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A
sk any random passersby on the street to close their 
eyes and tell you what comes to mind when they think 
of medical innovation, and you will inevitably evoke 
predictable images: daring surgeons performing break-

through procedures in glass-encased hospital towers brimming 
with the latest technology and miracle drugs to cure cancer. But in 
other industries, such as computing and the automotive industry, 
innovation focuses on value: better products at the same price—or 
even a lower one—for similar performance. 

Financial markets reflect this viewpoint: Shares of Intuitive 
Surgical, which manufactures surgical robots and has about $2 bil-
lion in annual revenue, are trading at a forward price-to-earnings 
ratio of around 25, compared with 16 for Medtronic—the world’s 
largest device manufacturer by market capitalization, with annual 
revenue of over $20 billion—even though research has cast doubt 
on the superior performance of robotic over traditional surgery for 
prostate cancer (Hu et al., 2009). (See Figure 1.)

Few innovations in the medical device space have been adopted 
for their cost savings. A paper by Nelson and colleagues illustrates 
how foreign the concept of cost-saving innovation is to medicine 
(Nelson et al., 2009). They reviewed published cost-effectiveness 
studies from 2002 to 2007 to assess how many medical innova-
tions led to actual savings, as opposed to having a reasonable cost 
per outcome. Their search yielded 2,128 cost-effectiveness ratios 
from 887 publications. Almost three-quarters (72 percent) of these 
found better outcomes at higher cost. About 16 percent described 
innovations that improved outcomes at lower cost, and only nine 
comparisons (0.4 percent of the total) analyzed innovations that 
lowered cost but had slightly worse outcomes. The savings of those 
latter innovations ranged from $122 to $11,672 per case against a 
loss in quality-adjusted life-years between 0.001 and 0.02, which 
corresponds to roughly nine hours to one week of a patient’s life. 

In this Perspective, we explore why medical innovation has 
traditionally been geared so thoroughly toward improving perfor-
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mance, with little regard to cost. We focus on devices rather than 
pharmaceuticals, as innovation in the device space involves solving 
engineering problems and can thus be better planned and directed 
than pharmaceutical research and development, which is much 
more dependent on breakthrough discoveries. In addition, the more 
predictable clinical development pathway for devices allows manu-
facturers to pursue projects with incremental and lower poten-
tial upsides. As an example, a device manufacturer can invest in 
miniaturizing a cardiac pacemaker and will be reasonably certain 
that the new product will perform well enough to obtain regulatory 
approval based on “substantial equivalence.” In contrast, changes 
to a molecule to increase half-life and reduce dosing frequency may 
fail or could lead to other side effects with little predictability. We 
also focus on implantable and other single-use devices. 

We argue that the changing incentives in the health care 
sector, accelerated by the implementation of the Affordable Care 
Act, will force device manufacturers to redirect future investments 
from the spectacular toward the prudent, which we call “the end of 
sexy.” Lastly, we explore consequences for manufacturers, investors, 
and policymakers. 

Today, Innovation in the Device Sector Focuses on 
the Spectacular
For decades, medical innovation has been driven by what Burton 
Weisbrod termed “the health care quadrilemma” (Weisbrod, 1991). 
Insurance coverage of medical services implies that patients are 
insensitive to price, and they demand ever-greater effectiveness 
and convenience of care without regard to cost. Manufacturers 
recognize the market incentives and direct investment accord-
ingly. Physicians are being paid per service and benefit from an 
ever-expanding array of treatment options. They can deploy those 
options without harming their patients financially and, thus, 
reinforce manufacturers’ capital allocation patterns. As a conse-
quence, costs keep going up, and medical care becomes increas-
ingly unaffordable without insurance coverage. In other words, the 
consequences created by the combination of comprehensive health 
insurance and fee-for-service payment set in motion a cycle of esca-
lating cost with little regard for value created. 

The Shift to Value-Based Payment Requires a 
New Innovation Paradigm
Many experts have realized that the fee-for-service payment system 
is the glue that holds this self-reinforcing cycle together: As long as Few innovations in the medical device space 

have been adopted for their cost savings.

Figure 1. Billboard advertising robotic surgery
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physicians benefit from increasing the range and complexity of ser-
vices, they lack an incentive to manage overall resources prudently. 

Today, however, all signs point to the fee-for-service system 
facing the fate of the dinosaurs, a trend that started prior to but 
was certainly accelerated by the passage of the Affordable Care 
Act. UnitedHealth Group, the largest commercial insurance car-
rier, has stated that it is moving away from fee-for-service payment 
(UnitedHealthcare, 2015), and U.S. Department of Health and 
Human Services Secretary Sylvia Burwell announced recently that 
50 percent of all Medicare payments will be tied to value genera-
tion by 2018 (Burwell, 2015). 

This shift toward value-based payment will have profound 
effects on the health care system, as physicians and other health 
care providers will be held financially accountable for the overall 
cost of care and the health results of their patient populations. In 
other words, providers are now exposed to part of the financial risk 
and the marginal cost of care. They must now be concerned about 
the cost per relevant outcome achieved and cannot be advocates for 
better outcomes, regardless of the cost, any longer. 

As an immediate effect, this sea change has triggered a wave 
of consolidation, as the various players have sought to acquire the 
capabilities, size, and financial muscle that would enable them to 
manage health and risk at the population level. Hospitals have 
merged with other hospitals and with physician groups, physician 
groups have merged with others, insurers have bought provider 
organizations, and health systems have started offering insurance. 
While the pre-recession years of 2005 to 2007 had an average num-
ber of 50 to 60 total mergers, 105 deals were reported in 2012 fol-
lowing the passage of the Affordable Care Act (Dafny, 2014). The 
number and percentage of physicians in independent practice also 

continue to decline, with an estimated 389,008 independent physi-
cians (57 percent) in 2000, compared with 305,575 (39 percent) in 
2012 (Gamble, 2012). 

One direct consequence of the corporatization of medical 
care is that control over business decisions increasingly shifts from 
physicians to managers. Purchasing of a much broader range of 
medical devices and supplies is now in the hands of procurement 
departments that work with group-purchasing organizations to 
negotiate volume discounts. Such centralized procurement was 
previously confined to commodity supplies, such as syringes and 
gauze pads, whereas physicians were able to order more sophisti-
cated devices, such as cardiac catheters and artificial joints, from 
their preferred suppliers. 

As physicians were typically isolated from the costs of the 
devices, they were free to base their choices on such factors as prod-
uct features and opportunities to participate in sponsored research 
projects. In turn, manufacturers focused product development and 
marketing on physicians’ needs, rather than on unit cost or overall 
cost per episode of care. Hospital executives also were not necessar-
ily concerned about cost because they could pass it on to payers and 
use access to advanced technology as a differentiator in the market-
place. Thus, manufacturers competed on innovative features and 
spectacular attributes, rather than on price.  

To illustrate, the average list price (in 2015 U.S. dollars) for 
a first-generation drug-eluting coronary stent in 2004, when two 
competing products were first on the market, was $3,081. The aver-
age list price (in 2015 U.S. dollars) for the three competing second-
generation stents, approved in 2008 based on being “non-inferior” 
to the previous models, was $3,091. 
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The advent of value-based payment radically changes the 
incentives for providers from maximizing quality and convenience, 
regardless of cost, to achieving good outcomes while holding the 
cost per episode down. As in any industry, they will pass on cost 
pressure to their suppliers. Integration of hospitals and physician 
practices and shifting of financial risk to those health systems give 
greater control to managers. Elliott Krause has termed this corpo-
ratization of a profession that goes together with loss of professional 
autonomy and self-regulation “the death of the guilds” (Krause, 
1999); we have dubbed it “the end of sexy,” as the increasing con-
trol of managers over procurement decisions will usher in a new 
paradigm for medical device innovation that will prioritize prudent 
over spectacular. 

3-D Innovation in the “Post-Sexy” Era
In response to the market shift to value-based payment, device 
manufacturers will have to pay greater attention to the implications 
of their innovations for the overall cost of care, offering patient-
centric solutions and becoming strategic partners of health systems 
rather than suppliers. The three forces that will drive future device 
innovation will be the three Ds: deinstitutionalization, de-skilling, 
and defragmentation of care in order to generate higher value. 

Deinstitutionalization means reducing high-cost inpatient care 
in hospitals and nursing homes by supporting in-home and com-
munity care and aging in place. For example, remote monitoring 
and telehealth approaches have the potential to enable management 
of patients with chronic conditions at home, thereby preventing 
costly exacerbations and admissions. 

De-skilling refers to gaining efficiency by substituting capital 
for labor—in other words, replacing expensive and scarce medical 
professionals with devices that support and automate routine tasks 
with minimal supervision. For example, the Sedasys device allows 
safe delivery of intravenous propofol for sedation during routine 
gastroenterology procedures, thereby avoiding the need for an anes-
thesiologist, who charges commercial insurers $450, on average, for 
those short procedures (Sedasys, 2015). 

Defragmentation denotes a seamless flow of data and 
insights that follows the patient across sites of care to prevent 
loss of information, duplication of services, and discontinuity in 
decisionmaking. For example, Caregiver Homes provides a technol-
ogy platform to support care for homebound elderly patients with 
several disabilities (Caregiver Homes, undated). Its web-based care 
plan can be accessed by multiple family and professional caregivers 
to coordinate care and share information.

Implications for Stakeholders

Implications for Companies
Device manufacturers who want to win in the value-based payment 
environment will need to accomplish three tasks: reorient research 
and development (R&D) investment toward frugal innovation, 
increase the sophistication of their clinical development programs, 

The three forces that will drive future 
device innovation will be the three Ds: 
deinstitutionalization, de-skilling, and 
defragmentation of care in order to generate 
higher value.
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and integrate their products with services into comprehensive 
solutions. 

Reorient R&D Investment
Comprehensive insurance coverage and fee-for-service payment 
mean that health care to date has been largely insulated from the 
threat of disruptive innovation (Christensen, 2013). This term, 
coined by management theorist Clayton Christensen, describes the 
displacement of successful companies by upstarts if they neglect 
perceived low-value segments of their market. New entrants can 
gain a foothold by serving those segments with lower-cost prod-
ucts and then disrupt the entire market through rapid innova-
tion. An often-quoted example is the personal computer (PC). 
Initially vastly inferior to the dominant mainframe computer, the 
PC offered access to computing to users who could never have 
afforded a mainframe system. Rapid improvement in processing 
speed and storage capacity meant that the PC became the tech-
nology of choice for all but the most demanding users within a 
short period of time. In the 1980s, IBM dominated the informa-
tion industry, capturing 70 percent of worldwide profits, mainly 
through mainframe sales. The technological shift from mainframes 
to PCs caught the company by surprise, contributing to a record 
loss of nearly $16 billion from 1990 to 1993 (Austin and Nolan, 
2000). Another example is the displacement of film by digital 
photography. 

Because patients (and providers) have been largely unaffected 
by affordability concerns, health care lacks such neglected seg-
ments and the corresponding opportunity for new entrants. Even 
in emerging economies that tend to lack universal health insurance, 

companies focused on a small and wealthy segment that could 
afford high-cost technologies. 

But the incentives are now changing, and companies must 
change with them. Greater exposure of patients and providers to 
the cost of care through high-deductible health plans and value-
based payments, respectively, implies nascent demand for lower-
cost, “good enough” devices. 

Thus, companies will have to reorient investment priorities 
toward frugal innovation. This change can take the form of simpler 
products with lower unit cost, a strategy that many manufactur-
ers are now pursuing with research centers in Asia (see Box 1). 
Conceivably, devices that reduce quality slightly might reach the 
market, if cost savings justify the decrement. But frugal innova-
tion does not preclude developing sophisticated products with high 
unit prices, if they can lower the overall cost of care. For example, 
the Mepilex Border Sacrum dressing, a foam dressing for the sacral 

Box 1. Device Makers’ Emerging Market Strategy and  
Reverse Innovation

Several large device companies are actively pursuing frugal innova-
tion projects to provide access to technology in emerging markets. 
Medtronic, for example, is developing a low-cost cardiac pacemaker 
that will be five to ten times cheaper than current models (Hirschler, 
2012). Siemens has developed a fetal heart rate monitor that relies 
on simple microphones rather than expensive ultrasound technology. 
It can be used without specialized training and costs a fraction of 
the $4,000 systems used in industrialized countries (Löscher, 2011). 
Crucially, such innovations, while originally conceived for developing 
markets, can eventually become “good enough” to displace the estab-
lished and costly technologies that are in use in the developed world, 
a process called reverse innovation (DePasse and Lee, 2013). 
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area (Figure 2), appears expensive, with a list price of $96, but can 
prevent the occurrence of high-cost pressure ulcers (Santamaria et 
al., 2015).  

Increase the Sophistication of Clinical Development Programs
Device companies have historically been able to obtain regula-
tory approval with a more-limited clinical development pro-
gram than their counterparts in the pharmaceutical industry, as 
devices do not interact with the body’s metabolism, which makes 
effects and side effects easier to predict. Simply speaking, manu-

facturers have to prove that their products work as intended, are 
substantially equivalent to existing products, and follow good 
manufacturing practices. Many devices can be cleared through 
the 510(k) or CE Mark process without the need for clinical 
trials, and even higher-risk implantable devices require relatively 
small trials. Head-to-head trials and label extension trials are 
also less common. 

A side effect of this easier path to market is that device compa-
nies have never had to build market access and outcomes research 
functions that are as sophisticated as those of pharmaceutical com-
panies. But with purchasing decisions now shifting from physicians 
to managers and payers, they will need to orient their clinical devel-
opment programs toward the needs of multiple stakeholders. The 
definition of value will broaden from clinical efficacy and operator 
convenience to the effect on real-world clinical and patient-centric 
outcomes and the overall cost of care per episode. 

As in the pharmaceutical industry, device companies will have 
to fold market access and pricing considerations into preclinical 
and clinical investment decisions, as opposed to regarding them 
as an afterthought once the product is approved. They will need 
to stay abreast of changes to the payment system and stakeholder 
demands and adjust their development programs accordingly. 

Not all of the required proof points, however, will have to 
come from tightly regulated and expensive premarket trials. Unlike 
regulators, payers and other stakeholders are quite comfortable 
with information gleaned from post-hoc analyses, pragmatic trials, 
observational studies, and modeling exercises. The unloved post-
market approval studies, in particular, might become a valuable 
data source to support such conversations, and so could registries 
and research consortia. 

The advent of value-based payment radically 
changes the incentives for providers from 
maximizing quality and convenience, 
regardless of cost, to achieving good outcomes 
while holding the cost per episode down.

Figure 2. Mepilex Border  
Sacrum dressing

SOURCE: Mölnlycke Health Care, undated.
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Integrate Products with Services
The emergence of new payment models enhances the pathways 
through which device manufacturers can monetize the value of 
their innovations. Historically, the revenue model was predomi-
nately based on product sales, sometimes with arrangements to 
ease the burden of up-front payment for providers. The adoption of 
value-based payment models for providers and the associated shift 
of financial risk to providers means that device companies will be 
asked to help manage that risk and will be rewarded if they do so 
successfully. 

Thus, companies will need to ensure that providers get the 
most out of their products through developing value-added services 
around the product and offering providers a package of integrated 
services that can improve quality of care and/or lower overall health 
care costs (Mattke, Klautzer, and Mengistu, 2012). Such integra-
tion of products and services into comprehensive solutions is com-
mon in other industries but is only just emerging in health care. An 
early proponent of this trend is Fresenius Medical Care, the world’s 
largest manufacturer of dialysis equipment and operator of dialysis 
facilities (see Box 2). 

Implications for Payers and Regulators
Policymakers responsible for payment and device regulation need 
to do their part to create the right conditions for frugal innovation 
to thrive in the medical device sphere. Clearly, the shift toward 
value-based payment is an important step, but payers, especially the 
public ones, need to accelerate this shift and provide better vis-
ibility into its direction. In addition, regulatory policy will play an 
important role. 

Speed Up Payment System Change and Provide a Clear 
Direction
The key to payment reform lies in the hands of the U.S. Centers 
for Medicare & Medicaid Services (CMS). Of course, its Medicare 
program is the largest purchaser of care in the United States and 

Box 2. Fresenius Medical Care

The company that is now Fresenius Medical Care started out in a town 
near Frankfurt, Germany, in 1912 as a pharmaceutical manufacturer 
that produced cold remedies, vitamins, and, later, infusion solutions. 
In the 1960s, as hemodialysis was beginning to be adopted, the com-
pany saw growth opportunities for its infusion solutions, which are 
used in great volumes during dialysis, and additional products. Fre-
senius initially ventured into distribution and maintenance of dialyzers 
and then developed its own dialysis machines and filters. Over the 
next three decades, Fresenius Worldwide Dialysis became the world’s 
largest producer of dialysis equipment (Fresenius Medical Care, 2016). 

In 1996, Fresenius acquired National Medical Care, a dialysis 
chain with around 700 centers in the United States and other countries 
(Meier, 1996). The vision was that the combination of the complemen-
tary businesses of Fresenius and National Medical Care under the 
name Fresenius Medical Care would allow the new company to align 
product development with patient needs and achieve economies of 
scale and scope, with the explicit intention of becoming the world’s 
largest integrated dialysis products and services company. 

Several companies bid on National Medical Care, but Fresenius 
ultimately prevailed. And the investment paid off. According to com-
pany statements, its share price has quadrupled in the last ten years. 
It operates over 3,000 dialysis clinics globally, which care for over 
200,000 patients—about 10 percent of the 2.2 million patients with 
end-stage renal disease who require dialysis treatment. Even though 
Fresenius Medical Care remains the largest seller of dialyzers and 
dialysis machines globally, about 75 percent of its 2012 revenue of 
13.8 billion in U.S. dollars came from dialysis services. 
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gives direction for all payers. But, almost as importantly, it plays 
a crucial role in financing the development of the science behind 
those complex new payment models. CMS-funded research has 
brought the world prospective payment for hospital care based on 
diagnosis-related groups. Its current research program supports 
the design and testing of bundled payments, accountable care, 
and capitation models, as well as the quality measures that are an 
intrinsic part of those models. 

This influential role carries with it a huge responsibility. CMS 
will need to sustain, if not accelerate, its investment into payment 
reform research, mirroring the efforts of its Innovation Center on 
the delivery side. As results come in, CMS will need to provide 
forward guidance on its specific direction, as different models differ 
substantially in how strongly they incentivize frugal innovation. 
Secretary Burwell’s announcement to tie 50 percent of Medicare 
payment to value creation by 2018 is a powerful statement, but 
the actual meaning of “tied to value creation” is yet to be defined. 
For example, the most common models of “value-based payment” 
today are patient-centered medical homes (PCMHs) and account-
able care organizations (ACOs). Both are largely based on fee-for-
service arrangements. In a PCMH, providers are paid an additional 

case management fee for chronically ill patients and may receive 
bonuses for meeting quality and patient experience targets. An 
ACO is held accountable for the overall cost of care, but, typi-
cally, only between 1 and 3 percent of its payments are at risk. 
In contrast, bundled payments, such as the recently announced 
Comprehensive Care for Joint Replacement model, and capitation 
put providers at risk for the full cost of care per episode and time 
frame, respectively. 

Device companies need to make R&D investment decisions up 
to a decade in advance of market introduction. They will need vis-
ibility into the trajectory of payment system change, as they must 
adapt to future models while operating today under the incentives 
of fee for service. 

Create a Conducive Regulatory Environment for 
Cost-Saving Innovations
Regulatory policy will play an important role in determining the 
prospects of cost-saving innovation in the medical device industry. 
Nowhere is the adage “your cost is my revenue” more true than in 
health care with generous third-party coverage. Entrenched inter-
ests have a strong incentive to oppose innovations that threaten 
their revenue base and will not be shy about using political pressure 
to keep them from accessing the market. Here, the more-limited 
clinical research programs that are required for device approval 
turn into a double-edged sword for companies. With scarcer and 
less rigorous data, the U.S. Food and Drug Administration (FDA) 
has a greater discretion over approval and the conditions that it 
attaches to an approval. 

Detractors can use this greater uncertainty and raise concerns 
about even potential or theoretical risks to patients, implying that 

As we are witnessing a fundamental change 
in how we pay for medical care, the medical 
device industry will have to adapt to the 
new incentives and reorient innovation from 
the spectacular to the prudent—the end of 
sexy. 
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lower-cost devices are endangering patients. This tactic puts the 
FDA in a politically precarious position. On the one hand, policy-
makers want it to approve cost-saving technology more quickly; on 
the other, Congress will be quite eager to rake FDA officials over 
the coals if a cost-saving technology proves to have safety problems. 

Confronted with this potential controversy, the easiest position 
for the FDA to take, politically, may be to prevent such innovations 
from entering the market, leaving insurers and consumers with 
existing products that may be more expensive. The Sedasys system 
illustrates this tension (see Box 3).

The Sedasys case study illustrates the critical role that the FDA 
could play in enabling cost-saving innovation with an evaluation 
framework that minimizes risk without preventing innovation. It 

could expand its new Expedited Access for Premarket Approval 
program, which is currently only available to devices with a clini-
cally meaningful advantage over approved products, to devices 
that offer significant cost reduction over existing products. It could 
require developers to implement risk evaluation and mitigation 
strategies and strengthen its adverse-event reporting systems. It 
could mandate post-market surveillance studies or registries to 
detect risks, which may not become apparent prior to approval. 
Admittedly, these approaches as currently implemented may not 
be sufficient, but they can form the basis of a future process that 
provides clear guidance, as well as predictable and transparent 
decision criteria, for evaluating cost-saving devices. Without such 
guidance, developers will lack the incentive to bring such technolo-
gies to market, and the upward cost spiral will continue. But at the 
same time, the agency operates under intense scrutiny and can only 
take a rational approach to risk if its paymasters in Congress permit 
it to do so. Unless Congress provides the necessary political cover, 
cost-saving innovation will remain an elusive goal.

Summary
As we are witnessing a fundamental change in how we pay for 
medical care, the medical device industry will have to adapt to the 
new incentives and reorient innovation from the spectacular to 
the prudent—the end of sexy. Established companies that manage 
this reorientation successfully and new entrants that are natives of 
the new value-based payment world will see great rewards and will 
contribute to achieving the triple aim of better health, better care, 
and lower cost in the process. Policymakers will need to do their 
part and create a conducive environment for cost-saving innovation 
to flourish. 

Box 3. Sedasys

Sedasys is a technology to sedate patients during minor surgical and 
interventional procedures with the drug propofol. It allows intravenous 
administration of the drug, combined with patient monitoring, to stop 
the infusion if sedation levels become too deep. Ethicon Endo-Surgery, 
the manufacturer of Sedasys, had executed an agreed-upon clinical 
trial program, and the device had met the prespecified primary end-
points. In 2008, Ethicon Endo-Surgery submitted a Premarket Approval 
application to the FDA and received expedited review status. In 2009, 
the FDA advisory panel had voted eight to two in favor of approval, 
but the agency overruled its own panel and asked for additional clini-
cal trials. The American Society of Anesthesiologists and the American 
Association of Nurse Anesthetists had vehemently opposed the device. 
Ethicon Endo-Surgery refused to extend the clinical trial program and 
appealed the decision. After lengthy negotiations, the FDA and the 
manufacturer finally agreed in 2013 on approving the device without 
additional trials but with strict user training and post-market surveil-
lance requirements (Frankel, 2015). 
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