can fea-
sibly and affordably be manufactured 
and a team that works on marketing 
strategy (see Figure 1). The incuba-
tor also has a world-class animal lab, 
and also a clinical and regulatory team 
where requirements and strategies 

are explored from the earliest stages, 
says Rowe. 

Interest in AT is high among the folks 
in Edwards’ R&D teams, but Rowe be-
lieves that the incubator staff should 
be different from typical R&D engi-
neers. “There are lots of great biomed-
ical engineers here,” he says. “What I 
tell someone who comes to me is, ‘If 
you’re to come in and learn anatomy 
and pathology, go deep into the medi-
cine, the imaging, the procedures, if 
you’re willing to learn the competi-
tion and to understand customers and 
their standard of care, but also refer-
ral patterns and payors, and the FDA 
and European regulatory processes, 
then maybe you will be good in AT.’” 
AT engineers also have to be willing to 
do actual cases (in the animal lab), and 
work side-by-side with physicians. “I 
want engineers who can support cases 
because having a world-class physician 
say to us, ‘I think this is a little sticky,’ 
or ‘This is a little hard to move,’ can be 
difficult for engineers. How do they in-
terpret that if they’re not with the phy-
sician, if they haven’t experienced the 
delivery system?”

Edwards has also established its own 
program inspired by Stanford’s Bio-
Design program to vet projects early, 
staffed by a team of internal biomedi-
cal engineers. “Their job is to be the 
pre-feeders, the pre-project group 
that’s assessing these market opportu-
nities and crazy ideas before they be-
come formal projects.”

And while one of the key tenets of a 
culture of innovation is to fail fast and 
kill projects early, Rowe notes that Ad-

  Advanced Tech:  
A Corporate Incubator 

Each of Edwards’ business 
units has its own dedicated 
R&D teams. Those teams 

“do more of the next-
generation development,” 
says Rowe. AT “does the 
other stuff,” by which he 

means transformative and 
disruptive technology. 
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vanced Tech has a bit more leeway in 
the projects it works on, if only because 
the projects are, by definition, more 
difficult and less mainstream than a 
typical R&D project. “A culture of in-
novation means people understand 
the process,” he says. “All of our man-
agers understand that real innovation 
isn’t predictable and that it requires 
perseverance. That doesn’t mean we 
shouldn’t keep asking the tough ques-
tions about whether a project makes 
sense or not. But to think disruptive 
development is going to be predict-
able like iterative development, well, 
that would just be foolish.”

Ideally, Advanced Tech projects will 
eventually find a home within one of 
Edwards’ business units. But, Rowe 
notes that the relationship with the 
unit can, at times, be more contrarian 
than complementary. A case in point: 
Edwards’ self-expanding 
heart valve, CENTERA. At 
first, Edwards’ transcathe-
ter heart valve group insist-
ed that it wasn’t interested; 
balloon-based delivery sys-
tems had proven data and 
performance. Rowe coun-
tered that Edwards already 
had the patent rights for a 
self-expanding valve and 
the know-how to develop 
one. The opportunity to 
expand Edwards’ product 
line was appealing to him. 
“The biggest decision the 
structural cardiologist has 
in the morning is which Ed-
wards transcatheter heart 
valve to take off the shelf, 
because both the SAPIEN 
3 valve and the CENTERA 
valve have demonstrated 
outstanding results for pa-
tients,” says Rowe.

If the Edwards heart valve 
team wasn’t interested in 
the self-expanding valve, 

AT was. And by the time the AT team 
had gotten the project through de-
velopment, the heart valve team had 
changed its mind. “Suddenly they 
went, ‘Wow, that’s really cool; we’ll 
take it,’” Rowe recalls. About the initial 
reluctance, he says, “That’s part of the 
job; any innovation requires a healthy 
dose of skepticism. If people are not 
skeptical, it is probably not so novel.”

To be sure, AT can’t just work on 
whatever it wants. Once a year, AT 
has to get funding for continued op-
erations, which means that AT has to 
put forward a portfolio that the entire 
executive leadership team buys into. 
And, Edwards’ management doesn’t 
just automatically greenlight whatever 
the incubator wants to do. “But,” says 
Rowe, “Mike [Mussallem, Edwards’ 
CEO] and the management team have 
afforded me a lot of latitude to do a 

lot of things. Kind of, ‘I don’t know that 
we really need that, but go ahead and 
see where it comes out.’”

Of course, given the enormous suc-
cess of Edwards’ TAVR program and 
his role in developing the technology, 
Rowe has tremendous credibility within 
Edwards, credibility that trickles down 
to the disruptive projects AT pushes 
forward. That said, Rowe is sensitive to 
the way that the out-of-the-box nature 
of AT’s efforts is perceived within the 
corporation. “I think our job is do some 
outlandish things, to take on tough 
problems, identify things as solvable 
that other people think of as natural 
complications or poor outcomes. It’s to 
challenge the status quo in medicine, 
and I have an amazing group of leaders 
who work with me and really believe in 
that mission.”  

—David Cassak
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by 
MEDTECH STRATEGIST'S 
EDITORIAL TEAM

Each year, the MTS editorial team selects several areas within 
medtech that warrant special attention for our “Technologies 
to Watch” compilation article. These could be technologies 
that are driving growth and innovation in particular markets, 
those with the potential to disrupt an existing space, or even 
those that have stirred controversy or faced challenges in re-
cent months.  In this year’s crop, you’ll see that companies have 
progressed along many of the themes we identified last year. 

In the cardiovascular space, the most dynamic area continues 
to be structural heart, specifically transcatheter heart valves, 
which have built a solid foundation in transcatheter aortic valve 
replacement (TAVR). As TAVR continues to expand into lower-
risk patients, transcatheter valve technologies are also extending 
their reach into mitral and tricuspid valve disease. Manufacturers 
targeting these new applications will have to demonstrate the 
kind of safety and efficacy data that enabled TAVR’s success, and 
in that regard, 2018 could prove to be a tipping point, with sev-
eral long-awaited clinical studies due to be presented this year. 

We’ve discussed in the past the medical device industry’s in-
cursion into markets heretofore only addressed by drugs, and 
spinal cord stimulation (SCS) is a primary example of that trend. 
SCS is a market poised for rapid growth—15%-20% over the next 
three years, according to recent forecasts—as the industry capi-
talizes on the acute need for solutions to the opioid crisis and a 
heightened awareness of nondrug alternatives to treat chronic 
pain. Next-generation product introductions based on a new un-
derstanding of the mechanisms of SCS therapies are driving the 
near-term double digit growth rates anticipated in this space. 

In molecular medicine, liquid biopsy holds the promise of 
helping to deliver on precision medicine, particularly for can-

cers found in locations that are difficult to reach using standard 
tools of tissue biopsy—deep within the lungs, for example, 
which represent perhaps the last frontier in the movement to-
ward minimally invasive and noninvasive disease management. 
The liquid biopsy sector recently got a boost from a long await-
ed final national coverage determination, published by CMS on 
March 16.  

Meanwhile, the ophthalmic surgery market is a bit of a mixed 
bag at the moment. Micro-invasive glaucoma surgery (MIGS) 
was the stand-out performer in this space in 2017; innovative 
MIGS devices are making significant inroads into the glaucoma 
surgery market and that momentum is expected to continue, 
with a full pipeline of next-generation products. Other seg-
ments are experiencing more  incremental growth.

Finally, the most pervasive new technology covered in the fol-
lowing pages—the long arm of artificial intelligence—is reach-
ing into medtech (as well as the delivery of medicine) with 
some information-enabled ways to make healthcare faster, 
better, and cheaper. While many potential applications for AI in 
healthcare have yet to make it out of the research phase, and 
challenges in this space abound, AI is already making inroads in 
a few select areas of medicine, particularly those with an acute 
need to manage reams of digitized data—medical imaging, for 
example.  Our representative AI companies (three are profiled 
in more depth in our Start-Ups to Watch section) are only at the 
beginning of the curve.  

Editor’s Note: Part 2 of Technologies to Watch will appear in the 
next issue of MedTech Strategist. Endovascular devices for stroke, 
MIS in orthopedics, high-tech diabetes devices, and surgical ro-
botics are just some of the topics we will explore next time. 
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AI in Healthcare:  
Applying Sophisticated Analytics to Solve 
Healthcare’s Biggest Challenges
Artificial intelligence is a catch-all phrase that runs the gamut of high-level 
computer capabilities, including deep-learning neural networks and predictive 
analytics, and it is receiving a lot of attention for its potential to transform the healthcare industry. 
But does the reality match the hype? Well, yes and no. AI has the potential to make healthcare faster, 
cheaper, and better, but it’s not a panacea. The applications and executions may be new, but in the 
end, the goals remain the same.

by 
MARY THOMPSON, 
MARY STUART,  
& WENDY DILLER

Much has been said recently in 
medtech circles about the potential for 
artificial intelligence (AI) technologies, 
such as deep-learning algorithms and 
predictive analytics, to transform the 
healthcare landscape, and the number 
of start-ups now operating in the space 
has ballooned over the past few years. 
Certainly investors are interested—
according to CB Insights, the number 
of first equity deals into healthcare AI 
companies more than doubled between 
2015 and 2017 (see Figure 1). 

Some analysts are projecting massive 
growth for the broadly defined 
“health AI” market over the 
next several years—for example, 
Accenture, in a recent report, 
projected a CAGR of 40% for this 
space through 2021, with rev-
enues reaching $6.6 billion that 
year (see Figure 2). (Although to 
be fair, AI is not a product cate-
gory, but an enabling technology 
that’s on its way to becoming a 
routine part of many products—
diagnostics, services, even medi-
cal devices.) Accenture analysts 
believe much of that growth will 
be driven by AI’s ability to help 
providers address growing clini-
cal demand/provider shortages 
and its potential to add value 
in a variety of applications (see 
Figure 3). However, at this point, 

separating the hype from the reality 
remains a challenge. Clearly, there is a 
lot of promise, but it’s still early days. 

There’s no doubt that AI is transform-
ing myriad areas of our daily lives and 
disrupting many industries—consider 
the growing acceptance of virtual digi-
tal assistants like Amazon’s Alexa, the 
ongoing move toward AI-enabled self-
driving cars, or how AI now helps dictate 
which ads we see when we go online. 
But healthcare is unique from all other 
industries. It is complex, the stakes (in 
terms of both costs and outcomes) are 

high, and there are myriad challenges 
to AI-driven disruption—among them, 
shortcomings with regard to health 
data acquisition and interoperability, 
questions about data relevance, and 
provider resistance to change. At this 
early stage, successful AI solutions need 
to fit as seamlessly as possible into 
the existing workflow, offer verifiable 
advantages for patients and clinicians 
(and minimize the perceived threat), 
and improve the cost/benefit ratio—a 
tall order for any new healthcare tech-
nology, let alone one that is still at the 
beginning of its evolutionary curve. 

Source: CB Insights

The Increasingly Crowded Healthcare AI Space
Figure 1
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The First Hurdle: The 
Right Kinds of Data 

Machine learning and predic-
tive analytics, in particular, face 
challenges when it comes to the 
clinical care setting. To be truly 
effective and accurate, machine-
learning algorithms need an abun-
dance of high-quality data—the 
more, the better. But the health-
care industry as we know it today 
is very fragmented, which means 
that although a growing volume 
of patient data—both structured 
and unstructured—is now being 
collected, much of it is siloed 
and not standardized or readily 
shared—problematic hurdles in 
the AI field, which depends heavily 
on critical mass. Thus, there may be a 
lot of patient data out there, but most 
of it has not been captured with the 
requirements of AI in mind. And even 
when would-be developers of AI clini-
cal solutions do have access to large 
volumes of usable data, there may be 
no established consensus in the medi-
cal community about exactly what to 
do with it and which parameters to 
focus on (consider the old “garbage in, 
garbage out” adage). Or, the particular 
data set being used may not be repre-
sentative of the population as a whole, 
leading to inaccurate analyses (data 
from Japanese heart failure patients, 
for example, may not translate accu-
rately to heart failure patients in North 
America). At this point, for many clini-
cal care applications, we simply don’t 
know enough to effectively teach com-
puters how to draw actionable con-
clusions, although there’s little doubt 
we’ll get there eventually. 

Given those challenges, the work 
that has been done thus far in health-
care AI seems all the more remark-
able. Will AI solve all of healthcare’s 
problems and challenges? No. Will 
it replace physicians? That’s not the 
goal, at least at this juncture. But does 
it have the potential, as an adjunctive 

tool, to help providers make health-
care better—more efficient, more 
patient-friendly and personalized, with 
less human error and better patient 
outcomes? Absolutely. 

With growing volumes of data now 
being collected on patients worldwide, 
and cost/efficiency of the healthcare 
system a top concern of both providers 
and payors, many are looking to the 
new generation of AI-driven data ana-
lytics, neural networks, and machine-
learning algorithms as the next major 
innovation that will impact the health-
care industry. Near term, AI could dra-
matically improve clinician workflow, 
reducing or eliminating many routine 
tasks and giving physicians more time 
to spend on what really matters—
direct patient care. It could also posi-
tively impact healthcare access and 
quality on a global basis by helping to 
level the playing field with respect to 
physician experience and expertise, 
and by making healthcare data more 
standardized, accurate, and secure. 

Eventually, AI (and digital health, 
for that matter) will become ubiq-
uitous—AI-driven assistance will be 
integrated seamlessly into all relevant 
aspects of healthcare, and the concept 
of AI as a separate market niche will 
be obsolete. However, getting to that 

point will take time and consider-
able effort, a good part of which 
will involve navigating the health-
care maze. Although high-tech 
competitors are flooding into this 
space, no company, regardless of 
its technical expertise, is immune 
to the complexities of operating 
in the healthcare arena. Consider 
that Microsoft recently ended its 
HealthVault Insight initiative, an 
AI-enhanced mobile health plat-
form that debuted in early 2017 
but failed to achieve much trac-
tion in the marketplace, and even 
IBM’s highly-touted Watson cogni-
tive computing system has faced 
recent challenges in the field.

Some healthcare specialties offer 
lower-hanging fruit for this transition 
than others; these are usually seg-
ments that already generate huge 
amounts of digitized data to inform 
clinical decisions—clinical diagnostics/
genomics and radiology, for example 
(see Figure 4). Moreover, and not sur-
prisingly, consumer-facing healthcare 
segments also are playing a key role in 
this shift. One of the most rapidly evolv-
ing applications for healthcare AI today 
is in the heavily consumer influenced 
diabetes arena. Here, AI technology is 
already driving innovation—via “intel-
ligent,” connected mobile tools that 
help people with diabetes to more eas-
ily manage their daily disease burden 
and could eventually predict and help 
prevent adverse events, such as severe 
hypoglycemia. (See “Diabetes Devices: 
A Market in Transition,” The MedTech 
Strategist, October 12, 2017, and “Dia-
betes Devices: What Can Value-Based 
Care Bring to the Table? A Conversation 
with Medtronic’s Suzanne Winter,” The 
MedTech Strategist, February 26, 2018.) 

AI-based predictive analytics tools 
are also being developed for use in 
hospital and home-care settings—for 
example, to help identify patients in 
the intensive care unit (ICU) who are at 
risk of life-threatening deterioration, or 

Source: Accenture, “Artificial Intelligence: 
Healthcare’s New Nervous System”

Health AI Market, 2014-2021E
Figure 2
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to monitor chronic care patients, such 
as those with heart failure, who are 
at increased risk of rehospitalization. 
Companies operating here include 
Intensix, a start-up that is applying pre-
dictive AI technology to the ICU; Excel 
Medical, developing an app-based, 
AI-driven remote monitoring platform 
that analyzes real-time and historical 
patient data to determine if the patient 
is at risk of an impending event such 
as a heart attack; and Sentrian, which 
has a data analytics platform that incor-
porates remote monitor-
ing and machine-learning 
technology and is aimed at 
risk-bearing organizations to 
help them predict and pre-
vent costly events in their 
highest-risk, chronic disease 
patients. (See “Intensix: Tak-
ing Predictive Analytics to 
the ICU and Other Acute-
Care Areas,” The MedTech 
Strategist, March 31, 2017; 
also see “The ‘Smart Health-
care’ Revolution: Can Digital 
Tools, Advanced Biosensors, 
and Data Analytics Trans-
form Healthcare as We Know 
It?” The MedTech Strategist, 
December 6, 2016.) 

Although it could take 
some time before predic-
tive AI applications in com-
plex care settings reach 
maturity—as, here again, 
it is not always clear what 
data is the most meaning-
ful—the potential for pre-
dictive tools such as these 
to improve outcomes and 
positively impact the bot-
tom line has already piqued 
the interest of chief infor-
mation officers (CIOs) at 
leading US healthcare cen-
ters. According to a recent 
survey from The Health 
Management Academy and 
the Center for Connected 
Medicine, CIOs anticipate 

substantial rewards from predic-
tive analytics going forward in terms 
of patient safety, readmissions, and 
clinical decision support. (See “Digi-
tal Health: What’s Hot, What’s Not,” 
The MedTech Strategist, January 31, 
2018.) In fact, a number of large US 
hospital systems are already using or 
testing AI-based predictive tools to 
help them achieve a variety of goals 
such as lowering rehospitalization 
rates, shortening length of stay, and 
improving patient engagement. 

Extracting More from 
Medical Images 

One healthcare market that is already 
moving swiftly toward AI-based solu-
tions is diagnostic imaging/radiology. 
In this high-need arena, characterized 
by growing demand amidst a shrink-
ing supply of specialty radiologists, AI-
based adjunctive tools can take over 
some of radiologists’ more tedious and 
routine tasks—such as sifting through 
dozens of CT images to look for tiny 

lesions that may indicate 
cancer—and combining 
AI with mobile connectiv-
ity can enable more rapid 
sharing of imaging data 
within the healthcare 
community. These types 
of advances offer many 
potential advantages for 
the field of radiology and 
diagnostic imaging, includ-
ing improved provider effi-
ciency, lower labor costs, 
more rapid and accurate 
diagnosis/treatment, and 
better patient outcomes. 
Moreover, radiologists are 
already comfortable work-
ing with digitized images 
and computer software 
programs. Thus, AI should 
fit well into their existing 
workflow, which means 
AI developers operating 
in this space are likely 
to enjoy relatively low 
learning and acceptance 
curves. (Most radiologists 
are likely to view AI as a 
tool that can help relieve 
their workload burden 
and reduce missed diag-
noses, rather than as a 
threat to their livelihood.) 
Companies targeting this 
area also may enjoy a 
more certain pathway to 
US and OUS regulatory 
approval, since AI-aided 
imaging essentially builds 

Source: Accenture, “Artificial Intelligence: Healthcare’s 
New Nervous System”

* “Value” is the estimated potential annual benefits for each 
application by 2026

**Orthopedic surgery specific

Top 10 AI Applications: Potential Annual Savings
Figure 3
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on the long-established field of com-
puter-aided diagnosis (CAD). 

The concept of applying AI to extract 
more knowledge from images cap-
tured by conventional modalities, or 
to make the screening/diagnostic pro-
cess more accurate and efficient, has 
attracted the interest of a number of 
start-up companies operating in a vari-
ety of clinical areas. And a few notables 
have been able to achieve a surpris-
ingly rapid pathway to the US market, 
including Viz.ai and Arterys. 

Just two years old, Viz.ai gained FDA 
approval earlier this month for its Viz.
AI LVO Stroke Platform, a first-of-its-
kind AI-driven computer-aided triage 
software that analyzes CT scans for 
potential signs of an ischemic stroke 
using a convolutional neural network 
programed to detect MCA-M1 and/
or ICA-T occlusions. The approval was 
obtained via FDA’s De Novo premarket 
review pathway, intended for medical 
devices with no predi-
cate that are deemed 
to be of low to moder-
ate risk; the company 
also was granted the 
European CE mark in 
January. 

The Viz.AI software, 
which connects directly 
to a hospital CT scan-
ner, has a mobile app 
component that auto-
matically sends a text 
message (plus the 
patient’s CT images) to 
a neurovascular spe-
cialist’s smartphone if 
the system detects a 
suspected large-vessel 
occlusion (LVO)—the 
kind of ischemic stroke 
that is now treatable 
with endovascular clot 
retrieval and aspira-
tion devices. The aim 
is to help expedite the 

identification and treatment of these 
patients with endovascular tools, 
which have demonstrated substantial 
benefits over IV thrombolysis in terms 
of post-stroke outcomes. (See “Device 
Market for Ischemic Stroke Gains 
Momentum,” The MedTech Strategist, 
July 5, 2017.) 

Clot retrieval and aspiration devices 
can be life-saving for ischemic 
stroke patients, but they can only be 
employed at certified stroke treat-
ment centers and, according to new, 
expanded treatment guidelines, they 
must be used within 24 hours of stroke 
onset, which means time to diagnosis 
is critical. FDA based its approval on a 
retrospective study of 300 CT images 
comparing Viz.ai software’s perfor-
mance with that of trained neurora-
diologists. According to the company, 
the Viz.ai app demonstrated a sensi-
tivity of more than 90% and a median 
scan-to-notification time of less than 
six minutes (the average time savings 

was 52 minutes). (Editor’s note: we’ll 
have a full profile of Viz.ai in an upcom-
ing issue of MedTech Strategist.) 

Several other start-ups also are tar-
geting stroke, including Sensome, 
which is developing an AI-enhanced 
microsensing guidewire capable of 
analyzing blood clots in the brain, and 
two Israeli start-ups operating in the 
diagnostic imaging space: Zebra Medi-
cal Vision and Tel Aviv-based Medy-
Match Technology Ltd. Founded in 
2014, Zebra Medical Vision has a suite 
of algorithms to aid in the detection of 
a variety of conditions, including breast 
cancer, heart attacks and coronary cal-
cium, low bone density, and vertebral 
fracture, and was recently granted the 
CE mark for a new algorithm for detect-
ing cerebral hemorrhage. The com-
pany has a unique, all-in-one business 
model for its Deep Learning Imaging 
Analytics platform whereby custom-
ers pay a flat fee of $1 per scan and 
receive an unlimited number of AI 

algorithms. MedyMatch is 
applying deep learning and 
machine vision AI to CT 
images in the ER with the aim 
of speeding triage for head 
trauma and suspected stroke 
patients (see “MedyMatch: In 
Stroke, Using Artificial Intelli-
gence to Transform Average 
Physicians into Experts,” The 
MedTech Strategist, June 16, 
2017). In January, the FDA 
granted MedyMatch Expe-
dited Access Pathway (EAP) 
designation for intracra-
nial hemorrhage detection, 
allowing the company’s tech-
nology to be transitioned to 
FDA’s Breakthrough Device 
program, which should accel-
erate the development and 
approval process. 

FDA’s growing comfort with 
AI-assisted imaging technol-
ogy such as that from Medy-
Match, Viz.ai, and Arterys 

Figure 4

Source: 2017 HIMSS Analytics Survey of Health IT Professionals

Notes: Only about 5% of respondents said their healthcare 
organization is currently using AI, but about 35% plan to leverage AI 
within 2 years and more than 50% plan to do so within 5 years. 
Top barriers to adoption noted by respondents: Technology is Still 
Developing and Unproven Business Case.
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(see below) offers more regulatory 
certainty for other competitors in this 
space (although it also likely means a 
much more crowded field going for-
ward). One company that hopes to ben-
efit from FDA’s new, more tech-friendly 
policies is China-based Infervision, 
profiled on page 56, which has devel-
oped deep-learning neural networks 
designed to rapidly screen CT and X-ray 
images and accurately pinpoint areas 
of abnormality. Infervision is targeting 
several applications for its AI technol-
ogy, including stroke (to more rapidly 
and accurately measure bleeding in the 
brain) and cancer (for example, flagging 
difficult-to-detect suspicious lesions on 
CTs and X-rays of the lung). 

In addition to stroke and cancer imag-
ing, there is also a substantial amount of 
work being done with AI in the cardiac 
imaging and diagnosis arena. Arterys, 
for one, is targeting the cardiac MRI 
market with its Cardio DL application, 
which was FDA 510(k) cleared in Janu-
ary 2017 (and CE marked in December 
2016). Cardio DL is the first technol-
ogy cleared by the FDA that “leverages 
cloud computing and deep learning in a 
clinical setting,” according to the com-
pany, which says the software provides 
automated, editable segmentations 
of the heart’s ventricle from conven-
tional MRI images that are “as accurate 
as segmentation performed manu-
ally by experienced physicians.” Last 
November, Arterys unveiled its new, 
FDA-cleared MICA platform, a cloud-
based medical imaging interpretation 
platform that supports a variety of 
imaging modalities, and it announced 
pending FDA clearance of two new 
applications in oncology: Arterys Liver 
AI (for MRI and CT images) and Arterys 
Lung AI (for CT images). The company 
closed on a $30 million Series B fund-
ing round in November, led by Tenasek 
and including strategic investors North-
well Health Ventures, New York-Pres-
byterian, Varian Medical Systems, and 
GE Ventures. (For more on Arterys see 

“Arterys: Smart MRI Software is Radiol-
ogists’ New Best Friend,” The MedTech 
Strategist, May 31, 2017.)

Others focusing on applications for 
AI in cardiac imaging include BayLabs, 
founded in 2013, which is applying AI to 
echocardiogram (moving ultrasound) 
images of the heart with the aim of 
making it easier for clinicians to assess 
heart function in heart failure patients; 
and Genetesis LLC, which is develop-
ing a noninvasive cardiac imaging tool 
coupled with AI-driven decision-sup-
port software to help physicians more 
rapidly and accurately assess people 
who present in the ER with chest pain. 
(See “Genetesis: Noninvasive Heart 
Imaging Improves Process of Chest 
Pain Triage,” The MedTech Strategist, 
February 26, 2018.)

The Power of AI to Reveal 
Novel Signatures of Disease

The work Genetesis is doing points 
to another potential for AI in health-
care: the ability to use deep analysis 
capabilities to create new signatures of 
disease from physiological signals that 
can be measured noninvasively. In the 
case of Genetesis, the noninvasive tool 
being used is magnetocardiography, 
which detects the magnetic field gen-
erated by the electrical activity of the 
heart. Magnetocardiography is capable 
of producing a signal that is of higher 
quality than an ECG and thus better for 
evaluating chest pain patients, but the 
signal generated by the heart is faint 
and difficult to separate from external 
noise. Genetesis is using AI to make 
this technology feasible for routine use 
in the ER. 

Start-up Analytics 4 Life is also cre-
ating new disease signatures that can 
be measured noninvasively, but in this 
case, the company is using AI’s deep 
analysis and machine-learning capa-
bilities to analyze the heart’s electrical 
signals, with the aim of offering a rapid, 
cost-effective office-based test for cor-

onary artery disease. (See “Analytics 
4 life: Using AI to Diagnose Coronary 
Artery Disease at the Point-of-Care,” the 
MedTech Strategist, October 12, 2017.) 

AI is particularly helpful when com-
plex inter-relationships make medi-
cal problem-solving challenging. For 
example, numares AG, profiled on 
page 58, is applying machine learn-
ing to nuclear magnetic resonance to 
identify disease-associated patterns 
around the interaction of metabolites. 
And, it is operating in a disease area—
the kidneys—where it’s no simple mat-
ter to biopsy tissue. 

AI in the OR 
A number of companies are also tak-

ing AI into the surgical suite, including 
EchoPixel, which is developing a vir-
tual reality software for surgical plan-
ning; Gauss Surgical Inc., which has 
an AI-driven image analysis software 
that can analyze pictures of surgical 
sponges and accurately calculate blood 
loss during a surgical procedure; and 
Synaptive Medical Inc., which has a 
platform of AI-based tools addressing 
a number of surgical applications, from 
presurgical planning to navigation, sur-
gical robotics and visualization, and 
informatics. (See “EchoPixel: Virtual 
Reality Allows Surgeons to Plan More 
Accurate, Safer, and Shorter Surger-
ies,” The MedTech Strategist, April 20, 
2017; “Gauss Surgical: The Transform-
ing Power of Digital Health in the OR,” 
The MedTech Strategist, June 30, 2016; 
and “Synaptive Medical: Connecting 
Surgery, Imaging, and Data to Improve 
Outcomes,” The MedTech Strategist, 
January 31, 2017.)

Cancer Screening and 
Personalized Medicine

Cancer screening is one clinical area 
where AI could have a substantial near-
term impact. In addition to Infervision, 
mentioned above, QView Medical Inc. 
has a deep-learning AI-based CAD sys-
tem that was FDA approved in Decem-
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ber 2017 for use with GE Healthcare’s 
Invenia automated breast ultrasound 
device to aid in the detection of breast 
cancer in women with dense breast tis-
sue. (QView’s founder and CEO, Bob 
Wang, also founded R2 Technology—an 
early player in the mammography CAD 
market that was acquired by Hologic 
in 2006—and U-Systems, developer 
of the Somo.v automated breast ultra-
sound system; U-Systems was acquired 
by GE Healthcare in 2012.) Moreover, 
ProLung Inc., profiled on page 60, has a 
predictive analytic that helps clinicians 
risk-stratify patients with suspected 
lung cancer. It will help patients that 
should have biopsies get them sooner, 
and solve a resource allocation issue as 
new lung cancer screening guidelines 
increase the detection of indetermi-
nate lung nodules.

Also of note is the considerable work 
now ongoing in the field of genomics, 
diagnostics, and personalized medi-
cine, where AI can help physicians 
(and researchers/drug developers) 
sort through huge volumes of genetic 
data to determine which therapies 
are most likely to benefit a particular 
type of cancer, or even a particular 
patient, based on a tumor’s unique 
genetic makeup. It’s even possible 
that AI might one day be able to pre-
dict, without specific diagnostic tests, 
which patients are at risk of develop-
ing a particular disease based on exist-
ing patient and population data.

Clearly, AI has the potential to touch 
nearly every aspect of healthcare 
delivery. Other clinical applications 
currently under investigation include 
retinal image analysis—to more eas-
ily and accurately detect eye diseases 
such as diabetic retinopathy (in addi-
tion to several start-ups, IBM Watson 
Health, Amazon, and Google’s Deep-
Mind are also working in this area), 
and respiratory health. Start-up Pro-
peller Health has a digitally guided 
therapy platform for asthma and COPD 
that consists of a digital sensor for 

the patient’s inhaler and an app with 
machine-learning capabilities that 
keeps a record of inhaler use and pro-
vides guidance, including alarms and 
notifications, to help patients man-
age their disease. (See “In Asthma, the 
Clinical, Economic, and Business Case 
for Digital Health,” The MedTech Strat-
egist, March 31, 2017.) 

High Risk, High Reward
Of course, not all of the myriad start-

ups currently pursuing AI for health-
care will ultimately succeed. There’s 
going to be a shake-out eventually, and 
the competition is likely to be fierce. 
But the potential rewards are huge for 
those lucky enough to find a lucrative 
niche and/or be acquired by one of 
the many big strategics also working 
to establish a stake in this market. For-
tunately, the list of potential acquirers 
includes nearly every big name you can 
think of in the life sciences field, and 
increasingly, the high-tech arena as 
well. Tech companies see analytics and 
informatics as a way into the health-
care market—a multibillion-dollar 
opportunity that has until now largely 
eluded them—and many have already 
established partnerships and invest-
ments in this area.

One recent exit illustrates just how 
high the stakes are in this nascent 
field of health AI and data analytics. 
In February, Roche announced that 
it had signed a definitive agreement 
to acquire New York City-based Flat-
iron Health for $1.9 billion. Roche, 
which already holds a 12.6% equity 
stake in Flatiron, has been an investor 
in the company for several years and 
led a $175 million Series C round that 
closed in early 2016. The deal values 
Flatiron at $2.1 billion. Flatiron has an 
oncology-specific, cloud-based analyt-
ics platform and connected network 
designed to improve the management 
of patients with cancer, as well as what 
it calls a Clinico-Genomic Database to 
aid in new cancer drug development. 

Roche says it sees the acquisition as 
an “important step” in its personalized 
healthcare strategy. Flatiron, the firm 
says, with its new approach to curat-
ing and developing real-world evidence 
for regulatory decision-making, is “best 
positioned to provide the technology 
and data analytics infrastructure for 
oncology R&D efforts” (Flatiron’s ulti-
mate goal is to replace some or all of 
the expensive traditional pharma clini-
cal trials with real-world data analysis 
and FDA appears to be amenable to 
this concept). “We believe that regu-
latory-grade, real-world evidence is a 
key ingredient to accelerate the devel-
opment of, and access to, new cancer 
treatments,” Roche CEO Daniel O’Day 
said in a statement.

Granted, Flatiron operates in oncol-
ogy drug development and precision 
medicine, fields that are flooded right 
now with hot new treatments and 
innovation. But Roche is a traditional 
pharmaceutical company with a lead-
ing molecular diagnostics business, 
and the deal demonstrates the value of 
a multidisciplinary, big-data approach 
to complex disease—one that relies 
on AI-based analytics to gain valuable 
insights and potentially save millions 
of dollars in the process.

So what will the future bring? The 
specifics are difficult to predict at this 
juncture, but one thing seems certain: 
AI is poised to play an increasingly 
important role in healthcare delivery 
going forward. If healthcare is to pro-
vide more affordable care for the larg-
est number of people, it must be able 
to offer the best possible outcomes 
for every patient in a manner that is 
efficient, effective, and economical. To 
these ends, AI is able to pick up pat-
terns of all sorts—behavior, disease, 
operational inefficiencies, how the 
weather or any other variable affects 
any of those things—much better and 
faster than a human could. It just takes 
human entrepreneurial creativity to 
find the right applications.   
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Transcatheter Heart Valves: The Year of Big Data
The exciting news in heart valves centers around clinical trial data, rather than new 
technologies. Several major studies are expected to be announced this year, which could 
confirm the value of transcatheter devices compared with existing medical therapy.

This article focuses on important innovative products that, in 
the near term, have the potential to enter the market. In struc-
tural heart, however, the story is not so much centered on spe-
cific products, but on impending clinical trials. This year will be 
one of big data, not in the sense of advanced information analy-
sis, but in terms of important clinical information that will go a 
long way to determine the future of what is likely to be the next 
true blockbuster device market: transcatheter heart valves.

TAVR (transcatheter aortic valve replacement) products have 
built a strong foundation in the treatment of high-risk patients. 
The next milestones for this space will see the expansion of indi-
cations to lower-risk populations, including, eventually, asymp-
tomatic patients. And in mitral and tricuspid valve disease, this 
means extending the use of transcatheter technologies to a pa-
tient population that has been either the exclusive province of 
surgeons or medical therapy alone since many of these patients 
are not candidates for surgery. 

To accomplish this expansion, product companies will have 
to demonstrate the kind of safety and efficacy that enabled 
TAVR’s success. This year could prove to be a tipping point 
for transcatheter mitral valve replacement and repair, not 
because any breakthrough new technologies will be intro-
duced, but because data from several long-awaited major 
transcatheter valve studies are due to be presented. This new 
clinical data could open the door for innovative products to 
enter these new markets. 

Let the Mitral Trials Begin
Not since the late 1990s and early 2000s, when drug-eluting 

stents were introduced, has there been such an eagerly antici-
pated set of cardiovascular clinical trials. The three major trials 
expected to announce results this year include the first random-
ized controlled studies in which a transcatheter mitral valve de-
vice is compared against optimal medical therapy (OMT) to treat 
patients with mitral regurgitation (MR). All of the patients treat-
ed in these studies suffer from functional (sometimes called 
secondary, as opposed to degenerative, or primary) MR. That 
is significant because functional mitral regurgitation (FMR) oc-
curs more frequently, representing, potentially, a much larger 
market. Also, most FMR patients, unlike those with degenera-
tive mitral regurgitation (DMR), are not currently candidates 
for surgery because the condition is viewed largely as a prod-
uct of heart failure, resulting from damage to the left ventricle; 
in other words, fixing the MR won’t solve the underlying heart 
failure and therefore won’t improve outcomes, a question that 

could very well be answered by these trials. 

The first two studies both involve Abbott Vascular’s Mitra-
Clip, the only transcatheter mitral device currently available in 
the US. The first unveiling is likely to be the MITRA-FR study 
(conducted in France), to be announced at the European So-
ciety of Cardiology (ESC) meeting in August, to be followed in 
September by the COAPT trial (North America and Europe), 
which will be released at the Transcatheter Cardiovascular 
Therapeutics (TCT) conference in September. Finally, later this 
year, Cardiac Dimensions is expected to announce the results 
of its REDUCE-FMR trial (conducted in Europe and Australia, 
and the only one of the three trials to use a sham procedure) 
comparing the company’s Carillon device with OMT.  

There has been much speculation among industry execu-
tives and clinicians about the potential results of these stud-
ies. A senior executive at one of the large valve companies 
summed up the pre-release consensus by acknowledging 
that while all of these studies may not achieve all of their pri-
mary endpoints, the results may be strong enough in terms 
of hitting secondary endpoints to provide solid support for 
using device therapy to treat FMR. 

Still up for debate, however, is the question of whether mi-
tral repair or replacement offers the best long-term solution. 
Industry is clearly hedging its bets with 37 mitral repair and 
31 mitral replacement projects currently underway, accord-
ing to cvPipeline (see Figures 1 and 2). According to this se-
nior executive, an informal poll of clinicians (conducted at the 
recent CRT interventional cardiology conference in Washing-
ton, DC) favored mitral repair over mitral valve replacement 
as the procedure of choice at least for the next three-to-five 
years. The rationale: repair is currently safer, faster and en-
ables a speedier recovery, while replacement in its current 
state is a more complex and risky procedure that may not 
offer many advantages over surgery. 

There are also more anatomical limitations with replacement 
devices, which means repair products could potentially treat 
a larger patient population. However, in the long term, clini-
cians polled feel that replacement is likely to be the eventual 
procedure of choice, but will require significantly more clinical 
experience and product development. Wells Fargo senior ana-
lyst Larry Biegelsen also points out that surgical repair is the 
preferred approach for DMR patients, but recent data suggest 
that replacement of the valve is more durable. In this relatively 
nascent stage of development, it appears that transcatheter 
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mitral valve repair tends to be safer than replacement, but 
replacement seems to be better at reducing MR. 

Weighing in on the issue of the optimal delivery ap-
proach—transseptal or transapical—this executive notes 
that most replacement devices are currently being de-
livered using the transapical approach, while the major-
ity of repair products employ transseptal or transfemoral 
approaches. He suggests that transseptal will eventually 
prevail because it is safer as it avoids the ventricle, which 
is already compromised in most of these patients. But, he 

says, it will take three-to-five years to commercialize a vi-
able transseptal delivery system.

Bigger Market Attracts More Players  
and Products

In spite of these unanswered questions, the level of in-
terest in the transcatheter mitral market on the part of big 
companies, start-ups, clinicians, entrepreneurs and investors, 
continues to exceed that of TAVR, largely because the mitral 
valve market is potentially so much larger than its predeces-

sor in aortic valve treatments 
and the disease etiology more 
complex, presenting opportu-
nities for multiple therapeu-
tic approaches. Estimates for 
2020 place the global trans-
catheter mitral market at 
around $20 billion, with TAVR 
at roughly $5 billion. 

Treatments for the mitral 
valve also operate in a differ-
ent competitive landscape. 
TAVR is currently a two-horse 
race dominated by Edwards 
Lifesciences and Medtronic 
plc, whereas mitral is ex-
pected to present opportuni-
ties for more companies, and 
indeed, many more players, 
large and small, are active in 
this space. Here (unlike TAVR), 
large companies are likely 
to offer multiple products to 
treat the added anatomical 
complexity of mitral disease. 
Edwards, for example, al-
ready has three prospective 
mitral replacement devices: 
the Sapien M3 (a device that 
uses the Sapien 3 valve and 
a docking station, for which 
successful first-in-man data 
was recently announced on a 
10-patient cohort); the device 
acquired from CardiAQ (which 
is currently being redesigned 
to reduce the valve profile 
and incorporate a transsep-
tal delivery system, with the 
new version scheduled to be 
ready for use later this year); 
and Mitraltech’s Cardiovalve 
(which Edwards has an option 

  Clinical  
Company Product Studies* International Status US Status
Abbott MitraClip 354 CE Mark approval gained FDA approved
 MitraClip 
Abbott Momentum 1 CE Mark trial underway In development
Abbott MitraClip NT 4 CE Mark approval gained FDA approved
Abbott MitraClip XT 0  In development
Ancora Heart AccuCinch (G) 3 Clinical trial underway US feasibility study underway
Angel Valve Mitral Butterfly 0 Preclinicals underway 
Cardiac Dimensions CARILLON 22 CE Mark approval gained US pivotal study underway
Cardiac Implants DaVingi 1 First-in-man study planned Preclinicals underway
Cardiosolutions Mitra-Spacer 2 First-in-man study underway Preclinicals underway
coramaze mitramaze 1 First-in-man study planned 
CoreMedic ChordArt 0 First-in-man study planned 
Edwards Cardioband Leaflet 0 Preclinicals underway 
Edwards Cardioband MR 9 CE Mark approval gained US pivotal study underway
Edwards HARPOON 8 CE Mark approval gained US pivotal study planned
Edwards PASCAL 3 CE Mark trial underway US pivotal study planned
Edwards V-Chordal-TF 0 Preclinicals underway 
Emory University MitraPlug 0  Preclinicals underway
Hangzhou DeJin 
Medtech MitralStitch 1 International clinical study planned  
Heart Repair Mitral Bridge
Technologies Transcatheter 0  Preclinicals underway
HeartWorks MitraClamp 0  Preclinicals underway
Kardium Kardium MR 0  Intellectual property developed
Medtentia CathHELIX 0 Preclinicals underway 
Micro Interventional 
Devices MIA 1 First-in-man study underway US feasibility study planned
Middle Peak Medical MPM Neo-Leaflet 
(now Polares Medical) Transcatheter 0  Preclinicals underway
Millipede IRIS Ring 4 First-in-man study underway Preclinicals underway
 Mitral Interventions 
Mitral Interventions Device 0  Intellectual property developed
Mitralign MPAS 10 CE Mark approval gained 
Mitralix MISTRAL 1 First-in-man study underway 
MitraSpan MitraSpan 2 First-in-man study underway IDE accepted for feasibility study
MVRx ARTO 6 CE Mark trial underway IDE accepted for feasibility study
NeoChord NeoChord DS1000 15 CE Mark approval gained US pivotal study underway
 NeoChord 
NeoChord Edge-to-Edge 1 First-in-man study underway Preclinicals underway
NeoChord NeoChord TF 0  In development
 SAT Mitral Repair 
SAT Device 0 In development 
Tau-PNU CSTV 1 First-in-man study underway 
Transmural Systems Transmural Cerclage 1  US feasibility study planned
Valcare AMEND 4 First-in-man study underway Preclinicals underway

Figure 1

Transcatheter Mitral Valve Repair Technologies in Development 

* Clinical studies including sub-studies and registries, whether announced, underway, or completed.

Source: cvPipeline
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to buy as part of its acquisition of Valtech Cardio and has just 
been implanted successfully in two patients). 

One challenge facing all of the companies in the mitral space 
is that of innovation overload, about which we have written 
previously. (See “Innovation Overload in Transcatheter Mitral 
Valves: Renal Denervation Redux? The MedTech Strategist, 
November 16, 2016.) On one hand, the active interest of en-
trepreneurs, clinicians and investors in this space spurs innova-
tion. On the other hand, it can impede progress by making it 
harder to enroll patients in clinical trials (e.g., Abbott’s COAPT 
trial, which started enrolling patients in 2012), thereby increas-
ing the time and resources needed to generate the necessary 
clinical data and, in the process, further extending an already 
lengthy commercial development timeline. 

To date, according to cvPipeline, there are 145 mitral studies 
on products seeking approval 
(which doesn’t include the 
354 studies on the already-
approved MitraClip). Further, 
when the number of start-ups 
far exceeds the number of po-
tential acquirers, investors tend 
to sour on what they perceive 
as an overly-crowded space 
and head for what they see 
as greener pastures. No such 
shake-out has yet occurred 
with mitral technologies, but 
since many of the large stra-
tegics have already staked out 
their claims through the acqui-
sition of early-stage start-ups, 
it will be interesting to monitor 
whether there remains room 
for later-generation small com-
panies. (See “Transcatheter 
Mitral: Not Your Father’s Aortic 
Market,” The MedTech Strate-
gist, December 22, 2016.)

Moving Downstream 
in TAVR

That was certainly the case in 
TAVR, where Edwards’ early ac-
quisition of PVT and Medtron-
ic’s purchase of CoreValve left 
little room for next-generation 
players, the exception being 
Boston Scientific’s relatively 
late acquisition of Symetis, 
following manufacturing prob-
lems with its Lotus valve, which 

it acquired when it bought Sadra Medical. (Boston Scientific ex-
ecutives say Lotus will be back on the market, while offering no 
timeframe. The company will have to reapply for CE Mark and 
conduct an additional 50 implants to satisfy FDA requirements. 
Industry executives see Lotus and Symetis’s Acurate Neo as be-
ing complementary, with the former better suited for heavily 
calcified valves, while concerns about the latter’s radial strength 
make it perhaps better suited for less calcified aortic stenosis.)

That said, the changes most likely to occur in the TAVR 
market revolve around clinical, not competitive develop-
ments—the market is likely to remain a two-horse race for 
the foreseeable future. There are also early signs in Europe 
of price-based competition, which could affect market dy-
namics; this has not yet begun to occur in the US. The big-
gest shifts in TAVR are likely to come as regulators approve 
these devices for lower-risk patients, with the ultimate goal 

  Clinical  
Company Product Studies* International Status US Status
4C Medical AltaValve 1  US feasibility study planned
Abbott St. Jude TMVR 0  Preclinicals underway
Abbott Tendyne 1.0 10 CE Mark trial underway US pivotal study planned
Abbott Tendyne 2.0 1 CE Mark trial underway US feasibility study underway
Braile Biomedica QUATTUOR 0 First-in-man study planned 
Cephea Cephea TMVR 1  First-in-man study planned
CorMatrix CorMatrix TMVR 0  Preclinicals underway
Edwards Edwards-CardiAQ Valve-TS 5 CE Mark trial withdrawn US feasibility study underway
Edwards Next-Gen Edwards-CardiAQ Valve 0  In development
Edwards SAPIEN M3 1  US feasibility study underway
Emory University MitraCath 0  In development
Epygon Epygon TMVR 0 Preclinicals underway 
HighLife HighLife TMVI 4 International feasibility trial underway 
InnovHeart Saturn TMVR 0 Preclinicals underway 
INVALV INVALV Device 0 Intellectual property developed 
LivaNova LivaNova TMVR 5 CE Mark trial underway US feasibility study suspended
Lutter Lutter Valve 0 Preclinicals underway 
Medtronic Intrepid 3 First-in-man study underway US pivotal study underway
Micro Interventional 
Devices Permavalve 0  Preclinicals underway
MitralHeal MitralHeal 0 Preclinicals underway 
Mitraltech Cardiovalve 1 First-in-man study planned US clinical study planned
MitrAssist MitrAssist Valve 0 Preclinicals underway 
MValve MValve Dock 2 First-in-man study planned 
MValve Next-Gen MValve 0 Preclinicals underway 
Nakostech Nakostech TMVR 0  Intellectual property developed
NaviGate NAVI 1 First-in-man study underway Preclinicals underway
Neovasc Tiara 6 CE Mark trial underway US feasibility study underway
SINOMED ACCUFIT 2 First-in-man study planned Preclinicals underway
Transmural Systems Transmural TMVR 0  Intellectual property developed
Valcare Corona 1 First-in-man study planned US feasibility study planned
Venus MedTech Tresillo 0 In development 

Figure 2

Transcatheter Mitral Valve Replacement Technologies in Development 

* Clinical studies including sub-studies and registries, whether announced, underway, or completed.

Source: cvPipeline
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of treating asymptomatic patients. (The regulatory path for 
TAVR began with high-risk patients who were not candidates 
for surgery and had no treatment options other than medical 
therapy, so market expansion will come from moving down-
stream in the continuum of care.) 

Initial clinical trial data on the use of TAVR devices in lower 
risk patients appear promising. At the recent CRT conference, 
Ron Waksman, MD, presented the interim 30-day results from 
the LRT (Low-Risk TAVR) trial. This is an investigator-sponsored 
study being run across 11 US sites. While the study is non-ran-
domized and uses a small patient cohort, the early data showed 
no mortality and very low adverse events at 30 days. As a re-
sult, clinicians and industry executives believe this study, the full 
results of which are expected to be announced later this year, 
is also promising for the ongoing low-risk patient studies being 
conducted by Edwards and Medtronic.

While market leaders continue to iterate on their existing 
valve product lines, other new opportunities in the TAVR 
space might expand this market and open it to other compa-
nies. These include adjunctive technologies, the most promi-
nent of which are large-bore closure devices to help clinicians 
more easily seal the punctures necessary for transcatheter 
valves, which tend to be larger than those for traditional PCI 
devices, and embolic protection devices to protect against 
debris moving upstream to the brain and causing a stroke. An 
executive familiar with the space offered that closure devices 
present the most immediate need because they can enhance 
the ease of use of current valves and thereby shorten proce-
dure times, while, in his words, in the eyes of many clinicians, 
the jury is still out on the need for embolic protection. His 
advice to small companies looking to develop these closure 
devices: Don’t expect to be acquired at an early stage. Create 
a stand-alone device that works with all kinds of valves and 

build your company to the 
point where it demonstrates 
commercial and clinical vi-
ability, which will make the 
start-up a much more attrac-
tive acquisition target.

This article focuses on tech-
nologies on the verge of com-
mercialization, but it’s worth 
noting that in transcatheter 
valves, the next market to 
which companies are look-
ing is tricuspid valves. There 
are currently 22 transcath-
eter tricuspid projects in vari-
ous stages of development at 
large companies and start-ups, 
seven for replacement and 15 
for repair, numbers that con-
tinue to increase (see Figures 
3 and 4). While the value of 
the transcatheter tricuspid 
market is hard to estimate 
and products are several years 
away from commercialization, 
most industry executives and 
clinicians agree that tricuspid 
product development is where 
TAVR was a decade ago and 
where mitral was five years 
ago. At the same time, tri-
cuspid development benefits 
from the progress being made 
in both of those other areas, 
so this market might mature 
sooner rather than later.    

  Clinical  
Company Product Studies* International Status US Status
44Tech TriCinch 2 First-in-man study completed 
4Tech TriCinch Coil 1 Clinical trial underway 
Abbott MitraClip XT 0  In development
Cardiac Implants DaVingi 1 First-in-man study planned Preclinicals underway
Cardiosolutions Mitra-Spacer 2 First-in-man study underway Preclinicals underway
Cook Medical TRAIPTA 1  US feasibility study planned
coramaze mitramaze 1 First-in-man study planned 
CroíValve CroíValve TR Device 0 In development 
Edwards Cardioband Leaflet 0 Preclinicals underway 
Edwards Cardioband TR 4 CE Mark trial underway US pivotal study planned
Edwards FORMA 4 CE Mark trial underway US feasibility study underway
Micro Interventional 
Devices MIA 1 First-in-man study underway US feasibility study planned
Millipede IRIS Ring 4 First-in-man study underway Preclinicals underway
Mitralign Trialign 6 CE Mark trial underway US feasibility study enrollment over
Mitralix MISTRAL 1 First-in-man study underway 

Figure 3

Transcatheter Tricuspid Valve Repair Technologies in Development  

* Clinical studies including sub-studies and registries, whether announced, underway, or completed.

Source: cvPipeline

  Clinical  
Company Product Studies* International Status US Status
Daidalos Daidalos TMVI Clamp 0 Preclinicals underway 
Jenscare LUX-Valve 0 Preclinicals underway 
MITRICARES MITRICARES Device 0 Preclinicals underway 
NaviGate GATE 2 Compassionate cases have occurred US feasibility study planned
NVT Tricento 1 First-in-man use has occurred 
Products & Features TricValve 1 CE Mark trial planned 
TRiCares TRiCares Tricuspid THV 0 In development 

Figure 4

Transcatheter Tricuspid Valve Replacement Technologies in Development   

* Clinical studies including sub-studies and registries, whether announced, underway, or completed.

Source: cvPipeline
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You can’t open any news feed today 
without reading about the opioid crisis 
in the US. The US Centers for Disease 
Control and Prevention (CDC) found that 
overdoses as a result of prescription 
drug misuse have been steadily increas-
ing since 1999, a trend that correlates 
with an increase in prescription sales of 
opioids. In 2016, 20,000 people in the 
US died from opioid overdoses and the 
problem is getting worse. Estimates for 
2017 find the death toll rising to 62,500, 
as the epidemic has transitioned away 
from older people and prescription 
drugs to a younger population and illicit 
drugs, according to Altarum, a nonprofit 
health research and consulting institute. 

In a report published in February 
2018, Altarum calculated that the annu-
al cost of the country’s opioid crisis has 
risen from $29.1 billion in 2001 to an es-
timated $115 billion in 2017, taking into 
account spending on healthcare (a dis-
proportionate share of which is borne 
by Medicaid), social services, education, 
criminal justice, and lost wages and 
productivity. The Altarum report notes 
that the epidemic will result in $500 bil-
lion in costs over the next three years if 
evidence-based interventions are not 
implemented. 

The pharmaceutical industry has re-
sponded. In 2017, Endo Pharmaceu-
ticals voluntarily removed its opioid  
Opana ER (oxymorphone) from the 
market at the request of the FDA, one 
of Scott Gottlieb’s first decisions as FDA 
commissioner. Purdue Pharma, the 

manufacturer of OxyContin (oxycodone), 
followed suit in February 2018, an-
nouncing that it would stop marketing 
its opioid drugs to physicians. 

The opioid epidemic is largely a so-
cietal issue centering on addiction and 
sales of illicit drugs, but for 1.5 billion 
people worldwide (100 million in the 
US) with chronic pain, there are medical 
implications, as physicians reconsider 
how best to help their chronic pain pa-
tients. If they can’t prescribe opioids for 
patients whose pain keeps them from 
focusing, functioning, and sleeping, and 
often leads to depression and disability, 
where should they turn? 

For the device industry, the opioid 
epidemic is a compelling reason for cli-
nicians and patients to consider neuro-
stimulation therapies for pain that are 
already FDA-cleared and on the market. 
And there is another tailwind for devic-
es treating pain: back surgery is coming 
under increased scrutiny by payors, who 
are questioning whether surgery is any 
more effective at relieving pain from 
lumbar degenerative disc disease than 
pain management alternatives (see 
“National Trends in the Surgical Treat-
ment for Lumbar Degenerative Disc Dis-
ease: United States, 2000-2009,” Spine, 
Feb. 1, 2015).  

This heightened attention comes at a 
particularly good time for manufactur-
ers of neuromodulation technologies. 
While spinal cord stimulation (SCS) has 
been around for 40 years, in the past 

five years, the field has advanced rapidly 
because of the influx of new science and 
new technologies. These advances will 
cause the SCS market for chronic pain to 
growh by 15%-20% over the next three 
years, according Vijay Kumar, a manag-
ing director at Evercore ISI.

Teachable Moment for the 
Medical Device Industry 

Despite the availability of SCS devices 
from five manufacturers—Medtronic 
plc, Abbott Laboratories, Boston Scien-
tific Corp., Nevro Corp., and Nuvectra 
Corp.—penetration of the spinal cord 
stimulation market in its approved pain 
indications—back and leg pain—is less 
than 10% (see Figure 1). Often-cited bar-
riers include the high cost of SCS—the 
devices are priced around $30,000—and 
the fact that the therapy involves place-
ment, by surgery, of a permanent im-
plant. But those aren’t the chief reasons 
why the market is underpenetrated. First 
of all, many patients who are eligible for 
SCS are not strangers to surgery, having 
already undergone many failed or tem-
porary procedures—multiple back sur-
geries and repeated interventional pain 
procedures such as corticosteroid injec-
tions and radiofrequency nerve abla-
tion—and are racking up costs of chronic 
drug therapies and other healthcare ex-
penditures. And many analyses suggest 
that SCS is cost-effective over time, com-
pared with drug therapies.  

The chief hurdle for greater penetra-
tion is lack of awareness and the need to 

Opioid Crisis Reframes Device Market  
for the Treatment of Pain
The opioid crisis has created heightened awareness, among physicians and patients,  
of the need to find alternatives to drugs for the treatment of chronic pain, and much 
 of the focus in the medtech world is on neurostimulation devices. This is happening just as device 
companies are garnering a new understanding of mechanisms of action to improve spinal cord 
stimulation, and also are incorporating digital health tools to create more objective bodies of data  
on the efficacy of such approaches. 

by 
MARY STUART

TECHNOLOGIES TO WATCH: NEUROMODULATION

https://www.innovationinmedtech.com/about-us/analyst-team/


MEDTECH STRATEGIST                                                                                                                                                   © 2018 Innovation In Medtech, LLC. All rights reserved.

42 TECHNOLOGIES TO WATCH: NEUROMODULATION

educate patients and providers about 
this non-drug alternative for the treat-
ment of pain, according to Allen Burton, 
MD, Medical Director, Neuromodula-
tion, Abbott Laboratories. A lot of it has 
to do with referral patterns—patients 
with chronic pain are in the care of gen-
eral practitioners, orthopedic surgeons, 
neurologists, oncologists, and physical 
therapists, for example. These referring 
clinicians aren’t always aware of today’s 
device therapies for pain. “They might 
have heard about it, but think ‘It’s like 
TENS [Transcutaneous Electric Nerve 
Stimulation], and I already recommend 
that to my patients.’ Or they might 
have treated a patient with spinal cord 
stimulation only once, 15 years ago, 
and had an unsatisfactory experience,” 
he says. While most pain specialists are 
aware of the latest neurostimulation 

options, many eligible patients are not 
getting referred to them. “There are is-
lands of patients out there who could 
be treated effectively with this therapy 
but simply haven’t been offered it.” 

Thus, the opioid crisis has created an 
opportunity for the medical device in-
dustry to get the word out about non-
drug alternatives for chronic pain. And, 
it’s happening at a time when the pace 
of innovation in a decades-old indus-
try has recently advanced spinal cord 
stimulation in three specific areas: a 
greater understanding of mechanisms 
of action, which has led to efficacy 
improvements in therapy (new stimu-
lation paradigms); hardware improve-
ments that address the issues of older 
SCS systems (for example, lead migra-
tion, large size of implanted devices); 
and finally, technologies that help 
push the field towards hard evidence 
of the efficacy of neurostimulation for 
pain, such as mobile devices, which 
provide a new opportunity to gather 
more objective evidence from patients 
on the efficacy of their pain therapy. (In 
this article, we’re speaking strictly of 
spinal cord stimulation; in an upcom-
ing issue of MedTech Strategist, we 
will address peripheral nerve stimula-
tion for pain and other technological 
improvements to pain neurostimula-
tion platforms that are, today, largely 
the domain of start-ups.)

Mechanisms of Action: 
Towards a Drug-Like 
Precision 

Since 2015, a number of SCS devices 
with novel stimulation paradigms have 
entered the market, and the field is 
adopting an (almost) pharmaceutical-
like focus on mechanisms of action, 
dosing, and combination therapies 
(although here the term “mechanism 
of action” refers to the way certain 
electrical waveforms or combinations 
of waveforms influence nerves). In the 
process, these advances are beginning 
to prove that they can help patient 
groups that haven’t previously been 
amenable to spinal cord stimulation. 

For decades, neurostimulation thera-
pies have delivered tonic stimulation, 
that is, waveforms in which pulses are 
delivered at a consistent frequency, 
pulse width, and amplitude. The goal 
is to mask pain signals by providing 
the patient with a sensation of pares-
thesia (i.e. a tingling feeling). This one-
size-fits-all stimulation paradigm works 
extremely well for many patients, al-
though for some it works only for a 
time before their body accommodates 
to the signal and they experience pain 
again. Some patients don’t like the 
sensation of paresthesia, a constant 
reminder of their implantable device, 
and others don’t respond well or at all 
to tonic stimulation. It’s to be expected 
that no single set of stimulation param-
eters would apply to a diverse group of 
patients with chronic pain from various 
etiologies and in whom tolerance to 
pain also varies greatly from one pa-
tient to another, but that has been the 
state of the art for many years. 

Until recently, no large randomized 
clinical trials had been performed with 
SCS, so it has been difficult to determine 
its effectiveness for different types of 
chronic pain. It turns out that efficacy 
rates for tonic stimulation are far from 
perfect in its approved indications, with 
only about 36% of patients with low back 
pain receiving a reduction in pain of 50% 
or more at two years, and less than 43% 
of patients with leg pain achieving that 
level of pain reduction. This data comes 
from Senza-RCT, the first large random-
ized controlled trial to study patients 
randomized to two types of simulators: 
one that provided tonic stimulation, and 
the other Nevro’s new HF10 therapy. 

Nevro’s HF10 therapy, launched fol-
lowing FDA approval in 2015 as the 
Senza spinal cord stimulation system, 
applies high-frequency (10,000 Hz), 
short-duration, and low-amplitude puls-
es to the spinal cord, whereas traditional 
SCS delivers low-frequency (30-100 Hz) 
pulses of longer duration and higher 
amplitude. According to the results of 
the randomized clinical trial, Senza was 
twice as effective at treating low back 
pain and one and a half times more ef-

Source: Nuvectra, presenting at JP Morgan in 
January 2018  

Figure 1

Spinal Cord Stimulation Market    

(1) Market share last twelve months as of Sept. 30, 2017; 
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fective at treating leg pain, compared 
to conventional SCS. The company es-
timates that this advantage will grow a 
$2 billion SCS market for chronic pain (as 
of 2017), which is based largely on the 
treatment of leg pain, to $2.7 billion by 
2020. To the original point about opioid 
use, Nevro’s Senza-EU trial demonstrated 
that after two years on HF10 therapy, the 
number of patients not on opioids had 
tripled, while there was an overall reduc-
tion of almost 70% in the opioid dose. 

In October 2016, St. Jude Medi-
cal (now part of Abbott Laboratories) 
gained FDA approval for its new stimu-
lation paradigm, BurstDR, now part of 
its Proclaim  MRI SCS. Burst delivers 
five pulses at a higher frequency (500 
Hz) and lower amplitude than tonic 
stimulation, and these are followed by 
periods of quiescence (pulse-free peri-
ods). Bursts are repeated 40 times per 
second. Abbott’s Burton notes that the 
BurstDR stimulation mode was devel-
oped by a neuroscientist looking at the 
way the brain communicates with the 
nervous system—that is, burst pulses 
were designed to mimic natural nerve 
firing patterns. “Burst is speaking the 
language of the nervous system and 
dampening the pain signals, not just 
covering them up,” Burton says. 

The SUNBURST study, a prospective, 
randomized multicenter study that en-
rolled 100 patients from 20 centers in 
the US, relegated patients to 12 weeks 
of tonic stimulation followed by 12 
weeks of burst therapy (or both thera-
pies in the reverse order). Investigators 
reported that BurstDR achieved both 
noninferiority and superiority in terms 
of pain relief; 89% of patients experi-
enced a reduction in paresthesia, with 
61% reporting no paresthesia, and 70% 
of patients in the study preferred burst 
over tonic stimulation. In a subsequent 
32-patient sub-study, in which stimula-
tion parameters were optimized based 
on the needs of individual patients, 59% 
achieve a 60% reduction in their pain 
score, and 91% were paresthesia free. 

Today, pain clinicians have many ways 
to tailor stimulation to particular pa-

tients at particular times, and recently 
launched SCS platforms offer multiple 
stimulation parameters and improved 
programming interfaces to help clini-
cians find what works for patients. 
For example, the Spectra WaveWriter 
spinal cord stimulator from Boston Sci-
entific, approved in January 2018, can 
deliver both paresthesia-based and 
sub-perception therapy (no paresthe-
sia) and allows patients and physicians 
to customize therapy. Similarly, Nu-
vectra’s Algovita SCS, approved in late 
2015, also allows physicians to easily 
customize stimulation parameters (am-
plitude, frequency, and pulse width) 
and offers patients four stimulation 
modes—high fidelity tonic, burst, ultra-
high pulse width, and high frequency 
(up to 2000 Hz)—with the ability to 
toggle between therapy settings using 
a small, hand-held controller. 

The new Intellis SCS platform from 
Medtronic, which was approved by the 
FDA and launched in September 2017, 
balances high-dose (up to 1200 Hz) and 
low-dose (tonic) therapy settings, and 
Medtronic has continued to validate 
its efficacy in a study, led by principal 
investigator Michael Verdolin, MD. At 
the most recent meeting of the Ameri-
can Society of Regional Anesthesia, 
Verdolin presented on a cohort of 87 
patients, finding that 69% of patients 
had an average improvement of 75% 
in their pain score during the one-week 
trial period. 

Indeed, long-term data from clinical 
trials has become the most important 
driver of market share shift, according 
to a physician survey on spinal cord 
stimulation by Evercore ISI, which finds 
surgeons looking to one- and two-year 
clinical trial outcomes to inform their 
buying decisions. 

New Mechanisms  
Open Up New Markets 

The introduction of therapies with 
new mechanisms of action has the po-
tential to expand treatments to other 
types of pain. Nevro, for example, is 
studying the use of HF10 in neck pain, 

upper limb pain, peripheral neuropath-
ic pain, and abdominal pain.  

Abbott has the market to itself in dor-
sal root ganglion (DRG) stimulation, with 
US FDA approval for its Proclaim DRG 
neurostimulator (gained in 2016), which 
allows the therapy to treat moderate to 
severe chronic intractable pain of the 
lower limbs in adult patients with com-
plex regional pain syndrome. 

Complex regional pain syndrome is a 
type of chronic pain that arises from a 
trauma or surgery that damages a periph-
eral nerve. Long after a broken ankle or 
surgical incision has healed, pain persists. 
This type of chronic pain is caused by a 
kind of failure of the pain “off switch,” 
notes Burton. At each level of the spinal 
cord where the peripheral nerves hook 
in, there is a structure called the dorsal 
root ganglia. In chronic pain patients, 
primary sensory neurons continue to 
fire erratically and pathophysiological 
changes can be observed in those cells, 
Burton explains. Over the program’s ten 
year development cycle, the company 
found that by placing a small stimulation 
lead specifically over the affected DRG to 
deliver an extremely low-dose electrical 
field, pain signals were stopped.  

ACCURATE, the largest randomized 
controlled neuromodulation trial to 
study complex regional pain syndrome, 
found that Abbott’s DRG stimulation 
therapy met its primary endpoint of 
both noninferiority and superiority to 
traditional SCS at three months, with 
results sustained at 12 months. DRG 
provided effective pain relief in 74.2% 
of patients, as compared to only 53% 
of the patients treated with traditional 
SCS. An interesting side effect was also 
noted: many patients reported an im-
provement in their mood. 

In Europe, Abbott is studying several 
indications for DRG stimulation that are 
presently outside the scope of the US 
approval, and Burton says these stud-
ies will help the company determine 
which label expansions to focus on in the 
US. According to a presentation St. Jude 
Medical made in 2015 (St. Jude Medical 
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NANS Investor and Analyst Meeting, 
December 11, 2015), among these pos-
sible future indications are chronic pain 
following hernia surgery, total knee re-
placement, cardiac surgery, lower ex-
tremity amputations, thoracotomy, to-
tal hip replacement, Cesarean section, 
and mastectomy. 

“This is complementary to the burst 
therapy, which works on the spinal cord 
to communicate with the brain, and on 
really broad areas of pain like the back,” 
says Burton. In the case of a crushed 
ankle or foot pain, for example, he notes 
“Generally that pain is tracking through 
one dorsal root ganglion in the body. By 
putting a wire over that particular DRG, 
you are able to turn those signals off in a 
local way.” DRG stimulation is “a specific 
treatment for different kinds of ana-
tomically located pain that is well local-
ized or compartmentalized,” he adds. 

Healthtech Enables 
More Objectivity in Pain 
Measurement 

The measurement of pain has al-
ways been subjective. Although patient 
questionnaires have gotten more so-
phisticated than the Visual Analog Scale 
of the past (“On a scale of 1-10, how is 
your pain today?”), developers of pain 
therapies still wish there were diagnos-
tics or markers for pain. These are in the 
works, and we’ll be discussing two com-
panies operating in this space in Part 2 
of this article next month. 

The need is especially great at this 
juncture in the SCS industry, given the 
possibility of tailoring a wider variety 
of stimulation parameters to an indi-
vidual patient and the need to track 
what works. Many companies recog-
nize an opportunity with digital health 
tools to augment the unreliable self-
reporting of patients with more func-
tional assessments based on activity 
levels and body positioning, which can 
be accurately tracked. 

Burton notes that Abbott is tracking 
patient outcomes, a goal that is enabled 
by its incorporation of Apple mobile 

technologies into its pain neurostimu-
lation products. “The patient gets an 
Apple hand-held device and they com-
municate via Bluetooth with their in-
ternal implant. With that Apple device 
we are exploring a number of different 
applications that will help with disease 
tracking.” Those apps can track a variety 
of different things, including overall pa-
tient well-being, medication usage, and 
activity level. The company is also ex-
ploring apps that help patients do some 
simple troubleshooting if things seem 
to go awry, to determine if the battery 
is viable, for example, or if the lead con-
tinues to be in the right spot. 

Medtronic’s Intellis platform with the 
Evolve workflow is the only SCS current-
ly on the market that contains an accel-
erometer. It can sense seven different 
positions and how frequently a person 
changes between positions. With that, 
says Medtronic’s Marshall Stanton, MD, 
Senior VP and President, Pain Therapies 
Business, a physician can do a number 
of things. “Number one, they are able 
to document a patient’s progress over 
time. Are they more active? Do they 
have better sleep patterns?”  

It also allows physicians to set goals 
with patients. The clinician might say 
“Your device is going to see how active 
you are, so let’s plan on having you go 
to the mall and walk for 15 minutes 
three times a week.” When the patient 
comes back in a month, the doctor 
can see whether there has been real 
progress or not. It often happens, says 
Stanton, that patients will continue 
to report high levels of pain, without 
realizing that they have become more 
active because of their pain relief. It’s 
important for patients to recognize 
progress, because that encourages en-
gagement with their care. “That’s the 
importance of moving to functional 
outcomes, rather than pain scores,” 
says Stanton. 

The Role of Technology in 
Moving the Field Forward 

Stanton notes that the Intellis SCS 
stores, inside the implanted device, 

an X-ray image depicting lead place-
ment at the time of the initial surgery. 
That way, if a patient experiences an 
increase in pain, physicians can inter-
rogate the device to see if it’s because 
the leads have moved.  

Indeed, the latest generation SCS de-
vices have done much to address the 
weaknesses of earlier SCS platforms. 
Lead migration is one, and Nuvectra 
has introduced a stretchable lead that 
is less prone to fracture and migration. 
With Intellis, Medtronic has profited 
from its in-house battery development 
group to offer the smallest recharge-
able SCS system in the market. A small-
er device has surgical advantages—a 
smaller pocket under the skin can pro-
vide comfort advantages for patients. 
Stanton also notes that the battery 
charges much faster than previous bat-
teries; from completely empty, it fully 
charges in an hour or less. “That’s valu-
able because a lot of the new ways of 
delivering spinal cord stimulation drain 
batteries fairly rapidly,” he says. 

These are only a few examples of re-
cent innovations introduced by medi-
cal device companies that dominate 
the SCS market, which certainly have 
the scale and experience to continually 
solve the technical challenges of SCS. 

Smaller companies, which are re-
vamping neurostimulation platforms, 
might argue that some of these hard-
ware improvements are incremental 
advances on a very old platform that 
grew from pacemaker technology. 
These small companies have taken 
on the role of creating new platforms 
for peripheral nerve stimulation for 
chronic pain, or highly miniaturized 
platforms good for both spinal cord 
and peripheral nerve stimulation, en-
abled by new ways of delivering power 
to stimulators. We’ll explore them in 
the second part of this article. 

“It's a great time to be in the field of 
managing chronic pain,” says Marshall 
Stanton, “because we have a lot of op-
tions now, and the field is changing. It 
is very dynamic.”    
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When liquid biopsies first came on the mainstream global 
scientific scene nearly a decade ago, their potential as clinical 
tools seemed far-fetched, almost something Jules Verne would 
have cooked up. The term liquid biopsy, coined in 2010 by Eu-
ropean researchers Klaus Pantel, MD, PhD, and Catherine Axis 
Panabiere, PhD, referred to the use of minimally invasive blood 
samples to look in the blood for cancer cells from tumors or 
fragments of tumor-derived DNA (see Figure 1).

While the techniques vary, the concept has lots of appeal—
blood-based cancer biomarkers promise at a minimum not 
only greater patient convenience and comfort than standard 
tissue-based biopsies and imaging tests, but also the ability to 
sequentially monitor patients who have cancers that originate 
in difficult-to-reach organs or those with a very limited tissue 
supply, or cancers that elude early detection using current di-
agnostic tools. If they could be proven to work with a high de-
gree of accuracy, liquid biopsies would be a good, and perhaps 
disruptive, cornerstone in the effort to achieve scalable preci-
sion medicine for individuals. 

The hurdles seemed almost insurmountable, however. 
Designing tests that achieve the right balance of sensitivity 
and specificity to make data-driven oncologists comfortable 
enough with the results to use them for treatment decisions 
is always a highly fraught goal, and the technology at the time 
was comparatively crude. Even if the clinical development 
work succeeded, the odds seemed to defy the challenges of 
refining appropriate tools to meet the demands of medicine, 
including ease of use, fast turnaround time, reliability, cost ef-
fectiveness, and all the features that go into making a clinically 
useful diagnostic test. 

The earliest inroads into modern liquid biopsy techniques 
were achieved in the field of noninvasive prenatal testing 
(NIPT), with the introduction of highly sensitive tools for iden-
tifying fetal cells in maternal blood; this is still by far the largest 
market for liquid biopsies and, according to Canaccord Genuu-
ity equity research, a $2.5 million market opportunity in the 
US alone. Success there demonstrated the feasibility of ultra-
specific and sensitive assays, but the specs associated with the 
NIPT tests were hardly good enough for oncology.

Several years later, the scientific and medical worlds have 
made massive strides, faster than many believed possible. An 
influx of funding from traditional and non-traditional investors 
has energized entrepreneurs and top translational research 
scientists. But identifying oncology-related blood components 
early enough to impact treatment remains a scientific chal-
lenge of Himalayan proportion—and while the first liquid bi-
opsies for oncology began hitting the market a few years ago, 
controversy continues around quality of the supporting data. 
Expert panels from two leading medical societies, ASCO and 
CAP, commented forcefully on the state of affairs in a March 5 
position paper in The Journal of Clinical Oncology, entitled “Cir-
culating Tumor DNA Analysis in Patients with Cancer: American 
Society of Clinical Oncology and College of American Patholo-
gists Joint Review.” (http://ascopubs.org/doi/full/10.1200/
JCO.2017.76.8671) 

Based on a full-text literature review of more than 400 ref-
erences, the multidisciplinary mix of panelists concluded that 
while enthusiasm runs high for circulating-tumor DNA (ctDNA), 
and these assays could play a future role in treatment of patients 
with cancer, their deployment in routine clinical practice in most 
cancers is premature. “There is little evidence of clinical validity 
and clinical utility to support widespread use of ctDNA assays 
in most patients with advanced cancer, with the exception of 
those with demonstrated clinical utility or those with regulatory 
approval,” the authors write, concluding with recommendations 
for more robust research in this fast-moving field. While the pa-
per isn’t likely to temper the optimism of current advocates, 
the gist of its message is ‘go slow, there’s more work to be 
done here before we can trust most of these tests,’ a stance 
that some industry executives characterize as “very cautious.”  

That said, the scientific and business communities continue 
to accumulate data, with more results expected to become 
public in 2018. Upcoming medical meetings like the AACR and 
ASCO, in mid-April and late May, respectively, will feature re-
sults from numerous liquid biopsy clinical trials. Commercial 
progress is also coming, albeit against remaining hurdles. 

Perhaps most impactful in the near- to mid-term, albeit in 
ways that are still being sorted, is a long awaited final nation-
al coverage decision (NCD) by the Centers for Medicare and 

Liquid Biopsies: At an Inflection Point?
Clinical diagnostics are ground zero for precision medicine initiatives, which are 
rapidly making their way into mainstream medicine, and within this field, nowhere is 
investor interest higher than in the scientifically burgeoning field of liquid biopsies. As the  
body of evidence grows, developments in 2018 could further clarify both the medical potential 
and likely commercial leaders in the space—although this understanding comes with caution,  
as evidenced by the just released ASCO/CAP joint review of the field.

by 
WENDY DILLER

TECHNOLOGIES TO WATCH: CLINICAL DIAGNOSTICS

mailto:w.diller%40medtechinno.com?subject=
http://ascopubs.org/doi/full/10.1200/JCO.2017.76.8671
http://ascopubs.org/doi/full/10.1200/JCO.2017.76.8671


MEDTECH STRATEGIST                                                                                                                                                   © 2018 Innovation In Medtech, LLC. All rights reserved.

46

Medicaid Services (CMS), published March 16, which sets the 
stage for more predictable reimbursement for next-generation 
sequencing clinical test panels (NGS), including NGS-based liq-
uid biopsies. Companies are still digesting the full implications of 
the decision, which differs in some significant ways from a draft 
recommendation released in November 2017. 

Liquid biopsies currently use a mix of analytical technolo-
gies, most notably NGS, which is comprehensive, and digital 
PCR (ddPCR); the latter is much cheaper than NGS, but also 
better suited for single gene analysis or small panels. Cur-
rently, none of the NGS liquid biopsy tests on the market for 
clinical applications have FDA approval. However, one conse-
quence of the NCD is clear. Because it guarantees Medicare 
reimbursement for FDA-approved NGS panels for treating cer-
tain advanced cancer patients, more liquid biopsy companies 
are likely to be interested in NGS versus other methods, and 
those with NGS-based tests are likely to seek FDA approval—

and adhere to more stringent 
data requirements—rather than 
position their tests as laboratory-
developed tests (LDTs) that do 
not need the more onerous FDA 
green light to come to market. 

A Dizzying Number  
of Players

Meanwhile, work on oncol-
ogy liquid biopsies has thun-
dered along, setting the stage for 
early regulatory, financial, and 
clinical advances. In 2014, one 
of the most aggressive players, 
Guardant Health, launched the 
first major brand into the clinic, 
Guardant360, for use determin-
ing appropriate drug treatment 
in several cancer types. The com-
pany has raised more than $500 
million from investors as of Feb-
ruary 2018. It won’t disclose rev-
enues, but Guardant says that as 
the market leader in the field, it 
ran 32,000 tests in 2017, up 52% 
from the previous year’s total of 
21,000, and it has received orders 
from more than 4,000 oncolo-
gists, according to Canaccord Ge-
nuity analyst Mark Massaro, who 
met with the CEO Helmy Eltoukhy 
at the JP Morgan Conference ear-
lier this year. 

Perhaps the most publicly vis-
ible move came in 2016, when a group of high-profile investors, 
led by Illumina Inc., raised nearly $1 billion to form Grail, an am-
bitious, tech-fueled start-up aimed at finding a blood-based assay 
that can facilitate cancer detection at the earliest stages, when it 
can be cured. Despite traditional scientific caution around such 
loftly goals, the enthusiasm behind Grail has been enormous, 
with leading investigators and tech entrepreneurs signing on to 
join or advise the company in a variety of capacities. 

Grail, which merged a year ago with Hong Kong-based Cirina, 
an NIPT services company, is planning to launch its first test, 
a screen for nasopharyngeal cancer, later this year in Hong 
Kong, which it cites as an attractive market due to the high 
incidence of the disease (particularly in middle-aged men), 
and its more lenient regulatory environment (based on a CLIA 
and CAP model, there is no FDA), according to Massaro; Cirina 
co-founder and NIPT pioneer Dennis Lo, MD, PhD, is a profes-
sor of chemical pathology at the Chinese University of Hong 
Kong. It also has enrolled 10,000 subjects in a genome atlas 
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project, the Circulating Cell-Free Genome Atlas Study (CCGA), 
and plans to complete enrollment this year in its 120,000-pa-
tient, all-female STRIVE study, which is evaluating a blood test 
for early detection of breast cancer (and potentially related 
cancers). Rumors are the company is preparing to list an IPO 
on the Hong Kong market.                                               

A regulatory hallmark occurred nearly two years ago, in June 
2016, when Roche Molecular Systems received the first FDA 
approval for a liquid biopsy test linked to a targeted therapy. 
The cobas EGFR Mutation Test v2, a real-time PCR test, identi-
fies 42 mutations in exons 18, 19, 20 and 21 of the epidermal 
growth factor receptor (EGFR) gene, including the T790M re-
sistant mutation. It is indicated for treatment stratification of 
advanced lung cancer patients, to determine who is likely to 
respond to targeted therapies. While it can be used with plas-
ma or tissue samples, many of the patients the test targets are 
too ill for tissue biopsies.  

This test remains the only FDA-approved liquid biopsy linked to 
a drug to date, and Roche hasn’t disclosed sales. But Roche may 
soon have another competitor, as Guardant’s Eltoukhy says that 
his company’s priority this year is to submit its Guardant360 pan-
el for approval under the new Expedited Access Pathway, which 
enables parallel FDA and CMS review (Foundation Medicine was 
first ever to follow the EAP path; the FDA approval last November 
of its pan-cancer tissue-based companion diagnostic test that led 
to the simultaneous NCD decision). Guardant360 is being sold 
as an LDT that runs in Guardant’s CLIA-approved labs, but the 
company recognizes the probability of increased regulatory over-
sight of LDTs. If successful, the Guardant 360 assay could be the 
first FDA-approved comprehensive liquid biopsy; the Roche test 
focuses on a particular target. 

A study conducted by DeciBio, a life sciences consulting firm, 
and presented in February at the 2018 Advances in Genome 
Biology and Technology (AGBT) meeting, estimates that more 
than 60 companies are currently active in liquid biopsies. 
DeciBio combined five metrics to determine the top players 
(funding, published research, current and pipeline products, 
engagement and workforce size), which include Grail, Guardant 
Health, Biocartis, Pathway Genomics, Exact Sciences, Natera, 
NeoGenomics, Qiagen, Exosome Diagnostics, and Myriad Ge-
netics (see Figure 2). 

“The current market consists of a dizzying number of compa-
nies, with a variety of applications, targeted cancer types, and 
technologies,” the consultants wrote. “However, based on the 
potential liquid biopsy volumes and profitability analysis, we 
believe that a market shakedown is imminent, and there are 
only volumes to support a dozen companies. To date, strong 
marketing tactics have been effective in the initial adoption 
phase, and customers have demonstrated strong resistance 
to switching. However, the question of which companies will 
remain successful in the long term is yet to be determined.”

The field is moving so rapidly, however, that the ultimate suc-
cess stories are yet to play out. Canaccord’s Massaro narrows 
the strongest contestants to less than a dozen, in no particular 
order, citing Grail, Guardant Health, Natera, and Foundation 
Medicine (FMI) as likely winners, along with some promising 
smaller contenders that have “solid content.” 

Also, worth tracking, says Massaro, are smaller companies 
like Personal Genome Diagnostics (PGDx), a spin out from 
Johns Hopkins University; Epic Sciences; and Biodesix, although 
their leadership roles are yet to be determined, he adds. Other 
contenders with leading scientists on board and solid financial 
cushions are Inivata and Exosome Diagnostics, both of which 
have robust financing, if not on Guardant and Grail’s scale, and 
products on the market. (See “Liquid Biopsy Player Exosome 
Diagnostics Swings into High Gear,” The MedTech Strategist, 
May 15, 2015, “Personal Genome Diagnostics: One-Stop Can-
cer Genome Testing,” The MedTech Strategist, April 15, 2016, 
and “Oncology Companion Diagnostics: Growth and Growing 
Pains,” The MedTech Strategist, March 31, 2017.)

Rapid Advances Take a Toll
Experts are optimistic about the clinical potential of liquid 

biopsies, with DeciBio estimating a five-fold increase in vol-
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Figure 3

Clinical Liquid Biopsy Volumes are Growing  

Source: DeciBio Consulting poster presentation at the February 2018 Advances in Genome Biology and 
Technology meeting.

*Analysis based on interviews with 30 laboratory and oncology experts by the consulting firm DeciBio

• Current use of liquid biopsies is largely limited to advanced, 
metastatic cancer patients, patients who cannot undergo a tissue 
biopsy, or patients enrolled in clinical trials

• As the poster child of molecular oncology testing, lung cancer 
dominates current liquid biopsy volumes, and is expected to see 
continued increase in the future

° A significant portion of current lung cancer volumes seems to 
be attributed to resistance detection via q/dPCR, but volumes 
for more comprehensive panels are expected to grow

• Utilization of liquid biopsy for other cancer types currently 
lags, due to relatively fewer druggable mutations or greater 
accessibility of tissue

° However, considering ongoing research, trials, drugs in 
development, interviewees expected colorectal and breast 
cancers to see increased actionability, increasing utilization

Figure 2

Most-Recognized Liquid Biopsy Services

Source: DeciBio Consulting poster presentation at ABGT, February 2018

Familiarity with liquid biopsy service providers based on interviews 
with 30 experts

*Primary and secondary research put FoundationACT and Guardant360 as top 
services; this can be attributed to FMI’s brand name in molecular diagnostic, and 
Guardant’s reputation and history in liquid biopsy. Stakeholder high familiarity 
is defined as knowledge of specific product details; moderate familiarity is 
recognition of  brand product and company, but lacking details, and includes some 
soon-to-be launched products. Genomic Health has discontinued Oncotype SEQ.
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ume over next three years, driven by expanding adoption 
of lung cancer therapy selection. On the near-term horizon, 
top applications beyond lung are likely to be in colorectal 
and breast cancers, all for therapy selection in well-defined 
patient populations and disease states. Slightly further 
down the road are disease and treatment monitoring, and 
more specifically, drug resistance, with a longer-term goal of 
early detection and even possibly screening, as Grail hopes 
to attain (see Figure 3).

Some hurdles to development are being addressed with 
mixed success; among those cited in the DeciBio survey, the 
greatest hurdle is reimbursement uncertainty, followed by lim-
ited guideline inclusion, and proof of clinical utility. Detection 
capabilities, workflow standardization, and result actionability 
are lesser challenges than they were in the past, although they 
are by no means resolved, particularly for certain applications 
such as minimal residual disease and early detection.  

A session at the Molecular Medicine Tri Conference in San 
Francisco in February also underscored the state of the field, 
which speakers characterized as “progressing in baby steps.” 
Proteomic markers for early detection have been largely in-
effective, but ctDNA seems fundamentally different because 
it allows the identification of tumor-specific mutation sig-
natures in the blood, which seem to be highly specific and 
should yield fewer false positives, said Abhijit Patel, MD, 
PhD, an associate professor of therapeutic radiation at Yale 
University, who noted that “very few healthy people are 

walking around with KRAS mutations in their blood. If an 
assay is developed that has sufficiently low technical noise, 
you should be able to do this.” But he cited the many chal-
lenges to this area, which he classified into three buckets: 
technical, biological and practical, citing, for example, the 
ongoing difficulty of amplifying small fragments and the 
presence of large quantities of wild-type DNA, which is the 
normal circulating DNA that confounds detection. 

The rapid pace of innovation and the emergence of intense 
competition is inevitably taking a toll. Genomic Health Inc., a 
pioneer in the world of molecular diagnostics, announced this 
winter that it is discontinuing its Oncotype SEQ liquid biopsy 
test as well as future investment in internal liquid biopsy and 
NGS test development. It is, however, continuing to work in 
the field through partnerships, including one with Biocartis 
to market the latter’s Idylla platform. It also has a new col-
laboration with Epic Sciences to market Epic’s novel liquid 
biopsy AR-V7 ctcDNA test, which helps doctors determine if 
their advanced prostate cancer patients are best treated with 
higher priced androgen-directed (AR) therapy or much lower 
cost chemotherapy. The companies anticipate a broad launch 
for this test in 2018. 

Grail, which catapulted to the head of the field due to its 
healthy financing, has seen some management turmoil, which 
may subside with the arrival of new CEO Jennifer Cook, who pre-
viously headed clinical operations at Roche Pharmaceuticals. 

The ASCO/CAP literature 
survey also adds a note of 
caution for the field. Al-
though it is not meant to 
be a guideline, it concludes 
that while molecular strati-
fication is ready for prime 
time, with good evidence 
to help patients, the assays 
differ, and it is early in our 
understanding of which 
are best, says Clive Morris, 
CMO of Inivata. As a gen-
eral rule, comparing the 
available assays is very dif-
ficult because the methods 
of assessment aren’t stan-
dardized. As more compa-
nies take the FDA route, 
the datasets will become 
more consistent, Morris 
notes, but right now that is 
not the case.  
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The current stand-out performer 
within the ophthalmic surgical device 
market is micro-invasive glaucoma sur-
gery (MIGS), which continues to be a 
leading source of growth and innova-
tion, with one important new product 
introduced in 2017 and two key ex-
pected FDA approvals in 2018. Other 
market segments, by comparison, are 
not as dynamic, although they are 
growing at historical levels. Innovation 
in the largest ophthalmic surgical mar-
ket segment, intraocular lenses (IOLs), 
for example, is expected to be mostly 
incremental over the near-term, with 
no truly disruptive new products likely 
to be launched this year. Similarly, in 
the field of cataract surgery equipment 
and instrumentation, the buzz around 
femtosecond laser-assisted cataract 
surgery (FLACS)—which consumed this 
space for several years—has now qui-
eted (in large part due to cost-benefit 
concerns) and growth has slowed over 
the past year. Meanwhile, the emerg-
ing field of corneal inlays for presbyopia 
experienced a series of substantial set-
backs during the early weeks of 2018, 
demonstrating the market challenges 
that can face device innovators of all 
stripes—even those with FDA-approved 
products and solid funding. 

IOLs: Incremental 
Technology Advancement 
Expected Near-Term

Premium IOLs, including toric IOLs 
that correct astigmatism and presby-
opia-correcting IOLs (PC-IOLs) that pro-
vide an extended range of vision, have 
been the primary source of IOL innova-
tion for nearly two decades. However, 
US market penetration of premium 

IOLs, the added cost of which is paid for 
out-of-pocket by patients, has remained 
relatively flat in recent years, in the mid-
single digits for PC-IOLs and high-single 
digits for toric IOLs.

Over the past two years, first-genera-
tion multifocal IOLs (MF-IOLs) have been 
largely supplanted by a new generation 
of MF-IOLs with lower add-powers, and 
by extended depth-of-focus (EDOF) 
IOLs, most notably the TECNIS Symfony 
EDOF-IOL from Johnson & Johnson Vi-
sion (J&J obtained the TECNIS Symfony 
when it acquired Abbott Medical Optics 
in September 2016 for $4.3 billion cash). 
This is the first FDA-approved EDOF-IOL, 
a new class of IOL that transmits light 
over a range of distances, creating an 
elongated focus, rather than splitting 
the light to create a second focal point, 
as first-generation MF-IOLs do. The aim 
is to provide sharp vision at near, inter-
mediate, and far distances while reduc-
ing the glare and halo that often plague 
MF-IOL users, although some studies 
suggest the benefits of EDOF-IOLs may 
be more limited than many had hoped. 
Outside the US, trifocal IOLs have be-
come a preferred MF-IOL option; lead-
ing products in this category include the 
AT LISA tri from Carl Zeiss Meditec AG 
and FineVision from PhysIOL SA. All of 
these lenses aim to provide better inter-
mediate vision and overall quality of vi-
sion than the first-generation MF-IOLs.

Despite recent improvements, MF- 
and EDOF-IOLs always involve some 
level of visual compromise because, as 
mentioned, they work by splitting light 
into different focal points or by elongat-
ing the area of focus. For this reason, 
accommodating IOLs (AIOLs) have long 
been considered the holy grail, provid-

ing high quality optics over a continu-
ous range of focal lengths. The most 
advanced AIOL under development is 
the FluidVision 20/20 lens from Power-
Vision Inc. Alcon, a Novartis Inc. com-
pany, has made an investment in Pow-
erVision, with an option to acquire the 
company, and is funding development. 
This lens is delivering over 2 diopters of 
accommodation in multicenter clinical 
trials outside the US, and a US pivotal 
trial could begin next year. 

Late last year, RxSight Inc. (formerly 
Calhoun Vision) received FDA approval 
for its novel Light Adjustable Lens (Rx-
LAL), which offers the ability to adjust 
and personalize the refractive power 
of the IOL post-operatively using an 
in-office light treatment. A near-term 
commercial launch is not expected; the 
company is building infrastructure and 
working with the FDA on a post-approv-
al process. Global commercial plans will 
be communicated later this year.

Cataract Instrumentation: 
Re-emergence of Simpler, 
Lower Cost Tools

During the first half of this decade, 
the emergence of femtosecond laser-
assisted cataract surgery (FLACS) was 
the highest profile development in the 
cataract market. Hundreds of lasers 
were placed annually on a global ba-
sis, at prices of $400,000 or more. Each 
procedure also requires a single-use 
patient interface kit, at a cost of $300 
to $350. The current penetration rate 
stands at about 10% of US cataract pro-
cedures. There remains, however, some 
controversy regarding how clinically 
significant the benefits of FLACS really 

Ophthalmic Surgical Device Market:  
A Mixed Bag
Micro-invasive glaucoma surgery (MIGS) is the stand-out performer in the 
ophthalmic surgical device market at the moment, leading the way both in terms of 
innovation and growth, while other segments are experiencing more incremental progress.

by 
MICHAEL 
LACHMAN
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are, particularly in light of the high cost 
of the technology. Largely due to these 
cost-benefit concerns, growth of FLACS 
has slowed over the past two years.

Two of the highest profile new prod-
ucts in cataract instrumentation are 
notably simpler and less expensive 
than FLACS technology. The Zepto Cap-
sulotomy System from Mynosys Cellu-
lar Devices Inc. is a single-use device 
that employs a collapsible nitinol ring 
element that is inserted through the 
corneal incision, centered on the ante-
rior lens capsule, and activated with an 
ultra-fast electrical discharge to create 
a strong 360-degree capsulotomy. The 
per-case cost of Zepto is about $165, 
and the technique does not disrupt the 
flow of the surgical procedure. Zepto 
received FDA clearance in mid-2017 
and is commercially available in the US, 
EU, and key Asian markets.

The miLOOP Lens Fragmentation De-
vice from IanTech Inc. is a single-use 
instrument that deploys a micro-thin 
nitinol filament to achieve controlled, 
full-thickness lens fragmentation for any 
grade of cataract while minimizing intra-
ocular ultrasonic vibrations from phaco-
emulsification. The device also helps 
surgeons achieve micro-polishing of the 
lens capsule for efficient removal of the 
cortex. The per-case cost of miLOOP is 
about $130. miLOOP was launched last 
year in the US and will be commercial-
ized in the EU later this year.

Corneal Inlays: Market 
Challenges Lead to 
Corporate Retrenchment

The first weeks of 2018 brought a se-
ries of important developments in the 
field of corneal inlays for the treatment 
of presbyopia. Together, the three lead-
ing corneal inlay companies have raised 
about $400 million in funding over a 
period of nearly 20 years; however all 
three faced severe challenges in recent 
months and one has discontinued op-
erations altogether. These develop-
ments serve as a reminder that even 
well-funded companies with top-level 

talent, huge addressable markets, and 
FDA-approved products are not im-
mune to the hurdles associated with 
building a new market segment. 

ReVision Optics Inc. (RVO), which 
obtained FDA approval for its Rain-
drop Near Vision Inlay in mid-2016, 
announced at the end of January that 
it was immediately discontinuing op-
erations. Company management cited 
greater than expected challenges in 
driving adoption and growing revenues. 
Two months later, in early March, Acu-
Focus Inc. announced that it was divest-
ing its KAMRA inlay in order focus on 
its small aperture, EDOF-IOL. Like RVO, 
AcuFocus has faced challenges in grow-
ing market penetration following FDA 
approval in 2015. The KAMRA inlay is 
being acquired by SightLife Surgical, 
which hopes to leverage its strong po-
sition in corneal surgery to market the 
inlay. The third inlay competitor, Presbia 
PLC, which is seeking FDA approval of 
its Flexivue Microlens inlay, announced 
management and operational changes 
in late 2017 to reduce the company’s 
cash burn rate.

All Eyes on MIGS
Meanwhile, micro-invasive glaucoma 

surgery, or MIGS, had another successful 
year in 2017 and is poised for continued 
growth and innovation ahead. Much of 
the current momentum in this field is 
being driven by market pioneer Glaukos 
Corp., which received FDA approval for 
its iStent MIGS device in 2012 and is ex-
periencing growing market acceptance. 
A series of anticipated new product in-
troductions, including two important po-
tential FDA approvals this year, have the 
potential to continue this growth trend 
over the next several years.

Investor interest in this segment has 
been high, and MIGS companies have 
experienced favorable financing and 
M&A activity, with one successful initial 
public offering (IPO) and three major 
acquisitions over the past three years. 
(See “Glaucoma Surgery’s Next Genera-
tion,” The MedTech Strategist, March 
18, 2017.)

The smallest implant ever approved 
by the FDA at just 1.0 mm in length, 
iStent is implanted during cataract sur-
gery to drain aqueous humor across 
the trabecular meshwork of the eye, 
from the anterior chamber into Sch-
lemm’s canal, helping to lower in-
traocular pressure (IOP) and reduce 
medication burden in cataract surgery 
patients who also have mild to mod-
erate glaucoma. The success of iStent 
has resulted from the confluence of 
three factors: good efficacy (patients 
can typically be taken off one glaucoma 
medication), a very clean safety profile, 
and favorable reimbursement. Over the 
course of 2017, Glaukos was faced with 
reductions in physician reimbursement 
by a number of Medicare contractors, 
but the reimbursement outlook ap-
pears to have stabilized.   

There remains a large untapped po-
tential for MIGS market growth. In 
2017, Glaukos reported revenues of 
$159 million, achieving approximately 
3% penetration into the 4 million cata-
ract procedures in the US. Given that 
15% or more of cataract patients also 
have glaucoma or ocular hypertension, 
MIGS has penetrated only about 20% 
of the concurrent cataract opportunity 
in the US. The large population of glau-
coma patients that are not undergoing 
cataract surgery represents an impor-
tant source of future market expansion 
(see Figure 1).

An array of new MIGS products has 
the potential to drive the next leg 
of market growth. Last year, Alcon 
launched and began to make competi-
tive inroads with the CyPass Micro-
Stent, which the company obtained 
when it acquired Transcend Medical 
Inc. This device, which is also approved 
for use during cataract surgery, em-
ploys a different mechanism of action 
than the iStent, draining fluid into the 
eye’s supraciliary space. Although there 
is the potential for greater IOP reduc-
tion with this approach, the safety 
profile is not as favorable compared to 
iStent and other trabecular bypass de-
vices. It remains to be seen how these 
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tradeoffs will play out in real-world clini-
cal use and ultimately affect the market 
shares of competing devices.

Two new MIGS devices are expected to 
receive FDA approval later this year, also 
for use during cataract surgery: the Hy-
drus Microstent from Ivantis Inc. and the 
iStent inject, a second-generation device 
from Glaukos. Both utilize the same tra-
becular bypass drainage pathway as the 
iStent and may provide greater IOP re-
duction. The Hydrus Microstent is a larg-
er, 8-mm long crescent-shaped, open-
scaffold stent that dilates Schlemm’s 
canal over three clock hours to facilitate 
fluid outflow. Glaukos’ iStent inject in-
cludes two 0.4 mm stents preloaded into 
an auto injection system, providing mul-
tiple outflow pathways and a simplified 
insertion technique.

The Glaukos pipeline features at least 
four additional products under devel-
opment. These include the iStent SA, a 
two-stent product similar to iStent in-
ject for use in a standalone procedure 
(that is, not limited to concurrent cata-
ract surgery), which could be approved 
in the 2020-2021 timeframe; iStent in-

finite, a three-stent product targeting 
advanced and refractory glaucoma that 
could be FDA-cleared (via the 510(k) 
process) in 2020 or 2021; and iStent 
SUPRA, a supraciliary drainage device 
that will compete directly with CyPass. 
Submission of the PMA for iStent SUPRA 
is expected by the end of 2019, and ap-
proval could come in 2020. Glaukos is 
also developing a novel implanted drug 
delivery device, iDose Travoprost, which 
will elute IOP-lowering medication over 
an extended duration. The Phase III trial 
for this device is expected to begin en-
rolling during the first half of this year, 
and FDA approval is targeted for the 
2022-2023 timeframe.

Allergan plc also has an FDA-510(k) 
cleared MIGS device, XEN Gel Stent, 
which has been on the US market since 
early 2017 and is indicated for glau-
coma that is refractory to prior surgery 
or maximum tolerated medical therapy. 
The company obtained the XEN Gel Stent 
when it acquired AqueSys Inc. in 2015. 
This 6-mm long device, made from a por-
cine derived gelatin material, shunts fluid 
from the anterior chamber to the sub-
conjunctival space, with the potential for 

even greater IOP lowering. Importantly, 
unlike products from other competitors, 
implantation of the XEN is not limited to 
concurrent cataract surgery.

A similar device, the InnFocus Micro-
Shunt, originally developed by InnFocus 
Inc., is under development by Santen 
Pharmaceutical Co. Ltd. (Santen ac-
quired InnFocus in July 2016). This device, 
which utilizes the same subconjunctival 
drainage pathway as the XEN, is made 
from the highly inert and durable SIBS 
material that has been used in coronary 
artery stents for over 15 years. The Inn-
Focus shunt is the only MIGS device that 
is undergoing an FDA trial randomized 
against the gold standard trabeculec-
tomy procedure, which could ultimately 
put the company in a position to be able 
to make claims against trabeculectomy. 
Santen is targeting FDA premarket ap-
proval in the 2020-2021 timeframe.  

Michael Lachman is president of EyeQ 
Research, which provides strategic ad-
visory and market research/analytics to 
the ophthalmic industry. He is a Contrib-
uting Writer for The MedTech Strategist. 
(Email: Michael@EyeQResearch.com)

Figure 1

Glaukos’ Take on an Expanding MIGS Market

Source: Glaukos Corp25 © 2018 Glaukos Corporation 
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In the United States, approximately one in 
every three babies is born via cesarean deliv-
ery, or C-section, an obstetric surgery involv-
ing an incision in the mother’s abdominal wall 
and uterus. Such procedures are suggested to 
avoid complications from risk factors typically 
detected in pregnancy or in labor, the most 
common being fetal distress from inadequate 
oxygen supply. Though C-sections can be pre-
planned, they are often performed as emer-
gency procedures based on the information 
received from the fetus and the mother just 
prior to delivery. Thus, this information must be 
as accurate as possible to alert clinicians when 
babies are truly in distress and to ensure that 
the surgery is necessary, in order to avoid extra-
neous costs and negative impact on the health 
of mothers and babies.

On average, a cesarean childbirth is around 
$4,000 more expensive than traditional vaginal 
birth, not to mention the nearly $28,000 more 
incurred in the first three months of the infant’s 
life (with intensive care unit stays, which are 
more likely following C-sections because of 
breathing issues arising from amniotic fluid in 
the lungs). According to a report from the World 
Health Organization, an estimated 6.2 million 
unnecessary C-sections were performed world-
wide in 2008, equating to a cost of $2.32 bil-
lion. When compared to the $432 million that 
all medically warranted cesareans accounted 
for, the urgent and global need for a reduction 
in C-sections is abundantly obvious. Further-
more, considering the added physical toll of 
surgery on mothers in labor, as well as dangers 
presented to fetuses, it’s especially crucial that 
every C-section performed be absolutely medi-
cally necessary for a safe birth.

“Nine out of ten of my wife’s friends had C-sec-
tions, and in many cases, they did not appear 
to be medically necessary,” explains Raydiant 
Oximetry CEO Neil Ray, MD, an anesthesiolo-
gist specializing in pediatrics and obstetrics. 
He continues that the acute emotional trauma 
associated with an emergency C-section, often 
a sharp deviation from an expected birthing 
plan, can contribute to post-partum depression, 
which is under-recognized and under-treated. 
There is also, as a result of C-section deliver-
ies, an increase in recovery time leading to 
increased absence from the workplace as well 
as an increase in surgical complications such 
as post-operative surgical wound infections, 
bowel and bladder injuries and difficulty with 
breast-feeding due to surgical incision pain. 

C-sections can also be detrimental to new-
borns for several reasons, states Ray. With a vagi-
nal delivery, the contractions of the uterus expel 
amniotic fluid out of the baby’s lungs. Because 
cesarean births bypass that process, babies are 
more prone to respiratory issues and longer hos-
pital stays. Additionally, studies show that the 
birth canal contains a microbiome replete with 
protective bacteria. Babies born from C-sections 
don’t benefit from exposure to these bacteria, 
though the lifetime effect of this is still unclear as 
of yet, with studies linking C-section births to an 
increased incidence of Crohn’s disease, obesity, 
type 1 diabetes and food allergies.

Frustrated by the way mothers were cared for 
during labor and delivery, Ray witnessed  first-
hand in his clinical practice that current fetal 
heart monitors “have the accuracy of a coin toss, 
about 52% positive predictive value” in predict-
ing fetal distress. On one hand, an almost 89% 

RAYDIANT OXIMETRY:     
Provides Crucial Comfort for New Mothers

MOUNTAIN VIEW
CALIFORNIA

contact

Neil P. Ray, MD
neilray@ 
  raydiantoximetry.com

year founded
2016

who’s behind it
Founder and CEO Neil 
P. Ray, MD, a pediatric 
anesthesiologist who 
trained at Brigham and 
Women’s Hospital; 
Nevan Hanumara, PhD, 
an MIT Mechanical 
Engineering research 
scientist who teaches 
medical device design; 
and Mark Rosen, MD, an 
obstetric anesthesiologist 
and Professor Emeritus 
at the University of 
California San Francisco 
(UCSF) School of 
Medicine

unmet clinical need
Assessment of fetal 
well-being during labor is 
based primarily on fetal 
heart rate monitoring, 
which is sensitive but not 
specific for identifying 
fetal hypoxia. This leads 
to many unnecessary 
cesarean deliveries, 
increasing healthcare 
costs and health risks for 
mothers and newborns. 
Clinical, regulatory and 
financial pressures are 
mounting to reduce 
unnecessary cesarean 
deliveries, however, 
clinicians currently lack 
the information to make 
better, more informed 
decisions

solution
A non-invasive fetal 
oxygenation sensor 
that complements the 
existing fetal heart rate 
monitoring technology 
and integrates seamlessly 
into the current workflow

After 50 years with limited advancements in monitoring for fetal  
well-being during labor, Raydiant Oximetry is developing a safe,  
non-invasive, completely external sensor that reports fetal blood  
oxygen levels. The information will provide clinicians the means to 
improve our understanding about how the fetus tolerates labor,  
and better inform decision-making for cesarean delivery.

by 
COLIN MILLER
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false positive rate causes mothers to 
be frequently rushed into C-section 
surgery, only to find out the baby was 
fine all along. On the flipside, a false 
negative rate, which occurs more often 
than is acceptable, says Ray, means 
that the distress of a fetus that has 
been deprived of oxygen goes unno-
ticed and untreated and the baby 
develops hypoxic neurological injury or 
other developmental issues with life-
long consequences. Since current tech-
nology suffers from both these pitfalls 
of liability, Ray and his team sought to 
improve the standard of care.

“What we really want to know,” says 
Ray, “is oxygen saturation, which is the 
real predictor of distress, not the heart 
rate.” He set out to create a monitor 
that could detect a fetus’ oxygen satu-
ration, using his expertise about the 
workflow in labor and delivery.

Ray points out that Nellcor (now 
part of Medtronic plc) had earlier 
recognized this problem and tried to 
solve it with a fetal pulse oximeter in 
the early 2000s, but because it had to 
be inserted through the birth canal, it 
was difficult to use, although its use 
showed promise as a means to pro-
vide clinicians better information. In 
contrast, Raydiant Oximetry’s product 
is completely non-invasive and can be 
used from the third trimester of preg-
nancy until the birth of the baby.

Pulse oximetry works on a principle 
of color analysis—oxygenated blood 
is red, blood without oxygen is blue, 
and the oximeter quantifies how red 
or blue the patient’s blood is by shin-
ing near-infrared light and examining 
the light reflected. Radiant Oximetry’s 
solution, validated in ovine models 
and proven feasible in humans, incor-
porates proprietary low-energy spec-
troscopy technology that isolates the 
fetal pulse from the mother’s, over-
coming the noise that would other-
wise muddle the faint signal targeted. 

Prior studies of Nellcor’s fetal pulse 
oximeter suggested that their device 
interfered with cervical exams and 
mothers complained of discomfort 
upon insertion. There was also con-
cern that it slowed down the process 
of labor and it was pulled from shelves 
in 2005. Raydiant would be the first 
company to offer a novel fetal oxim-
eter that is developed for the unique 
considerations of the maternity ward, 
which is “its own entity within the 
hospital,” according to Ray. “We have 
a deep understanding and apprecia-
tion of labor and delivery,” he states. 
“We wanted to design a product that 
fits within the workflow while being 
embraced by clinicians and expecting 
mothers.” Keeping in line with that 
aim, Ray reports that 97% of obstetri-
cians they surveyed said they would 
use Raydiant’s technology and 93% 
believe that it can help reduce unnec-
essary C-sections.

Raydiant Oximetry is closing out a 
seed funding round and building a 
generation-2 prototype to improve 
the accuracy and reliability of the 
technology. Raydiant is collaborating 
with Sunrise Labs out of Bedford, NH 
to assist with product development 
and the second generation prototype 
will take into account various factors 
like fetal depth and the respective 
positioning of the fetus inside the 
womb and the probe on the moth-
er’s abdomen. They are also focus-
ing on the usability of the device to 
insure seamless integration to the 
workflow for obstetrical providers. 
At the completion of this technical 
de-risking stage, Raydiant Oximetry 
plans to open a Series A funding 
round to complete product develop-
ment and the validation required for 
FDA approval. 

Working with the Experien Group, 
an expert regulatory consultancy firm, 
Ray believes the company’s risks are 
mapped out well for the initial claims 

and indications for use. As with any 
new medical technology, there are 
clinical adoption risks ahead, but 
Raydiant expects that endorsements 
by key opinion leaders and patient 
safety advocacy groups will help push 
its fetal oxygenation sensor into the 
spotlight. The company’s business 
model is attractive through the sale 
of disposable sensors that could even-
tually plug directly into existing fetal 
heart rate monitors. Raydiant Oxim-
etry will seek malpractice insurance 
discounts for early adopters to help 
drive hospital purchasing, which qual-
ity metric improvement requirements 
will also support. A similar story drove 
the widespread clinical adoption of 
pulse oximetry, a technology that rap-
idly became the standard of care for 
anesthesiologists, intensive care & 
emergency room physicians.  

Ray mentions that women’s health-
care has historically been under-
served. “There is very little investment 
in this space; there is a lot of focus on 
health IT, cardiology and orthopedics; 
but there is a huge market here,” he 
says. The Fogarty Institute for Inno-
vation in Mountain View, California, 
of which Raydiant Oximetry is one of 
ten companies-in-residence, is keenly 
tapping into the women & children’s 
market, boasting other startups on 
its roster such as Materna, a group 
working on both reducing childbirth-
related pelvic floor damage and treat-
ing chronic pelvic pain, MedicalCue, 
which focuses on neonatal breathing 
assistance and guiding medical teams 
through newborn resuscitation, and 
InPress Technologies, the developer 
of a simple device designed to rapidly 
stop postpartum hemorrhage. With 
over 4 million children being born 
every year in the US alone, Raydiant 
Oximetry’s first-of-its-kind solution 
represents a breakthrough medical 
device for an unmet clinical need in 
maternal and fetal care.     
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Chen Kuan was a PhD student pursuing a joint 
degree in finance and economics at the University 
of Chicago when his life took a turn. His research at 
the University involved using deep learning and AI 
to make economic and financial predictions—for 
example, predicting stock prices—and he wondered 
if there were other areas and industries where AI and 
predictive analytics technology might be applied. He 
began to reach out to people in different fields—in 
both the US and China—and in 2014, he happened 
to speak to a Chinese radiologist. She was particularly 
interested in his work on facial/pattern recognition 
technology and how that might be applied to the 
field of diagnostic imaging to help radiologists with 
their ever-increasing workload. And with that, she 
planted a seed that took root and ultimately led Kuan 
in a new direction. 

After that meeting, Kuan began looking into the 
radiology application in earnest and he uncovered 
substantial pain points, particularly in terms of effi-
ciency and manpower, that he believed AI could help 
resolve. He decided to suspend his PhD studies and 
start a company around the concept. In January 2015, 
he founded Infervision in Beijing, with the aim of using 
neural networks and deep learning algorithms to assist 
radiologists with some of their more tedious tasks.

There is an acute shortage of highly skilled radiolo-
gists worldwide, says Kuan. Although the problem 
manifests differently in different regions of the world, 
it is a particularly pervasive issue in China. He cites 
industry statistics showing that “the data generated 
by medical imaging devices is growing by 30% per 
year, while the number of radiologists is growing by 
only 4.1%.” And in China, this shortage results in radi-
ologists commonly being overworked. “Some of the 
radiologists we’ve worked with [in China],” he contin-
ues, “may work from 7:30 or 8 AM until 10 at night 
and they still can’t finish that day’s work. Then they 
also have to spend time doing research. So I think 
we will see this problem getting worse in the near 

future.” China is also challenged by uneven distribu-
tion of medical resources, he explains. “All the good 
radiologists are concentrated in the biggest cities in 
China, and in some remote areas, you don’t have any 
well-trained radiologists at work.”

In the US there is a similar shortage, but it mani-
fests in higher costs as demand drives up wages. “The 
average income for radiologists in the US is some-
thing like $375,000 per year, so radiology services, 
especially good ones, are really expensive in the US,” 
Kuan notes.

Kuan believes AI can play a huge role in address-
ing these issues. “Using AI, you can really alleviate the 
shortage problem and actually increase the supply of 
good radiology services, and also liberate some time 
for radiologists to focus on the most important tasks 
rather than the tedious, repetitive work.”

Infervision’s technology is based on imitating the 
neural network of a bio-organism using deep-learn-
ing algorithms. “Once we feed the algorithm with 
enough data” [meaning past diagnostic data obtained 
from radiologist reports and hospital PACS—picture 
archiving and communications systems], notes Kuan, 
“we can actually extract features and patterns from 
that data and that enables the system to learn how to 
do some of the highly repetitive, highly tedious tasks” 
involved with interpreting medical imaging scans, such 
as looking for tiny abnormalities in the lung. Small lung 
nodules are very hard to detect, he says, because they 
show up as “very slight and very translucent.” Radi-
ologists can pick them up pretty easily in the morn-
ing when they’re well rested, but once they become 
tired in the afternoon they’re easy to miss, he says. 
“Humans are simply not wired to do all this repetitive 
stuff for more than 10 hours per day,” Kuan contin-
ues, “but that creates a big problem for the patient. If 
something is missed early on and the patient doesn’t 
come back for another year, it’s much harder to treat 
after the tumor grows larger.” Thus, deep learning can 

INFERVISION:  
Applying Deep-Learning AI to Imaging Scans  
to Improve Disease Detection

BEIJING
CHINA

contact

Chen Kuan  
xmengli@infervision.
com

year founded
2015 

who’s behind it
Chen Kuan (CK), founder 
and CEO

unmet clinical need
Screening diagnostic 
imaging scans for cancers 
and other abnormalities 
is tedious and time-
consuming and can result 
in missed or inaccurate 
diagnoses. In addition, 
while imaging tests are 
growing rapidly, the 
number of highly trained 
radiologists to do this 
work is not increasing 
fast enough to absorb 
the growing demand  

solution
Infervision has developed 
deep-learning neural 
networks that can rapidly 
screen CT and x-ray 
images and accurately 
pinpoint areas of 
abnormality

funding to date 
More than $32 million, 
including a recently 
closed $23 million Series 
B round

venture investors 
Qiming Venture 
Partners, Sequoia 
Capital China, and 
Genesis Capital

Chinese start-up Infervision is applying its deep-learning neural network 
technology to a variety of challenges in diagnostic imaging. The goals: to relieve 
radiologists of tedious tasks, improve efficiency, and reduce missed diagnoses.

by 
MARY THOMPSON
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play a huge role in helping radiologists as 
well as patients, he says. 

Not only is China in dire need of a solution 
to this issue, but the fact that Infervision 
is based in China also offers the company 
a unique advantage when it comes to AI 
product development. As Kuan notes, 
hospitals in China are huge and have accu-
mulated a lot of diagnostic imaging data 
over the past 10 years. “There’s this trove 
of data sitting there,” he points out, “and 
nobody has really known how to use it, 
but now we have the tools to extract value 
from the data.” 

In addition to its AI-augmented deep-
learning systems to aid radiologists in 
detecting lung abnormalities, Infervision 
recently unveiled a deep-learning system 
to aid in the detection of hemorrhagic 
stroke on CT. The company plans to launch 
more products in the future for mammog-
raphy (breast cancer), liver cancer, and 
cardiac imaging. 

For AI-assisted lung diagnosis, the com-
pany has two technologies: AI-CT Chest, 
which works with CT images, and AI-DR 
Chest, which can identify more than 20 
common lung abnormalities on chest X-ray. 
Both rapidly detect and flag suspicious fea-
tures in an image so that radiologists can 
save time by focusing on those areas. And 
in that regard, they are similar to older 
computer-aided diagnosis (CAD) software 
technology, developed since the 1990s 
for applications such as cervical cancer, 
breast cancer, and lung cancer screening. 
However, there is an important difference 
between AI-aided diagnosis and the CAD 
systems that came before, notes Kuan, who 
points out that although the end goals are 
the same, advances in AI and deep-learn-
ing technology bring much more accuracy 
to the process, which greatly improves the 
technology’s clinical utility. The company 
has installed its AI-aided diagnosis systems 
in nearly 50 hospitals in China and Japan, 
and at some hospitals usage approaches 
100%,” Kuan says. 

In the stroke imaging arena, Infervision 
is using its neural networks and deep-

learning algorithms applied to brain CT 
images to rapidly determine if a brain 
bleed has occurred and, if so, provide an 
accurate and quick measurement of brain 
bleeding volume. “We can actually cal-
culate the bleeding volume within three 
seconds,” notes Kuan. That compares very 
favorably to the current standard of care, 
in which physicians basically estimate 
the bleed volume using rough measure-
ments and hand calculations, a method 
that is highly inaccurate and takes much 
longer, he continues. “We have shown in 
our papers that sometimes the approxi-
mation error of this method accounts for 
more than 30 ml of volume,” Kuan notes. 
Infervision’s technology also enables phy-
sicians to more quickly rule out hemor-
rhagic stroke on a CT scan so that patients 
presenting with stroke symptoms can 
be more rapidly sent for ischemic stroke 
evaluation and treatment. 

The company has partnered with a 
number of leading Chinese hospitals to 
conduct research studies and several 
papers have been published or presented 
at medical conferences, including RSNA, 
the European Congress of Radiology, and 
the Chinese Congress of Radiology. Kuan 
says studies with its lung AI technology 
have shown it can detect very small lung 
nodules, including challenging ground-
glass opacity nodules, which are often an 
early marker of lung cancer risk. 

Although Infervision will launch first in 
China (it is awaiting clearance by China’s 
Food and Drug Administration), the com-
pany, which also has offices in the US, 
Japan, and Germany, eventually aims to 
bring its AI technologies to other coun-
tries. In fact, it has already begun testing 
its technologies in research settings out-
side of China.

As for the regulatory landscape for AI-
driven technology, Kuan says the field is 
still in flux, but Infervision is currently in 
discussions with regulators in and out-
side of China to gauge their thoughts on 
AI and deep learning. “This is definitely 
something new and pretty much is not in 
the framework that we have seen in the 

past, because deep learning actually keeps 
evolving as it sees more information,” 
Kuan says. “So everybody is thinking about 
the right way to regulate this. And, as one 
of the leaders in this field, we need to work 
with regulators to come up with the most 
optimal pathway in terms of monitoring 
and regulating this industry.”

Clearly, Infervision has its work cut out 
for it. But the company also has the back-
ing of a number of VCs and corporate 
partners. In September 2017, Infervision 
closed on a $23 million Series B venture 
funding round; investors include Qiming 
Venture Partners, Sequoia Capital China, 
and Genesis Capital. An earlier Series A, 
completed in January 2017, was led by 
Sequoia Capital and brought in $7.2 mil-
lion, and an angel round, completed in 
2016, brought in $2 million, for a total 
raise to-date of more than $32 million. 
The company has inked corporate part-
nerships as well with PACS companies 
operating in China, including GE China, 
to integrate its AI technology into their 
PACS systems, and it has a US corporate  
partnership with EnvoyAI (part of  
teraRecon). Additional partners include 
CISCO, Nvidia, Intel, and Carestream. 
Moreover, in December, Infervision 
announced a research agreement with CV 
Imaging Science in Japan, which plans to 
study Infervision’s AI technology for heart 
imaging. It is also in the process of launch-
ing a major joint research partnership in 
the US.

Kuan is careful to point out that Infer-
vision isn’t trying to replace radiologists; 
rather, it is developing powerful adjunc-
tive tools that can improve the disease 
detection process. Thus, although the 
company hopes to offer some type of risk 
prediction/probability score in future ver-
sions of its products, the final diagnosis 
will still reside with the physician. AI isn’t 
ready to take that leap, Kuan notes. But, 
he adds, it will be able to “provide more 
and more information to radiologists at 
a faster speed so they can make a much 
more accurate ultimate diagnosis more 
rapidly. Human beings plus AI is better 
than human beings alone.”    
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Some of the most potent and visible near-
term applications of artificial intelligence (AI) in 
the medical arena address long-standing bottle-
necks in clinical diagnostics. In these scenarios, 
AI-powered algorithms provide new insights into 
health, based on the ability to tackle and interpret 
massive amounts of granular data acquired from 
patient specimens. These big data-driven innova-
tions are filling in information gaps that elude tra-
ditional laboratory hardware and reagents, which 
typically have advanced through “wet laboratory,” 
that is chemical or biological, innovation.  

At least that’s the bet the German company 
numares AG is making, as it steps up commercial-
ization of a software-driven technology designed to 
process and interpret the complex data generated by 
nuclear magnetic resonance (NMR) systems. These 
systems are currently used widely for biomedical 
research but are much less prevalent in clinical labo-
ratories due to their complexity and cost. 

Launched in 2004 as LipoFIT Analytic GmbH, a 
spin out of the Institute of Biophysics at the Uni-
versity of Regensburg in Germany, the company 
has long struggled to make NMR spectroscopy 
more ubiquitous in the clinical lab. An analytical 
tool that was introduced in the 1940s, NMR mea-
sures the magnetic fields around atoms, providing 
tantalizing information about the identity, struc-
ture, dynamics, and concentration of individual 
molecules. The company’s original work centered 
on adapting the hardware to profile lipoproteins 
in cardiovascular disease.  It received CE mark for 
its first instrument, the Axinon lipoFIT for clinical 
applications in this field several years ago, but 
subsequently turned its attention to the burgeon-
ing field of metabolomics. While it won’t say how 

many Axinon lipoFIT systems it has placed, it notes 
that users run an average of 30,000 tests for CV 
indications on its systems per year.

As part of this transformation to metabolo-
mics, the company changed its name to numares. 
Metabolomics is the systemic study of metabolites 
in body fluids to evaluate physiological status for 
clinical and research purposes. The complexity and 
volume of information generated by the study of 
the metabolome is overwhelming, and NMR is par-
ticularly ripe for this challenge because of its excel-
lence in elucidating the structure and interactive 
dynamics of a wide range of molecules. 

While numares’ research initially focused on identi-
fying and analyzing specific biomarkers of metabolic 
status, it soon realized that the results would not be 
clinically meaningful for physicians. Given the over-
whelming amounts of relevant data generated from 
NMR, software, more than hardware enhancements, 
would be key to simplifying the output and produc-
ing clinically useful diagnostic results. 

The strategic shift required an R&D revamp, which 
has centered on building expertise in machine learn-
ing and software. That conversion was complex, but 
the end result has been better tests that will be 
easier for physicians to understand, says president 
Volker Pfahlert, PhD, a pharmacologist by training 
and former senior manager at Roche Diagnostics, 
who joined the company in 2010 to oversee its new 
strategy.  

The traditional approach to in vitro diagnostics is to 
measure single or groups of specific biomarkers—ie 
multiplexing—that allow a physician to make a diag-
nosis. But numares isn’t relying on traditional chem-
istry for answers. In metabolomics, for example, it is 

   

NUMARES HEALTH:    
Using Physics and Algorithms  
to Transform Clinical Diagnostics
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GERMANY

contact

Volker Pfahlert, PhD, 
Chairman of the 
Executive Board
volker.pfahlert@ 
numares.com

year founded
2004 as LipoFIT 
Analytic GmbH; name 
changed to numares 
AG in 2012

who’s behind it
Spin off from the 
Institute of Biophysics, 
Regensburg 
University, by 
co-founders and 
professors: Hans 
Robert Kalbitzer 
(chairman of the 
department of 
biophysics), Werner 
Kremer, and Fritz 
Huber

unmet clinical need
Limited diagnostic 
insights into major 
life-threatening 
diseases, including 
kidney rejection 
after transplantation, 
cancers, and heart 
disease 

solution
The Axinon system, 
a software-driven 
solution that enables 
nuclear magnetic 
resonance (NMR), a 
diagnostically powerful 
but complex and 
expensive research 
analytical tool, to be 
useful for widespread 
clinical decision 
making 

funding 
Undisclosed

Metabolomics, the study of complex relationships of metabolites 
within physiological systems, defies clinical diagnostic analysis by 
traditional tools, but a combination of nuclear magnetic resonance 
and machine learning is up to the challenge. 

by 
WENDY DILLER
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mailto:w.diller%40medtechinno.com?subject=


MARCH 27, 2018 

59START-UPS  TO WATCH

Online print subscriptions, reprints, and web posting and distribution licenses are available.
Contact BRIDGET KELLY-STOLL at 888-202-5939 • info@medtechinno.com

more revealing to measure the signaling 
patterns among the many metabolic path-
ways because single biomarkers are rarely 
specific or sensitive enough to define a 
disease. But because so many combina-
tions exist, they are impossible to inter-
pret using standard laboratory analytical 
tools. Other young companies like Medley 
Genomics are starting to take this kind of 
systemic approach in genomics, focusing 
on interrelationships among genes and 
their microenvironments, rather than indi-
vidual markers, but no one has done this 
successfully in metabolomics. (See “Med-
ley Genomics: Tackling Complexities of 
Genomic Heterogeneity to Advance Preci-
sion Medicine,” The MedTech Strategist, 
October 30, 2017.)

The software built by numares allows 
the NMR systems to read metabolic foot-
prints broadly, then highlight signals that it 
deems are important to particular disease 
conditions. The standard samples—blood, 
urine or plasma—are sent to the labora-
tory, where they undergo NMR analysis, 
followed by software processing to inte-
grate the data, interpret it, and boil it 
down to quantitative datapoints that are 
comprehensible to physicians.

The end product is a mathematical equa-
tion that models the interrelationships 
and patterns of change among metabo-
lites in the sample, which numares has 
named metabolic constellations, reflecting 
health status. This approach provides con-
text for metabolic behavior using quantita-
tive terms that are impossible to generate 
through analysis of individual biomarkers, 
says Pfahlert. The company is in the pro-
cess of identifying cut offs, based on refer-
ence values, for different diseases, which 
physicians can use as guides for treatment 
decisions. 

AI is critical to numares’ achievement, 
but it is not the only component in the 
mix. NMR systems are appreciated in 
the laboratory world for their inherent 
reliability, but as research tools they are 
hardly standardized nor optimized for 

the quality control that is necessary for 
clinical applications. Numares has devel-
oped proprietary software that it calls 
Magnetic Group Signaling (MGS), which 
enables the NMR to calculate metabolic 
concentrations in body fluids in a way 

that is clinically useful. This level of auto-
mation simplifies operation of the instru-
ment so that it does not require handling 
by a highly trained specialist.  

The automation of quality control and 
standardization is a major difference from 
buying an off the shelf NMR machine, says 
chief medical officer Philipp Pagel, MD. 
In addition, the company has developed 
a set of smart data processing tools that 
manipulates the spectra and normalizes 
them for analytical use. “All that has to be 
done before we get to the AI part because 
people think of AI as something magical, 
but that’s very wrong,” says Pagel. “A lot 
of expertise and work has to go into mak-
ing AI successful before the algorithms 
even kick in.”

The first metabolomics test launched in 
March 2017 in Europe for early diagnosis 
of kidney transplant rejection; measuring 
metabolic changes in the kidney, numares 
believes, could help guide the difficult deci-
sion on whether to do a surgical biopsy, 
which is the only sure way to confirm 
rejection, or to just continue surveillance. 
The initial users are transplant centers 

that monitor patients post-surgery, but 
down the road the test may be used more 
broadly by community nephrologists who 
ultimately keep track of many transplant 
patients. The company is preparing two 
papers for publication on the clinical vali-
dation of the kidney transplant test, and 
also is recruiting for a multicenter Euro-
pean study to reinforce data that it already 
has on the kidney test. 

Other tests in the pipeline include one 
for multiple sclerosis, which numares is 
developing with Oxford University in the 
UK. The goal of the collaboration is to 
find a metabolic constellation that distin-
guishes different forms of multiple sclero-
sis earlier than is possible nowadays, as 
these forms require different treatments. 
Another test is intended for diagnosing 
bladder cancer. An early sign of bladder 
cancer is blood in urine which, when 
observed, leads to an involved diagnos-
tic cascade including some relatively 
invasive (from the patient’s standpoint) 
procedures like cystoscopy. To reduce 
that burden, a body fluid-based test is 
urgently needed.

The company commercializes its tests 
via “one-stop shopping” packages, in 
which it sells both instruments and soft-
ware to customers, and also through 
licenses to labs that already have suitable 
NMRs. It is also introducing a pay-per-use 
financing option; given the high cost of 
NMR analyzers (up to $1 million for high-
end instruments), such per-test models 
reduce the capital investment burden 
for laboratories. Although the hardware 
is expensive, the operating costs of the 
Axinon system are low, because fully 
automated, it requires less staff atten-
tion. The total cost per result, therefore, 
from a laboratory, is affordable and in the 
range of $15-$30 per patient sample, says 
Pfahlert. As numares brings more tests 
to market, demand for NMR for clinical 
applications will increase, he says, noting 
the company’s vision is to have 50 labs 
equipped with NMRs by 2020.      

The end product is a 
mathematical equation 

that models the 
interrelationships and 

patterns of change among 
metabolites in the sample, 
which numares has named 
metabolic constellations, 
reflecting health status. 
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Patients in whom lung nodules 
are found can be kept in sus-
pense and repeatedly subjected 
to radiation for a year or more, 
and sometimes unnecessarily.

Lung cancer has the lowest survival rate of any 
cancers—17% at five years—largely because it is 
generally detected at such a late stage as to be 
incurable. In 2013, the US Preventive Services 
Task Force took a step to change that dynamic by 
recommending that patients at risk of develop-
ing lung cancer get yearly low-dose computed 
tomography (LDCT) screening exams. This con-

clusion was based on evidence from the National 
Lung Screening Trial (and other trials), which 
demonstrated that such screening lowered lung 
cancer deaths by 20%. 

Two years later (February 2015) the govern-
ment did its part to help people follow that rec-
ommendation. The Centers for Medicare and 
Medicaid Services began reimbursing low dose 
CT screening for people, aged 55-77, who’ve 
smoked 30-packs of cigarettes a year within the 
last 15 years (with some additional inclusions 

and exclusions). ProLung Inc., which had been 
working for nine years on a non-invasive test 
and predictive analytics for the risk stratification 
of lung cancer, suddenly found itself in the right 
market at the right time. 

ProLung was founded in 2004 as Fresh Medi-
cal Laboratories, with an exclusive, world-

wide, royalty-bearing license for its core 
technology from BioMeridian Corp. It 
changed its name in 2017 to reflect a 
sharpened focus on lung cancer. Says 
CEO and co-founder Steven Eror “We 
have set out to own the lung space the 
way Exact Sciences owns colorectal can-
cer.” The company is developing a nonin-
vasive, radiation-free test for use at the 
front end of lung cancer screening—that 
is, as an adjunct to low-dose CT screen-
ing—to improve the timeliness and cost 
of lung cancer diagnosis. 

Lung biopsy provides the most defini-
tive diagnosis of lung cancer, but because that 
procedure is invasive and has an almost 6% 
rate of major complications (among an over-
all complication rate of 38%) it is postponed 
until there is a high degree of certainty that a 
patient does, in fact, have cancer, to minimize 
futile and risky biopsies or surgical interven-
tions. (See “Image-Guided Lung Biopsy: Aim-
ing for a Stage Shift in Lung Cancer Diagnosis,” 
The MedTech Strategist, December 18, 2015.) 
While low-dose CT is very effective at detect-

   

PROLUNG:    
Risk Stratification Test for Lung Cancer 
Increases Physician Confidence, Lowers Costs, 
and Speeds up Diagnosis

SALT LAKE CITY
UTAH

contact

Steven C. Eror, 
President & CEO
SCE@Prolunginc.com

year founded
2004

who’s behind it
Co-Founder Steven C. 
Eror, the former CEO of 
MacroMed (injectable 
drug delivery for breast 
and other cancers), and 
before that, CFO of 
Pharmadigm (injectable 
anti-inflammatory drug)

unmet clinical need
Low dose CT, which 
recently became a 
reimbursed screening 
modality for patients 
with a high risk of 
lung cancer, is highly 
sensitive for detecting 
nodules in the lungs 
but can’t do much to 
differentiate malignancy 
from benignity. Patients 
with indeterminate 
pulmonary nodules 
therefore enter a 
“watchful waiting” 
regimen where they 
can wait months or 
years before receiving a 
diagnosis

solution
As an adjunct to low 
dose CT, a non-invasive 
test and a predictive 
analytic that helps 
risk stratify patients in 
whom lung nodules are 
detected

funding to date 
Privately funded; officers 
and directors hold 17.2% 
of the outstanding 
shares, according to an 
S-1 registration filed 
August 4, 2017  

Patients with lung cancer are not well served by the current diagnostic 
model, which often puts them through months or years of anxious 
“watchful waiting” in the form of repeated imaging and diagnostic 
exams before the definitive but risky step of lung biopsy. ProLung 
hopes to change this paradigm with a front-end predictive analytic 
that’s adjunctive to the first low-dose computed tomography screen.

by 
MARY STUART
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ing nodules in the lungs, it’s difficult 
to determine on the basis of that test 
alone whether nodules are benign or 
cancerous. 

For indeterminate pulmonary nod-
ules (IPNs), a period of “watchful wait-
ing” ensues, during which additional 
CT scans, with and without contrast, 
will occur at various intervals (six 
months or a year), according to guide-
lines like Lung-RADS or the Fleischner 
Guidelines, which are based on the 
risk factors of particular tumors, as 
determined by their size, growth rates, 
and other visible features. Patients in 
whom lung nodules are found can be 
kept in suspense and repeatedly sub-
jected to radiation for a year or more, 
and sometimes unnecessarily.  

So, while the high-level recommen-
dations for lung cancer screening are 
major steps towards improving the 
management of a deadly disease, 
the increase in nodule detection will 
be both a blessing and a curse for 
patients—who will live with uncer-
tainty and anxiety between tests—and 
payors, who will see their bills go up 
astronomically. Joshua Roth, PhD, a 
comparative effectiveness researcher 
at the Fred Hutchinson Cancer Research 
Center, estimates that 9 million Ameri-
cans are eligible for screening, 6 million 
of them Medicare beneficiaries. Over a 
five year period, LDCT screening would 
detect more than 55,000 lung cancers, 
and more lung cancers at a treatable 
stage, but at an increased expendi-
ture of $6.8 billion, which includes the 
average annual cost of screening plus 
the expense of follow-up diagnostics, 
which Roth estimates at $1.06 billion. 
(See “Computed Tomography Screen-
ing for Lung Cancer: A High Value Prop-
osition?” JA Roth, SD Ramsey, JAMA, 
January 5, 2016.) 

“Screening can’t survive that level 
of spending,” says Eror. That’s where 
ProLung comes in. The company 
believes its non-invasive ProLung Test 
and predictive analytics will be used 
as an adjunct to LDCT as a risk strati-
fication tool that could get patients 
with malignant nodules to biopsy 
and treatment much sooner, with the 
hope of achieving three- to five-fold 
increases in 5-year survival rates. 

At Stage 1a (relatively early), 5-year 
survival rates are 56-80% as compared 
with today’s average of 17%, which, 
as noted, reflects late detection. For 
healthy patients, the test will avoid 
stressful—and costly—follow-up tests, 
and that is one of the company’s eco-
nomic arguments for adoption. Eror 
notes that the ability to avoid one CT 
scan would pay for three or four Pro-
Lung Test kits (with an estimated sell-
ing price of $400 each). “Our goal is 
to make a difference in time, to offer 
certainty to the patient, the physician, 
and the surgeon who might be operat-
ing; to make sure that the evaluation 
of a malignancy through a biopsy is 
done very carefully, and only on those 
patients that really require it. It’s the 
power of knowing now,” says Eror.   

The ProLung Test uses mass aver-
aging or volumetric bioconductance 
technology to measure, from the 
surface of the chest, the difference 
in bioimpedance between cancerous 
and benign tissue. The measurement 
of bioimpedance isn’t new; it’s used 
in other types of cancer (for exam-
ple, breast cancer, the application of 
Mirabel Medical Systems Inc.), but 
Eror says “Our primary innovation 
was finding a reliable and repeat-
able way to do it in the chest,” which 
involves controlling for tremors in the 
body and operator variability. The 
second part of the company’s innova-

tion is an algorithm, which, through 
the use of artificial intelligence, can 
improve in successive generations of 
the platform.  

The ProLung Test has been designed 
to be performed—and to return 
results—the same day as the screen-
ing LDCT scan, in fact within min-
utes of conducting the ProLung Test. 
Rather than evaluate or produce an 
image of specific nodules, it provides 
a numerical composite score that sug-
gests the level of risk of malignancy 
(or an increased likelihood that nod-
ules are benign).

The two components of the test 
include the detection system, which 
consists of a probe, scanner, tower, 
monitor and keyboard, and a test kit 
that includes a unique code (required 
for accessing test results), six diapho-
retic electrodes with adhesive back-
ing (the same kinds of electrodes 
placed on a patient for ECG record-
ings), a probe tip, and other ancillary 
disposables.   

A technician attaches the six elec-
trodes at specific anatomical loca-
tions on the patient—the ribcage, 
shoulders, and arms) and touches the 
probe to 62 locations on the body. 
The system evaluates the quality of 
each set of measurements, and cues 
the operator to retake them if signal 
quality is not adequate. Those results 
are sent to a laboratory server that 
runs them through an algorithm, and 
the clinician receives a composite 
data report showing a cutoff above 
which there is an increased risk of 
malignancy. For the system cur-
rently in clinical trials, the algorithm 
has been locked. But the company 
accrues all patient data to a library 
to which it will apply artificial intelli-
gence to improve the algorithm. “It’s 
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like a refrigerator of blood for us; 
we can do an unlimited amount of 
research on those digital signatures 
and continue to improve,” says Eror.  

To date, the company has con-
ducted five controlled clinical trials 
to help it develop and validate both 
its algorithm and the elements of the 
test that lend it reliability and repeat-
ability. Some 16 institutions have 
been involved in this research, includ-
ing Stanford, Beth Israel Harvard, 
Johns Hopkins, MD Anderson Cancer 
Center, the Mayo Clinic, and “other 
world-class facilities” notes Eror, who 
adds that this has helped the com-
pany build up a large network of high-
profile pulmonologists. 

A small (41 patients) single-arm 
study of the ProLung Test completed 
at Johns Hopkins in 2012 demon-
strated a sensitivity of 90% (cor-
rectly identifying 26 of 29 malignant 
nodules) and a specificity of 92% 
(correctly identifying 11 of 12 non-
malignant masses). Now the com-
pany has completed enrollment of 
its 420-patient multi-center trial 
designed to demonstrate safety and 
efficacy, with an estimated comple-

tion date of May 2018. The monitor-
ing phase and follow-up of patients 
through biopsy are remaining steps 
before the company will present 
data to the FDA for a de novo 510(k) 

approval. The ProLung Test has had 
the CE mark since 2013, but Eror 
notes that the European market isn’t 
as large, principally because there 
isn’t widespread LDCT screening. 

ProLung remains privately funded, 
although it submitted an S-1 regis-
tration statement for an initial public 
offering to the SEC in August 2017.

It has taken ProLung nine years, 
five clinical studies, and 545 
patients to get to this point. Mean-
while other lung cancer diagnostics 
are attempting to enter the mar-
ket, for example CLIA-certified liq-
uid biopsy tests, methylated DNA 
tests, micro RNA tests, protein pan-
els, and minimally invasive biopsy. 
Says Eror “This is one of the most 
exciting places in cancer today, and 
there is probably room for doz-
ens of technologies in this field, 
because it is so large.” 

Eror notes that in the future, his 
company might integrate other valid 
markers of lung cancer into its risk 
stratification platform. But for now, 
the ProLung Test, which doesn’t 
require a blood sample to be sent off 
for analysis, is noninvasive, radiation 
free, and returns results the same 
day, is well positioned as a front-
end risk stratification tool to support 
the millions of patients that will be 
screened for lung cancer each year. 
“We want to be the preeminent 
source of predictive analytics for the 
lung,” says Eror. The company antici-
pates launching its test in the US in 
the last quarter of 2018.     

For healthy patients, 
the test will avoid 

stressful—and 
costly—follow-up 

tests, and that is one 
of the company’s 

economic arguments 
for adoption.
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LEARN MORE
Read our blog:   
www.MedtronicDiabetes.com/VBHC

Contact us: 
DiabetesVBHC@Medtronic.com

Suzanne Winter
Group Vice President
Medtronic Diabetes

Advancing healthcare requires a steadfast commitment to innovation and collaboration. 
At Medtronic, we’re looking beyond technological advancements to prioritize improved 
outcomes in lowering the total cost of care. 

Medtronic is leading the way.

It’s all about helping people with diabetes achieve better outcomes and quality of life  
through improved Time in Range.* This means fewer high and low blood sugar levels,  
which can reduce the risk of complications and lower economic burden on the healthcare 
system. Here’s how:

CUTTING-EDGE TECHNOLOGY
 §  MiniMed™ 670G system is the world’s first hybrid closed loop system that enables 

personalized and automated basal insulin delivery for patients on pump therapy. 
 §  SmartGuard™ technology — the algorithm featured exclusively in our MiniMed™  

systems — helps keep patients’ sugar levels within healthy range.

STRATEGIC PARTNERSHIPS
 §   Our outcomes-based agreements with major U.S. insurers are proof that transforming 

healthcare can’t be done alone. Together, we are leading the way to new business and  
care models that align reimbursement with proven clinical outcomes.

ENHANCED PATIENT EXPERIENCE
 §  Diabeter, our network of diabetes care clinics, consists of a multidisciplinary team of 

specialists to address the full cycle of patient-centric care. Our clinic results have shown 
improved outcomes, increased capacity for providers to treat high-risk patients, and 
valuable cost savings.

Let’s take value-based healthcare Further, Together. 

IMPORTANT SAFETY INFORMATION: MINIMED™ 670G SYSTEM
The Medtronic MiniMed 670G system is intended for continuous delivery of basal insulin (at user selectable rates) and administration of insulin 
boluses (in user selectable amounts) for the management of type 1 diabetes mellitus in persons, fourteen years of age and older, requiring insulin 
as well as for the continuous monitoring and trending of glucose levels in the fluid under the skin. The MiniMed 670G system includes SmartGuard 
technology, which can be programmed to automatically adjust delivery of basal insulin based on continuous glucose monitor sensor glucose 
values, and can suspend delivery of insulin when the sensor glucose value falls below or is predicted to fall below predefined threshold values. The 
system requires a prescription. The Guardian Sensor (3) glucose values are not intended to be used directly for making therapy adjustments, but 
rather to provide an indication of when a fingerstick may be required. A confirmatory finger stick test via the CONTOUR®NEXT LINK 2.4 blood 
glucose meter is required prior to making adjustments to diabetes therapy. All therapy adjustments should be based on measurements obtained 
using the CONTOUR®NEXT LINK 2.4 blood glucose meter and not on values provided by the Guardian Sensor (3). Always check the pump 
display to ensure the glucose result shown agrees with the glucose results shown on the CONTOUR®NEXT LINK 2.4 blood glucose meter. Do not 
calibrate your CGM device or calculate a bolus using a blood glucose meter result taken from an alternative site (palm) or from a control solution 
test. Do not calibrate your CGM device when sensor or blood glucose values are changing rapidly, e.g., following a meal or physical exercise. If a 
control solution test is out of range, please note that the result may be transmitted to your pump when in the “Always” send mode. 

WARNING: Medtronic performed an evaluation of the MiniMed 670G system and determined that it may not be safe for use in children under 
the age of 7 because of the way that the system is designed and the daily insulin requirements. Therefore, this device should not be used in 
anyone under the age of 7 years old. This device should also not be used in patients who require less than a total daily insulin dose of 8 units 
per day, because the device requires a minimum of 8 units per day to operate safely. Only use rapid acting U100 insulin with this system. Pump 
therapy is not recommended for people whose vision or hearing does not allow recognition of pump signals and alarms. Pump therapy is not 
recommended for people who are unwilling or unable to maintain contact with their healthcare professional. The safety of the MiniMed 670G 
system has not been studied in pregnant women. For complete details, including product and important safety information concerning the 
system and its components, please consult http://www.medtronicdiabetes.com/important-safety-information#minimed-670g and the 
appropriate user guide at http://www.medtronicdiabetes.com/download-library. Insertion of a glucose sensor may cause bleeding or irritation 
at the insertion site. Consult a physician immediately if you experience significant pain or if you suspect that the site is infected. Please visit 
www.medtronicdiabetes.com/importantsafetyinformation and the appropriate user guides for additional important details.

© 2018 Medtronic. All rights reserved. Medtronic, Medtronic logo and Further, Together are trademarks of Medtronic.
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