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Physician-Industry
Cooperation In The Medical
Device Industry

When physician-inventors team up with industry, is it collaborative
innovation or conflict of interest?

by Aaron K. Chatteriji, Kira R. Fabrizio, Will Mitchell, and Kevin A.
Schulman

ABSTRACT: Anecdotal evidence suggests that innovative medical devices often arise from
physicians’ inventive activity, but no studies have documented the extent of such physician-
engaged innovation. This paper uses patent data and the American Medical Association
Physician Masterfile to provide evidence that physicians contribute to medical device inno-
vation, accounting for almost 20 percent of approximately 26,000 medical device patents
filed in the United States during 1990-1996. Moreover, two measures indicate that physi-
cian patents had more influence on subsequent inventive activity than nonphysician pat-
ents. This finding supports the maintenance of an open environment for physician-industry
collaboration in the medical device discovery process. [Health Affairs 27, no. 6 (2008):
1532-1543; 10.1377/hlthaff.27.6.1532]

medical device companies and practicing physicians. Media outlets have re-
cently highlighted conflicts of interest that can arise from close collabora-
tion between physicians and medical device companies.' In particular, concerns
have been raised about physicians’ financial conflicts of interest in recruiting pa-
tients to clinical trials and in reporting results of clinical testing to the medical
community.” Critics worry that payments by medical device companies to practic-
ing physicians will influence their decisions about which devices to use and how
to document patient outcomes and, in turn, will compromise patients’ welfare.
By contrast, device firms and physicians that work with them argue that the
corporate relationships are essential to device innovation. In this view, physicians
provide essential knowledge of technology and medical practice that become in-
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corporated into new devices. Involvement in activities such as clinical trials and
testing is one of the means by which physicians can both learn about new technol-
ogy and pass information about technology to commercializing companies.

This debate requires data concerning the extent to which physician-industry
collaboration contributes to technology invention and development. Anecdotal
evidence suggests that physicians often play key innovative roles in medical de-
vices.> However, little systematic evidence exists. If, in fact, physicians rarely con-
tribute to device innovation, then policymakers may want to create strict barriers
to physician-industry interaction to limit conflicts of interest. Alternatively, if
physician-led invention is common, then an approach that supports physician-
industry interaction while mitigating concerns about conflicts of interest may be
required. This paper helps document the role of physicians in the medical device
discovery process.

Managing Medical Device Innovation

The medical device sector is highly research-intensive. Medical device compa-
nies spend about 9-11 percent of sales on research and development (R&D), sec-
ond only to the pharmaceutical sector and four times the average for the manufac-
turing sector as a whole.* Small companies in this industry (those with less than
$5 million in revenue), including many start-ups and highly innovative firms,
spend 343 percent of revenue on R&D, on average.” The leading medical device
companies derive the majority of their revenues from products that are less than
two years old, as a result of competition from fast imitators.® The life cycle for new
products in the medical device industry lasts about eighteen months, making new
product innovations crucial for firms.” Their key challenge is to conceive new
ideas, anticipate market demand, manage product development, gain regulatory
approval, and encourage adoption of new technologies and new generations of ex-
isting technologies.

B Physicians’ contribution to the invention process. Firms that develop strat-
egies to detect and acquire knowledge residing outside the firm have the most suc-
cess in maintaining their innovative edge.® In the medical device industry, practicing
doctors represent an important source of external knowledge regarding unmet
needs, customers’ preferences, and potential opportunities for either refining exist-
ing products or creating novel products that would be well received by other doc-
tors and medical professionals.’

Physicians may contribute directly to the innovation process by inventing med-
ical devices themselves. This kind of “user innovation” has been documented in di-
verse settings such as scientific instruments, snowboards, and software.’ In the
device industry, famed physician-inventors such as Thomas Fogarty have patented
numerous inventions and founded multiple companies. Doctors often have the
best knowledge about unmet clinical needs and the clearest sense of the most fea-
sible solution to a particular problem, which provides unique insights about mar-
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ket needs, product modifications, and new products. Doctors’ knowledge is
derived from using the device—they know what is problematic, which improve-
ments are most critical, and which solutions are preferable from the perspective of
the end user. The depth of this knowledge is based on the experiences of the doc-
tor and may be difficult to convey to industry researchers without the benefit of
close communication and a relationship that develops trust.

B Physicians’ manufacturing and marketing functions. Physicians who in-
vent new devices or modify existing devices typically do not manufacture and mar-
ket the devices themselves." Although there are some examples of physician-
inventors who became entrepreneurs and started their own companies to bring
their inventions to market, most physicians focus on their job as doctors and lack the
business and regulatory knowledge required to manufacture and market a device.
Instead, most physicians with innovative medical device ideas transfer their ideas to
medical device companies, often after patenting an invention that they then license
for development, approval, and marketing. Such licenses often involve continuing
engagement with the company, so that the physician's knowledge can continue to
help shape the development of the new technology.

A Snapshot Of Physician Innovation

W Data sources. To evaluate the role of physician-inventors in the medical de-
vice industry, we used data from the American Medical Association (AMA) Physi-
cian Masterfile and the National Bureau of Economic Research (NBER) patent data-
base.”? Bringing these data sets together, we used an algorithm to match the names of
doctors in the AMA data to inventors’ names in the patent data, using city and state
location information from both files to eliminate potential false matches.” This ap-
proach allowed us to identify which medical device patents had at least one inventor
who was a licensed physician."

The average number of inventors on medical device patents in our sample was
1.98, so the presence of one doctor represents a major contributor to the inven
tion.” Note that inventor status on a patent involves legal rights and responsibili-
ties and determines ownership of the patent. Incorrect attribution of patent
inventorship may invalidate a patent.'® Thus, inventorship is likely to represent the
actual contributions of inventors to the invention.

Of course, this approach provides only a partial picture of physicians’ involve-
ment in device innovation. Many innovations are not patented and so will not ap-
pear in the data. Nonetheless, the patenting records provide a meaningful assess-
ment of physician innovation.

B Measuring the extent of physician innovation. To explore the role of physi-
cians’ innovation in this context, we sought to answer two questions. First, what is
the extent of this innovation in the medical device industry, as measured by patent
counts? Second, what is its relative importance? We would have liked to examine
the corresponding sales of medical devices invented by doctors, but there is no reli-
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“Evidence suggests that doctors are important sources of device
innovation and is consistent with other studies of user innovations.”

able way to match patents to commercialized products. Instead, we focused on the
degree to which later inventions referenced a particular invention as a measure of
the focal invention's importance in the stream of technological developments, which
in turn will affect both corporate sales and patient welfare.

B Measuring the impact of physician innovation. We used two measures of
impact. One measure of the importance of a patented innovation involves counting
the number of citations it receives in subsequent patents.” Much like an influential
academic paper, important patents will generate follow-on inventions. These fol-
low-on inventions are legally required to cite patented prior art on which they are
based. Being cited by a large number of follow-on inventions indicates that the origi-
nal invention has been influential in a large number of technological advances. Con-
sistent with this interpretation of patent citations, for example, Manuel Trajtenberg
found that the number of citations received was closely associated with independ-
ent measures of the social value of computed tomographic (CT) scanner inven
tions."® Researchers often compare the number of citations received by two patents
to evaluate which has been more influential.

A second way to measure the impact of a patented invention is to consider the
breadth of technological space that it influences. Patents that influence follow-on
technologies across a more diverse set of areas have a broader impact. We cap-
tured the breadth of citations received with a generality score developed by
Trajtenberg and colleagues.”” The higher the generality score, the more diverse the
range of technologies that build upon the original patent.”®

To accurately measure both aspects of invention impact, we needed a sampling
frame that would allow us to observe a reasonable time period after the technol-
ogy was patented and during which the follow-on citations could occur. We ex-
amined patents granted between 1990 and 1996 to provide an appropriate “post-
patent” period (until 2002) over which to assess the impact of the patents.

B Number of doctors holding patents. There were 26,158 patents granted in
the nineteen medical device patent classes identified by the U.S. Patent and Trade-
mark Office from 1990 through 1996, which collectively received more than 344,000
citations. Of these medical device patents, 5,051 (19.3 percent) had at least one inven-
tor who was a licensed physician. Hence, nearly one in five of the patented inven-
tions in this field were invented by doctors or with the participation of doctors.
Since the patent application process is costly in terms of both time and money, this
figure does not include the products of “tinkering” by doctors that never result in
patented inventions but do affect medical practice.

These results are the first large-sample evidence of the extent of physician inno-
vation in the medical device industry. This evidence strongly suggests that doctors
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are important sources of device innovation and is consistent with other studies of
user innovations. For example, Eric von Hippel and colleagues found that 20-80
percent of important innovations in scientific instruments, software, and sports
equipment are generated by users.” However, in a tightly regulated, R&D-inten-
sive industry such as medical devices, we were surprised to find that users ac-
counted for such a high percentage of innovations.

B Employment of physician inventors. Consistent with the idea that physi-
cian-inventors are often practicing physicians, almost 60 percent of physician-
inventors with identified affiliations worked either in a group practice, two-physi-
cian practice, or solo practice (Exhibit 1). In addition, sizable portions work in more
complex institutional settings that include medical practice, including medical
schools, nongovernment hospitals, and a range of other hospital venues. The core
point is that practicing physicians in a wide range of U.S. medical settings com-
monly engage in medical device inventive activity.

B Patenting activity by physician specialty. Physicians from seven specialties
generated more than 50 percent of the patents: orthopedic surgeons, general sur-
geons , and cardiologists make up the largest share of the inventions, followed by an-
esthesiologists, internists, ophthalmologists, and diagnostic radiologists (Exhibit
2). Although these areas clearly represent much of the inventive activity, there is
considerable dispersion of inventive activity across many specialties. These differ-
ences likely reflect the size of the fields, the number of unmet clinical needs, and the

EXHIBIT 1
Primary Employment For Physician-Inventors Of Medical Devices, 1990-1996

Employment setting Percent of sample
Group practice 31
Two-physician practice 4
Self-employed solo practice 24
Medical school 8

Nongovernment hospital 8
Other non—patient care 3
City/county/state hospital 2
Federal government hospital (veterans) 1

Other patient care 1

HMO 0.3
Federal government hospital (U.S. PHS) 0.3
City/county/state other 0.2
Federal government hospital (Army) 0.2
Federal government hospital (Navy) 0.1
No classification 16

All other <1.0

SOURCE: Authors’ calculation.
NOTES: HMO is health maintenance organization. PHS is Public Health Service.
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EXHIBIT 2
Specialties Of Physician-Inventors, 1990-1996 Medical Device Inventions

Percent
Number of physician Cumulative
Specialty patents patents percentage
Orthopedic surgery 587 11.6 11.6
General surgery 487 9.6 21.2
Cardiovascular disease 481 9.5 30.7
Anesthesiology 322 6.4 37.1
Internal medicine 284 5.6 42.7
Ophthalmology 278 5.5 48.2
Diagnostic radiology 230 4.6 52.8
Family medicine 153 3.0 55.8
Plastic surgery 141 2.8 58.6
Gastroenterology 120 2.4 61.0
Emergency medicine 113 2.2 63.2
Urology 116 2.3 65.5
Obstetrics/gynecology 110 2.2 67.7
Neurological surgery 107 2.1 69.8
Vascular surgery 107 2.1 719
Thoracic surgery 101 2.0 73.9
Otolaryngology 83 1.6 75.5
Other specialty 76 1.5 77.0
Unspecified 73 1.5 78.5
Dermatology 61 1.2 79.7
General practice 59 1.2 80.9
Psychiatry 56 1.1 82.0
Pediatrics 57 1.1 83.1
Gynecology 56 1.1 84.2
Hand surgery 51 1.0 85.2
Pulmonary diseases 48 1.0 86.2
Radiology 48 1.0 87.2
Neurology 41 0.8 88.0
Anatomic/clinical pathology 34 0.7 88.7

SOURCE: Authors’ calculation.

NOTES: The exhibit reports sources of 4,480 of the 5,051 doctor patents (88.7 percent of the total); in the interest of space,
we omitted specialties with less than 0.7 percent of the total. “Percent physician patents” is the percentage of all physician-
invented patents in the sample that fall into each specialty category.

technological opportunities in these specialties.

B Patents’ importance. Based on a comparison of the mean number of citations
received and the generality of these citations, we found that physician patents both
received more citations (15.2 versus 12.7) and had higher generality scores (0.41 ver-
sus 0.39) than corporate inventions, with both differences statistically significant at
better than the 1 percent level (Exhibit 3).?? In addition, comparing the mean num-
ber of citations from follow-on inventions that were developed by corporations indi-
cates that doctors also received more citations from follow-on industry-generated
inventions (12.5 versus 10.5).”
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EXHIBIT 3
Sample Summary Statistics For Physician And Nonphysician Medical Device
Inventions: Means And Test For Difference Of Means

Difference
Full Physician Nonphysician (physician:
Variable sample inventions inventions nonphysician)
Number of cites received 13.16 15.23 12.66 2.57%x*
Number of industry cites received 10.88 12.55 10.47 2.07***
Generality of citations received? 0.39 0.41 0.39 0.02%**

SOURCE: Authors’ calculation.

NOTES: The means of generality for the full sample and nonphysician subsample appear the same because of rounding.
N = 26,158 (full sample); n = 5,051 (physician); n = 21,007 (nonphysician).

2The higher the generality score, the more diverse the technologies that have built upon the original patent.

*¥¥kp <0.01

Discussion

Our results provide evidence that physicians play an important role in the med-
ical device innovation process. Physicians contributed to almost 20 percent of the
patents in this sample of more than 26,000 patents. Furthermore, physician pat-
ents were more highly cited by subsequent patents than nonphysician patents and
had higher generality scores representing the breadth of the invention. The main
conclusion is that doctor innovations in the medical device industry are important
for device innovation in the United States.?*

B Quantifying the value of impact. It is useful to place the impact results into
context. What does an additional citation really signify? Attempts to quantify the
value of important inventions, as represented by the number of citations received,
provides some indication of the magnitude of our results. In analyses of the relation-
ship between the average number of citations received by a firm’s patents and the
firm’s market value, Bronwyn Hall and colleagues found that one additional citation
increased the firm’'s market value by more than 3 percent.” This is consistent with
the “million dollar” value per citation suggested by Dietmar Harhoff and colleagues
as well as findings in other studies of patent indicators.® These findings suggest
that a difference of even one citation indicates much difference between inventions.
Our findings suggest that physician-generated inventions receive on average 2.5
more citations than other medical device inventions—a major difference in the value
of these inventions.

B Study limitations. There are several limitations to this analysis. First, although
we constructed a rigorous matching algorithm based on geographic characteristics
common to our physician and invention data sets to identify physician-inventors of
patents, we could not ensure that the match was fully accurate, especially for com-
mon names. Second, our measures of impact of physicians’ invention are indirect
measures, because we could not be sure which patents were incorporated into mar-
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keted products. Finally, it is impossible to know from the patent data if and when
patents were licensed. Therefore, we could not evaluate the frequency or perfor-
mance of physician inventions licensed by medical device companies. Nonetheless,
the results provide robust evidence that physicians are active medical device patent-
ers and that their patents are common components of subsequent innovations.

Policy Implications And Recommendations

Patients benefit from progress in medical science through the creation of inno-
vative goods and services that bring advances to the clinical realm. Medical de-
vices are one class of products that can accomplish this goal. The life cycle of
device innovation, as for other new products, involves three steps: discovery, de-
velopment, and dissemination. This study provides evidence that physicians are
deeply engaged in the discovery stage, where patenting is most common. Indeed,
the results undoubtedly understate physicians’ engagement in discovery, because
many novel ideas are not patented. The Bayh-Dole Act was enacted in part to stim-
ulate this process by encouraging research in academic settings.”

Physicians’ engagement in device invention includes both academic and, more
frequently, nonacademic settings. Frankly, we were surprised by the degree of in-
novation among physicians in nonacademic settings. This innovation seems to oc-
cur without many of the support structures and incentives available in academic
settings. Although this finding merits further research to characterize this innova-
tion, our findings suggest that physicians’ involvement in medical device innova-
tion goes well beyond traditional research settings.

B Support physician-led discovery outside academe. One policy recommen-
dation, therefore, is to create initiatives that support physician-led discovery outside
traditional academic settings. Such initiatives could include small-scale seed fund-
ing for inventive projects in clinical practices and nonteaching hospitals or ex-
panded support for physician-inventors bringing ideas through the “valley of death”
between discovery and commercialization. These initiatives, which could be man-
aged by the National Institutes of Health or other institutions, could yield sizable
payoffs by expanding the scope of traditional settings for device innovation.

B Facilitate physicians’ knowledge transfer. The study also has implications
beyond the discovery stage. The literature on the management of innovation has
long demonstrated the value of connecting people who are engaged in discovery to
subsequent steps of development and dissemination to facilitate knowledge transfer
throughout the innovation cycle.?® By inference, therefore, this study suggests that
there are benefits to allowing and encouraging physicians to engage in development
and dissemination, which typically involves collaboration with commercializing
firms, to facilitate innovative activity that will benefit patients. Some of these com-
mercial collaborations will involve the patenting physicians, and others will involve
other physicians with insights that contribute to effective development and usage.
In either case, physicians’ insights about inventive opportunities often make key
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“Policies need to maintain the benefits of facilitating physician
innovation while limiting the potential for conflicts of interests.”

contributions to commercialization of successful medical device innovations.

B Limit potential conflicts of interest. Nonetheless, with opportunities for
physicians to engage in innovation come potential conflicts of interest that can harm
patients’ welfare by biasing physicians’ decisions.” That is, the paradigm of advanc-
ing science and patient welfare through physician-engaged product innovation
raises the potential for conflicts of interest on the part of physicians, their institu-
tions, and their industry sponsors.

Avoid absolute barriers to physician-industry collaboration. One approach to limiting
conflicts of interest would be to create barriers to collaboration among physicians
and corporations in activities such as product testing and clinical trials. However,
by extension, our study suggests that strict limits on collaboration would inhibit
the flow of ideas from physician-led discovery through development and into
medical practice.

Thus, a second policy implication of the study is that regulations should avoid
absolute barriers to physicians’ engagement in corporate development activities.
Instead, policies should take a more nuanced approach to managing potential con-
flicts of interest. That is, public policies need to maintain the benefits of facilitat-
ing physician innovation while limiting the potential for conflicts of interests on
the part of physicians and industry. Industry also needs to be supported in its
commitment to continue to engage physicians in these efforts.

Increase the scope of congressional transparency requirements. Bias arising from conflicts
of interest will be most pronounced when there is a lack of transparency about the
roles that physicians play in a given stage of the innovation cycle. The lack of trans-
parency has been highlighted by reports in the lay and medical press illustrating
examples of physicians’ serving multiple roles in this process without informing
others.* Hence, a key element of public policy is to ensure reliable transparency of
relationships between physicians and corporate sponsors.

Congress is considering legislation to assure the public of transparency in phy-
sicians’ relationships with industry. Several proposals for “sunshine” laws would
require disclosure of financial relationships between physicians and product man-
ufacturers. These requirements would augment existing financial disclosure re-
quirements that exist in continuing medical education, publication in the peer-
reviewed literature, and clinical investigation.”

Our findings suggest that physicians are active in medical device innovation as
early as the discovery stage. In turn, transparency should apply from the begin-
ning of the innovative life cycle. Hence, a third policy implication of the study is
that sunshine requirements should apply to physicians’ engagement in commer-
cial activity at the discovery stage, as well as at subsequent development and dis-
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semination stages.

Mandate audit mechanisms for financial transparency. Finally, for such disclosure re-
quirements to be effective at any stage of the innovation life cycle, there will need
to be audit mechanisms that compare disclosures with company data and high-
light discrepancies between physicians and industry (of course, legitimate differ-
ences may exist between these sources based on differences in accounting and re-
porting methods adopted by all parties). To ensure that these provisions include
private firms that could have sizable physician investment, the sunshine provi-
sions should relate to all firms that have products approved for marketing by the
U.S. Food and Drug Administration or for which there is a provision for payment
under Medicare or Medicaid.

MPIRICAL EVIDENCE sUPPORTS the proposition that physicians are im-

portant contributors to medical device innovation. This evidence supports

the need to foster the role of physicians in technology discovery and to be
mindful of this role as policymakers consider conflict-of-interest policies that af-
fect collaboration between physicians and corporations. An R&D climate that fos-
ters physicians’ participation in the discovery process may produce more and
better medical devices than a climate that discourages physicians from participat-
ing. The public would benefit, however, from efforts to promote reliable transpar-
ency in physician-corporate relationships throughout the innovation life cycle.
Kevin Schulman has made available a detailed listing of financial disclosures; it is available online at http://
content.healthaffairs.org/cgi/content/full/27/6/1532/DCL.
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