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Abstract

Background: Novel approaches to diagnostics and therapeutics in
medical care reflect the scientific community’s evolving understand-
ing of disease states and their clinical implications. Marketable and
valuable innovations are generally patented for protection of intel-
lectual property. Here, we explore the landscape of cardiology-related
patents in the United States.

Methods: All United States patents granted between 2005 and 2020
were included in this study. Keywords filtering was used to identify
patents related to cardiovascular medicine. Statistical inference was
conducted with the Mann-Kendall trend and analysis of variance
tests. The results in this report are entirely reproducible with Python
and R scripts available in a publicly accessible repository.

Results: Of the 4,453,733 patents issued by the USPTO between
2005 and 2020, 31,048 (0.7%) were identified as cardiology-related
patents. We identified the top 10 institutions within the for-profit and
not-for-profit categories that were assigned the most cardiology-relat-
ed patents in this time period. Distributions of number of patents per
inventor were heavily right-skewed, with a small number of inventors
responsible for a large number of patents each. Patents in the cardiac
imaging subgroup took the longest to gain approval after submission
(median delay: 3.6 years).

Conclusions: By studying the patent universe, we are able to identify
underexplored areas within cardiovascular medicine. Obstacles such
as long delays between patent application and approval can hamper
innovation within a field. As a next step, we aim to use these results
to predict the next area within cardiovascular medicine to undergo
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Introduction

Medical innovation is undoubtedly central to the treatment of
disease [1, 2]. Novel approaches to diagnostics and therapeu-
tics in medical care reflect the scientific community’s evolving
understanding of disease states and their clinical implications
[1-3]. As individual knowledge results in new medical ideas,
academic institutions and corporations serve as a vessel to test
its ability to improve health in a person who is sick [1, 4]. Once
a medical technology/treatment is determined to provide sub-
stantial benefit, it is typically distributed to the medical com-
munity while still preserving the integrity of ingenuity with a
patent [5, 6]. Patent applications and issuances precede imple-
mentation of new therapies, providing a glimpse into the medi-
cal community’s coming advancements in patient care [6].

While using patents as a proxy for innovation may under-
mine the importance of fundamental science and technology
research, one can appreciate that patents reflect analyzing ba-
sic science for clinical applications [4]. Studying trends in pat-
ent development in particular fields of medicine, such as car-
diology, can provide insight into our growing understanding of
specific diseases states. In addition, measuring the growth of
medical knowledge in the form of patent issuance at particular
centers can help identify “hot spots” for innovation [4, 7]. This
can lead to opportunities for intellectual partnership between
universities and/or industries [4, 7].

This study analyzes United States patent issuance trends
within the field of cardiology between 2005 and 2020. We
use the framework that medical patents serve as a measure of
innovation in clinical practice [1-4]. In addition to studying
temporal trends of patents within subgroups of cardiology, we
identify which individuals, corporate institutions, and academ-
ic institutions have led innovation in recent years.

Materials and Methods

The patentpy and pandas packages in the Python programming
language were used to acquire patent data from the United
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Table 1. Number of Patents Related to Cardiology That Were
Issued Annually Between 2005 and 2020, Inclusive

Year Patent count
2005 1,047
2006 1,210
2007 1,159
2008 1,000
2009 1,155
2010 1,697
2011 1,760
2012 2,079
2013 2,378
2014 2,563
2015 2,272
2016 2,305
2017 2,538
2018 2,283
2019 2,833
2020 2,769

States Patent and Trademark Office [8-10]. A list of keywords
was generated to identify patents related to cardiovascular
medicine, with sub-lists of keywords generated to identify
patents within subgroups of cardiology (Supplementary Mate-
rial 1, www.cardiologyres.org). Keyword search of titles and
claims text from all patents issued in the United States from
2005 to 2020 was used to identify cardiology-related patents.
One hundred patents were randomly selected and manually

evaluated to determine whether they were related to cardiol-
ogy (Supplementary Material 2, www.cardiologyres.org).

This study did not involve human or animal subjects; as
such, it was exempt from IRB approval. The R programming
language and the cowplot, gridExtra, lubridate, magrittr, ti-
dyverse, and trend packages were used for data manipulation
and subsequent visualization [11-17]. Statistical inference was
conducted with the Mann-Kendall (MK) trend test [18, 19] and
analysis of variance (ANOVA) [20]. All statistical tests used a
two-sided alpha of 0.05. The results in this report are entirely
reproducible with Python and R scripts available in a code re-
pository [21].

Results

Of the 4,453,733 patents issued by the USPTO between 2005
and 2020, 31,048 (0.7%) were identified as cardiology-related
patents. The absolute number of cardiology-related patents is-
sued annually grew over time (Table 1; M-K test: z=3.92; P <
0.001). After normalizing by the total number of patents issued
annually, this pattern flattened (Fig. 1). Due to the breadth of
clinical cardiology, patents were split into the following sub-
groups: aortic; electrophysiology; heart failure; imaging; in-
fectious; interventional; oncology; surgical; valvular; and vas-
cular. These categories were overlapping; for example, patents
for surgical devices aimed at treating aortic dissection would
be included in the aortic, surgical, and vascular subgroups.
Within each of these subgroups, patents issued annually grew
between 2005 and 2020 (Table 2), with the temporal trends of
absolute patent counts visualized in Figure 2.

Within patent metadata, USPTO lists inventors, com-
prised of individuals credited with creating the innovation, and
assignees, comprised of institutions that have at least partial
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Figure 1. Cardiology-related patents issued between 2005 and 2020 as a percentage of all patents granted. Only patents issued
within the United States are included in calculations. Horizontal axis: year in which a patent was issued; vertical axis: percent of

issued patents that were related to cardiology.
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Table 2. Temporal Trends for Growth in Number of Patents Issued Annually Within Each Subgroup in Cardiology

Subgroup Total patents Trend direction Z test statistic P value
Aortic 2,786 Upward 4.28 <0.001
Electrophysiology 5,034 Upward 3.38 0.001

Heart failure 3,122 Upward 3.11 0.002

Imaging 3,480 Upward 3.88 <0.001
Infectious 1,932 Upward 3.79 <0.001
Interventional 3,588 Upward 4.42 <0.001
Oncology 1,814 Upward 4.19 <0.001
Valvular 4,866 Upward 5.00 <0.001
Vascular 10,373 Upward 3.70 <0.001

The second column lists the total number of patents issued within each subgroup between 2005 and 2020, inclusive.

ownership of the innovation. The institutions to which patents
are assigned can be split into two major groups: 1) corporate,
usually for-profit, institutions and 2) academic, usually not-
for-profit, institutions. The 10 institutions of each group that
have at least partial ownership in the highest number of car-
diology-related patents are listed in Table 3. Also notable are
patents upon which cardiology-related patents rely the most;
the 10 most cited patents between 2005 and 2020 are listed in
Table 4.

The distributions describing the number of patents be-
longing to each assignee and inventor were both heavily right-
skewed (Fig. 3; upper and central panels, respectively). This
pattern of many assignees and inventors having a small num-
ber of patents, while a small number had many patents, was re-
peated in the case of patent citations. Much like peer-reviewed
journal articles, newly granted patents cite previously granted

patents. Like the prior two distributions, the citation distribu-
tion was also right-skewed (Fig. 3; lower panel), showing that
many patents were only cited a few times, while a small minor-
ity of patents were cited many times.

Given the large number of patents that must be processed
by the USPTO, there are often years-long delays between
date of patent application and date of patent issuance. For
cardiology-related patents overall and for the 10 defined sub-
groups, the majority of patents appear to be issued within
a half-decade after application (Fig. 4), with significant dif-
ferences between subgroups (ANOVA: F =20.6; df =8; P <
0.001). Patents related to cardiac imaging take the longest
(median (interquartile range (IQR)): 3.6 years (2.5 - 4.9)) and
patents related to heart failure take the shortest (3.1 years
(2.0 - 4.5)), with about a half year difference between the
two. Overall, 80% of cardiology-related patents were issued
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Figure 2. Stratified temporal trends of the number of cardiology-related patents issued annually. Horizontal axis: year in which a
patent was issued; vertical axis: number of patents issued in a year within the corresponding subgroup.
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Table 3. Institutions Assigned the Most Cardiology Patents Between 2005 and 2020

Corporation Patent count Academic institution Patent count
1 Cardiac Pacemakers 2,054 St. Jude Medical 494
2 Medtronic 1,997 University of California 264
3 Pacesetter 949 Johns Hopkins University 128
4 Siemens 658 University of Texas 127
5 Philips 499 Cleveland Clinic 115
6 Edwards Lifesciences 409 Stanford University 98
7 General Electric 373 Brigham & Women'’s Hospital 89
8 Toshiba 335 Massachusetts General Hospital 87
9 Zoll Medical 272 Massachusetts Institute of Technology 76
10 Boston Scientific Scimed 238 Mayo Clinic 75

Both, corporate and academic, institutions are considered.

within 5 years of application and 99% were issued within a
decade of application.

Discussion

The number of cardiology-related patents issued annually in
the United States nearly tripled between 2005 and 2020, with
each subfield within cardiology also demonstrating an up-
ward trend in issued patents. Of note, the aortic subgroup is
a strict subset of the vascular subgroup. This diverges from
their definitions as clinical practice as vascular specialists tend
not to manage aortic conditions, which generally fall under the
care of cardiologists or cardiac surgeons. The sharpest upward
trend was noted in the valvular subfield with a majority of the
most cited patents also relating to cardiac valves. The trend
could be a consequence of increased interventional capabilities
within recent years. This result leads to strategic insight in at
least the following two forms: 1) it guides research by expos-
ing underexplored subfields of cardiology and 2) studying the
early rise of valvular patents can permit identification of the

next “hot” subfield within cardiology and guide financial in-
vestment. Also noteworthy in the results is the years-long and
subspecialty-dependent lag between patent application and is-
suance. Studying historical trends in this time lag guides plan-
ning and strategy for patentable innovations in any context,
whether in academic institutions or corporations. Identifying
institutions with prolific histories of granted patents helps
identify hotspots of innovation within the United States. These
institutions would not only have an established record of pat-
ents reflecting past innovation, but they would also likely have
developed streamlined processes to integrate innovation into
the workflow and culture of the institution. This is analogous
to the idea that hospitals with physicians managing a high vol-
ume of rare conditions, e.g., cardiothoracic surgeons managing
a high volume of aortic dissections, generally develop more
efficiency and improved outcomes for those conditions.

A clear strength of this study is that every patent issued in
the United States was collected; thus, if we trust the keyword
filtering process, the patents analyzed in this report constitute
a population and not a sample. This lends greater meaning and
significance to the exploratory analysis conducted. Another

Table 4. The Patents Most Cited By Cardiology-Related Patents Issued Between 2005 and 2020

mumber | Patent e your cited
1 5411552 Valve prothesis for implantation in the body and a catheter for implanting such valve prothesis 1995 765
2 6730118 Implantable prosthetic valve 2004 723
3 6458153 Endoluminal cardiac and venous valve prostheses and methods of manufacture and delivery thereof 2002 684
4 5855601 Artificial heart valve and method and device for implanting the same 1999 683
5 5332402 Percutaneously-inserted cardiac valve 1994 650
6 5331966 Subcutaneous multi-electrode sensing system, method and pacer 1994 647
7 6425916 Methods and devices for implanting cardiac valves 2002 644
8 6893460 Implantable prosthetic valve 2005 639
9 5840081 System and method for implanting cardiac valves 1998 638
10 5957949 Percutaneous placement valve stent 1999 634

Note that the listed patents may not be directly related to cardiology, but only citations by cardiology-related patents are included in the listed counts.
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Figure 3. Distribution of patent assignees, inventors, and references. For all panels, a right-skewed histogram is visualized us-
ing a logarithmic scale for the vertical axis. In the upper panel, the histogram visualizes the number of patents per assignee; the
central panel visualizes the number of patents per inventor; and the lower panel visualizes the number of citations received by

each patent that was cited at least once.
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Figure 4. Stratified temporal lag between patent submission and issuance. Boxplots of time (years) elapsed between the date
a patent was submitted to the USPTO and the date it was issued. Left panel visualizes all patents; right panel excludes outliers

and allows clearer comparison between subgroups.

strength is this study’s reproducibility. By providing a fully
reproducible and publicly available software pipeline, not only
can interested readers confirm and replicate results, but mo-
tivated readers can also adjust the pipeline. Adjustments can
lead to deeper analysis with further inferential testing, broad-
er analysis via inclusion of patents from other specialties of
medicine, and even profitable analysis with modeling aimed
at predicting revenue trends for publicly traded corporations.
Measuring patent issuance has limitations. Importantly,
the number of cardiology-related patents from an academic
institution or corporation does not necessarily correlate with
a quantifiable impact on medical practice. This is at least par-
tially because solely quantitative analysis does not capture the
differences in patent quality. One potential measure for patent
quality and impact is how often it has been cited [22]. Measur-

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

ing how often a cardiology-related patent is cited could serve
to improve identification of influential centers that drive inno-
vation within cardiology. Another limitation inherent to patent
data is that sufficiently protecting a single piece of intellectual
property sometimes requires more than one patent, effectively
increasing the number of patents without corresponding in-
novation. Most likely, this confounding factor differentially
affects patents of different classes, e.g., patents for devices
versus patents for drugs. Due to data limitations, this study
could not identify whether cardiovascular patents were related
to pharmaceuticals or medical devices. Specifically, due to a
higher number of incremental improvements in devices versus
drugs, patents in the former group likely have a higher average
number of citations. This particular example is highlighted in
Table 4, which lists no drug patents in the top 10 cited patents
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despite the monumental benefit of pharmacologic patents on
cardiovascular disease. A potential solution to this scientomet-
ric issue involves standardizing the citation metric based on
the class of patent. Yet, this poses a setback, i.e., creation of a
new type of classification system not currently in place. Thus,
the problem of measuring patent impact is analogous to the
problem of measuring peer-reviewed journal article impact.

When selecting keywords to isolate cardiology-related
patents, we chose to maximize specificity at the cost of sensi-
tivity. In particular, we only selected patents that directly relat-
ed to cardiovascular medicine. As an example, consider a car-
diothoracic surgeon with a patent related to valve replacement
and a patent related to a chest tube. Since the valve replace-
ment patent has a direct relation to cardiovascular medicine,
i.e., the patient’s care under a medical cardiologist would be
directly affected by the replaced valve, the first patent would
be included in our dataset. However, since the present of a
chest tube placed after valve replacement surgery would not
necessarily affect care under a medical cardiologist after dis-
charge, the second patent would not be included in our dataset.
Similarly, innovations with broad implications for medicine
not specific to cardiology would not have been included in the
dataset either. This implies that our results likely underesti-
mate the number of cardiology-related patents that have been
granted. However, we assume that we have underestimated the
number of patents equally across all subspecialties, preserv-
ing the presented trends. Essentially, while the general results,
such as directions of trends, are valid, the exact numbers pre-
sented should be taken with a grain of salt.

The clear right skew in the distributions visualized in
Figure 3 shows that while there are many players in the pat-
ent network, a small number of players are responsible for a
disproportionately large number of granted patents. For the
distributions of assignees and inventors, this could represent
the presence of innovation hotspots across the nation that are
responsible for driving forward innovation within cardiovas-
cular medicine. Of note, when visualized with a logarithmic
vertical axis, the distributions do exhibit a degree of linearity
consistent with power-law distributions. Further investigation
is necessary to confirm whether these thick-tailed histograms
can be considered power-law distributions. If true, this insight
would have a significant impact in the sub-disciplines of scien-
tometrics and bibliometrics that focus on patents. This would
also allow taking advantage of mathematical concepts, e.g.,
graph theory and machine learning, to predict cardiovascular
innovations using patent data [23].

Although citations to a patent may serve as a useful quan-
titative measure of its direct impact, the value (tangible and
intangible) of a patent is more challenging to discern. If inter-
ested in the financial value, accurate estimation would require
knowledge about the negative cash flows leading up to patent
issuance and positive cash flows following it. Even financial
statements of publicly traded and not-for-profit corporations
would not include this information in detail for each patent.
Estimating economic value poses a more complex challenge,
requiring information about the number of patients who ben-
efitted from the patent, the mean number of quality-adjusted
life years saved per patient, and so on. Economic impact analy-
ses of specific patents could be theoretically estimated based

340 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

on need and expected market penetration; however, this would
lead to a high degree of uncertainty that could only be vali-
dated years after patent issuance. While this form of economic
analysis is certainly possible and could be pursued by cor-
porations attempting to estimate revenue, it also comes with
many issues that would limit utility in an academic context.
It should be noted that the financial value of a patent would
not necessarily serve as a useful proxy for economic value. A
clear example of this would be a patent that is not marketable
itself but serves as an intermediate step upon which a corpora-
tion or its competitors build in order to successfully develop a
marketable innovation. Another relevant example would be a
patent with a valuable innovation whose financial value drops
because a competitor adds modifications to preserve function
yet avoid breach of intellectual property.

Here, we explore the landscape of cardiology-related pat-
ents in the United States. Even exploratory analysis provides
useful insights from this hitherto underused dataset. Further
inferential and predictive analysis of the rich data should yield
insight into the innovation expected within the field of cardio-
vascular medicine in the upcoming years. This report opens
multiple avenues for next steps. In particular, retrospective
analysis of the valvular subfield may lead to identifying drivers
of innovation within the patent database, and permit research-
ers and investors to predict the next subfield within cardiology
with the most rapid development. In contrast to studying the
more mature valvular subfield, there is also considerable ben-
efit in studying fields like preventive cardiology. Specifically,
there remain significant unaddressed niches within preventive
cardiology, scientific [24] and interpersonal [25], that have the
potential to improve societal cardiovascular health. The scien-
tific subset will certainly be addressed, not only through guide-
lines, but through new innovation in the area, and can thus be
studied via patents. Additionally, further data enhancement to
link institutions and their corporate subsidiaries would permit
accurate evaluation of whether cardiovascular innovation is
led by individual inventors, academic institutions, or for-profit
corporations. In-depth study of the landscape of cardiovascu-
lar patents could help physicians and scientists address unmet
patient need and improve long-term clinical outcomes.

Supplementary Material

Suppl 1. Keywords for cardiology-related patents.
Suppl 2. Manual evaluation of cardiology-related patents.
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