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Citation classics have been published in many fields of medicine; however, none have focused
on interventional cardiology. The goal of this study was to identify the top 100 articles in
the field of interventional cardiology and highlight their important trends and character-
istics. The Scopus database was used by 2 independent reviewers to extract the top 100 articles
using a variety of keywords. We found articles published between 1953 and 2012. Major-
ity (n =78) of the top 100 articles were published between 1996 and 2010, and the United
States was affiliated with the highest number of articles in our list (n = 68). Over half (n = 54)
the articles were funded. Private funding was correlated with higher citations (p = 0.036).
A third (n =33) of the papers had authors with conflicts of interest; however, conflict of
interest had no effect on citations (p = 0.837). Majority (n = 57) of the articles studied coro-
nary angioplasty and stenting; followed by coronary angiography (n = 14). Women were
underrepresented, with only 11 female first authors in the top 100 papers, and only 1 female
in the list of top authors who had 5 or more publications. In conclusion, the following fea-
tures define the typical highly cited article in interventional cardiology—a clinical trial
conducted in the United States, which studies angioplasty, and has been published rela-

tively recently in a high-impact journal by a male first author. © 2017 Elsevier Inc. All
rights reserved. (Am J Cardiol 2017;120:2100-2109)

Bibliometric analysis is a technique used to analyze pub-
lished literature to study citation frequency and patterns. This
method helps estimate the impact of articles within a field,'?
and is a powerful tool in helping direct research by high-
lighting problems and novel discoveries. Institutions can use
this analysis to guide the utilization of their limited resources.’
For example, it has been proposed that funding from the
National Institutes of Health (NIH) has not been reaching
the most influential scientists in the United States. A study
has suggested channeling research funds to authors who
have papers with extremely high citation counts.* Although
controversial,’ the utilization of such a method can effec-
tively distribute NIH’s multibillion dollar budget. Numerous
studies have been conducted in various specialties and
subspecialties to determine the characteristics of highly cited
articles.®'? However, no such study has investigated the impact
of funding source and conflict of interests on citations. More-
over, no citation classic has been performed in the field of
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interventional cardiology. Thus, the objective of this study
was to present and analyze the 100 most cited articles in
interventional cardiology and look at effect of study funding
and conflict of interest on citations.

Methods

Scopus was selected as the database of choice for this study.
Two independent reviewers (MSU and NH) independently
carried out trial searches to identify several articles on
interventional cardiology. All the articles were transferred to
endnote, and repeating keywords were identified. With the
consensus of all reviewers, the following keywords were se-
lected for the search: “coronary angiogra*,” “coronary
angioplasty,” “Percutaneous,” “Percutaneous valv*,” “Cath-
eter,” “Stent*,” “atherectomy,” “Transcatheter,” “ablation,”
“coronary arteriography,” “fractional flow reserve,” “throm-
bectomy,” “pacemaker insertion,” and “defibrillator implant.”
A wildcard character (*) was used in appropriate places to
account for spelling differences and plurals. Furthermore,
common abbreviations, such as percutaneous coronary in-
tervention (PCI), percutaneous transluminal coronary
angioplasty (PTCA) and fractional flow reserve (FFR) were
included. All the terms were searched for in the title, ab-
stract, and keywords.

In the first week of March 2017, 2 investigators (MSU and
NH) carried out the search and were blinded to the results
of each other during the process. No time interval was set,
and studies without abstract, studies in languages other than
English, and nonhuman studies were considered as well. Origi-
nal articles in the field of interventional cardiology were part
of the inclusion criteria. These included, but were not limited
to, studies on coronary angiography, angioplasty and stenting,
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carotid artery stenosis repair, percutaneous valve replace-
ment, thrombectomy, valvuloplasty, and percutaneous valve
repair. Selected articles were arranged using the “cited by”
option, and lists from both reviewers were compared and any
discrepancies were solved by discussion.

The selected articles were thoroughly analyzed to extract
important information. The countries of all authors were taken
into consideration when determining the origin of an article.
The citations-per-year value was calculated for all articles.
The journal impact factors were obtained from Institute of
Scientific Information Journal Citation Reports. IBM SPSS
Statistics (v23.0, International Business Machines, Chicago,
IL) was used to run the Pearson product-moment correla-
tion coefficient test to find the correlation between impact
factor of the journal and the number of articles of the journal
in the list. This software was also used to run the Mann-
Whitney U test to find the association between the type of
funding a study received and the number of citations it gar-
nered. Chi-square test was used to study the association
between presence of funding in a study and its outcome
(significant/nonsignificant). Microsoft Excel 2016 was used
to create charts and tables. A p value of lesser than 0.05 was
considered significant in all cases.

Results

Table 1 lists the top 100 articles in the field of interventional
cardiology. The mean number of citations of all 100 articles
was 1,384 while the median was 1,123 (interquartile
range 607). The median citations-per-year was 76 (interquartile
range 64.7). The total citations of all articles equaled 138,992,
and 5.97% of these were self-citations. Figure 1 shows how
the total citations of these articles varied by year.

A total of 958 different authors contributed to the 100 ar-
ticles, with a median of 10.5 authors per paper. Thirteen authors
had 5 or more articles in the top 100 list, and only 1 of these
was a female. These top authors are listed in Table 2. Eleven
percent of the first authors in our list were females. All of
the 13 top authors had received private funding, and had con-
flicts of interest in at least 1 of their articles in the list.

Several countries were affiliated with our articles (Figure
2). Twenty-six percent of the articles originated from mul-
tiple countries. The 100 articles were published between 1953
and 2012. Figure 3 shows the number of articles that origi-
nated in each 5-year interval. According to our analysis, 2001
to 2005 was the most productive research interval in this field.
Cleveland Clinic Foundation was the institution affiliated with
the most articles in our list (n = 14).

Only a small group of 12 journals contributed to the ar-
ticles in our list. The top 5 journals are listed in Table 3, along
with their impact factors. Majority (n=57) of the articles
studied coronary angioplasty and stenting; the next most
studied area was coronary angiography (n = 14). Majority of
the articles (n=155) in our list were clinical trials. Cohorts
(n=17), cross-sectionals (n = 12), and paired studies (n = 8)
were also noted.

Over half the original studies (n = 54) had received funding.
Ten percent of the articles were funded by a nongovernmen-
tal organization or a hospital; 31% were funded by a private
company; and 20% were government funded. Seven ar-
ticles had received more than 1 type of funding. The company

Johnson and Johnson (Cordis) had funded the most studies
in the list (n = 11). Overall, the citations of funded studies
did not vary significantly from nonfunded studies (p = 0.376).
We further analyzed to see if type of funding affected cita-
tion count. Government or hospital funding had no significant
effect on citation count (p =0.264 and p = 0.183, respec-
tively). On the other hand, studies that received private funding
had significantly more citations than studies that did not
(p=0.036). Our analysis further revealed that 33% of the
papers had authors with conflicts of interest. Among these
papers, the average number of authors with conflicts of in-
terest was 5.2. Conflicts of interest resulted in no significant
effect on the citations of the paper (p =0.837). Among the
83 articles that measured an outcome variable, 75% had
positive/significant outcomes. We noted that funding had no
effect on whether the outcome was significant or not
(p =0.946).

Discussion

‘We observed that just over half of the top 100 interventional
cardiology articles received funding; yet, no relation was found
between funding and the number of citations. Private funding
was the most common type of funding among these ar-
ticles. This interest of private companies in the field may be
because cardiology is the second largest area in terms of sales
for those manufacturing medical devices—accounting for ap-
proximately 42 billion dollars in 2014 alone." Some concerns
have been raised that the close relation between the medical
devices industry and interventional cardiologists can result
in problematic conflicts of interest when it comes to research'*;
however, in the top 100 articles, only a third had authors with
conflicts of interest. Furthermore, conflict of interest had no
significant effect on the impact of the paper. We also noted
that articles receiving private funding had significantly higher
citations—the reason for this remains unclear; however, it could
be due to effective direction of funding. The effect of dif-
ferent types of funding on the impact of an article is very
poorly studied, and larger studies are required in this area.

According to our analysis, funding had no impact on
whether the outcome of a study was significant or not. This
observation might simply be because very few negative or
equivocal studies were present in our list (n = 21). It has been
reported that studies with statistically significant results are
more likely to be published, and are usually published in jour-
nals with higher impact factors than those studies finding no
difference between the study groups.'® This publication bias
may be the reason why such few negative/equivocal studies
made it to the top 100 list.

It was observed that a total of 13 authors contributed 5
or more articles to this list. This indicates that there are a group
of eminent researchers publishing most of the influential re-
search in interventional cardiology. This is a large number
when compared with bibliometrics in other specialties.'®"”
However, only 1 of these top 13 authors was a female. Fur-
thermore, only 11% of first authors were females, which points
to a definite male dominance in this particular field. Such a
disparity is not uncommon in medical academia, as a previ-
ous research highlighted that only 23.2% of first authors and
12.7% of senior authors of original research articles were
females.
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Top 100 original articles in interventional cardiology, their citations, and citations-per-year

Rank

Article

Citations

Citations
per year
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12
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15
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Serruys PW, de Jaegere P, Kiemeneij F, Macaya C, Rutsch W, Heyndrickx G, Emanuelsson H, Marco J, Legrand V, Materne P,
Belardi J, Sigwart U, Colombo A, Goy JJ, Van Den Heuvel P, Delcan J, Morel MA. A comparison of balloon-expandable-
stent implantation with balloon angioplasty in patients with coronary artery disease. New Eng J Med 1994;331:489—
495.

Fischman DL, Leon MB, Baim DS, Schatz RA, Savage MP, Penn I, Detre K, Veltri L, Ricci D, Nobuyoshi M, Cleman M,
Heuser R, Almond D, Teirstein PS, Fish RD, Colombo A, Brinker J, Moses J, Shaknovich A, Hirshfeld J, Bailey S, Ellis S,
Rake R, Goldberg S. A randomized comparison of coronary-stent placement and balloon angioplasty in the treatment
of coronary artery disease. New Eng J Med 1994;331:496-501.

Moses JW, Leon MB, Popma JJ, Fitzgerald PJ, Holmes DR, O’Shaughnessy C, Caputo RP, Kereiakes DJ, Williams DO,
Teirstein PS, Jaeger JL, Kuntz RE. Sirolimus-eluting stents versus standard stents in patients with stenosis in a native
coronary artery. New Eng J Med 2003;349:1315-1323.

Morice MC, Serruys PW, Eduardo Sousa J, Fajadet J, Hayashi EB, Perin M, Colombo A, Schuler G, Barragan P, Guagliumi G,
Molnar F, Falotico R. A randomized comparison of a sirolimus-eluting stent with a standard stent for coronary
revascularization. New Eng J Med 2002;346:1773-1780.

Moss AJ, Jackson Hall W, Cannom DS, Daubert JP, Higgins SL, Klein H, Levine JH, Saksena S, Waldo AL, Wilber D, Brown
MW, Heo M. Improved survival with an implanted defibrillator in patients with coronary disease at high risk for
ventricular arrhythmia. New Eng J Med 1996;335:1933-1940.

Keeley EC, Boura JA, Grines CL. Primary angioplasty versus intravenous thrombolytic therapy for acute myocardial
infarction: A quantitative review of 23 randomised trials. Lancer 2003;361:13-20.

Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR, Brown
DL, Block PC, Guyton RA, Pichard AD, Bavaria JE, Herrmann HC, Douglas PS, Petersen JL, Akin JJ, Anderson WN, Wang
D, Pocock S. Transcatheter aortic-valve implantation for aortic stenosis in patients who cannot undergo surgery. New
Eng J Med 2010;363:1597-1607.

Steinhubl SR, Berger PB, Tift Mann lii J, Fry ETA, DeLago A, Wilmer C, Topol EJ. Early and sustained dual oral
antiplatelet therapy following percutaneous coronary intervention: A randomized controlled trial. JAMA
2002;288:2411-2420.

Mehta SR, Yusuf S, Peters RJG, Bertrand ME, Lewis BS, Natarajan MK, Malmberg K, Rupprecht HJ, Zhao F, Chrolavicius S,
Copland I, Fox KAA. Effects of pretreatment with clopidogrel and aspirin followed by long-term therapy in patients
undergoing percutaneous coronary intervention: The PCI-CURE study. Lancer 2001;358:527-533.

Takovou I, Schmidt T, Bonizzoni E, Ge L, Sangiorgi GM, Stankovic G, Airoldi F, Chieffo A, Montorfano M, Carlino M, Michev
I, Corvaja N, Briguori C, Gerckens U, Grube E, Colombo A. Incidence, predictors and outcome of thrombosis after
successful implantation of drug-eluting stents. JAMA 2005;293:2126-2130.

Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ, Knudtson M, Dada M, Casperson P, Harris CL,
Chaitman BR, Shaw L, Gosselin G, Nawaz S, Title LM, Gau G, Blaustein AS, Booth DC, Bates ER, Spertus JA, Berman
DS, Mancini GBJ, Weintraub WS. Optimal medical therapy with or without PCI for stable coronary disease. New Eng J
Med 2007;356:1503-1516.

Use of a monoclonal antibody directed against the platelet glycoprotein IIb/IIIa receptor in high-risk coronary
angioplasty. New Eng J Med 1994;330:956-961.

Stone GW, Ellis SG, Cox DA, Hermiller J, O’ Shaughnessy C, Mann JT, Turco M, Caputo R, Bergin P, Greenberg J, Popma JJ,
Russell ME. A Polymer-Based, Paclitaxel-Eluting Stent in Patients with Coronary Artery Disease. New Eng J Med
2004;350:221-231.

Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Makkar RR, Williams
M, Dewey T, Kapadia S, Babaliaros V, Thourani VH, Corso P, Pichard AD, Bavaria JE, Herrmann HC, Akin JJ, Anderson
WN, Wang D, Pocock SJ. Transcatheter versus surgical aortic-valve replacement in high-risk patients. New Eng J Med
2011;364:2187-2198.

Yadav JS, Wholey MH, Kuntz RE, Fayad P, Katzen BT, Mishkel GJ, Bajwa TK, Whitlow P, Strickman NE, Jaff MR, Popma JJ,
Snead DB, Cutlip DE, Firth BG, Ouriel K. Protected carotid-artery stenting versus endarterectomy in high-risk
patients. New Eng J Med 2004;351:1493-1501 + 1586.

Serruvs PW, Morice MC, Kappetein AP, Colombo A, Holmes DR, Mack MJ, Stahle E, Feldman TE, Van Den Brand M, Bass
EJ, Van Dyck N, Leadley K, Dawkins KD, Mohr FW. Percutaneous coronary intervention versus coronary-artery
bypass grafting for severe coronary artery disease. New Eng J Med 2009;360:961-972.

Ommen SR, Nishimura RA, Appleton CP, Miller FA, Oh JK, Redfield MM, Tajik AJ. Clinical utility of Doppler
echocardiography and tissue Doppler imaging in the estimation of left ventricular filling pressures: A comparative
simultaneous Doppler-catheterization study. Circulation 2000;102:1788-1794.

Joner M, Finn AV, Farb A, Mont EK, Kolodgie FD, Ladich E, Kutys R, Skorija K, Gold HK, Virmani R. Pathology of Drug-
Eluting Stents in Humans. Delayed Healing and Late Thrombotic Risk. J Am Coll Cardiol 2006;48:193-202.

Michael Lincoff A. Platelet glycoprotein IIb/IIIa receptor blockade and low-dose heparin during percutaneous coronary
revascularization. New Eng J Med 1997;336:1689-1696.
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intervention. New Eng J Med 2009;360:213-224.

Griintzig AR, Senning A, Siegenthaler WE. Nonoperative Dilatation of Coronary-Artery Stenosis: Percutaneous
Transluminal Coronary Angioplasty. New Eng J Med 1979;301:61-68.

Seldinger SI. Catheter replacement of the needle in percutaneous arteriography: A new technique. Acta Radiol
1953;39:368-376.
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Silver FL, Mohr JP, Lal BK, Meschia JE. Stenting versus endarterectomy for treatment of carotid-artery stenosis. New
Eng J Med 2010;363:11-23.

Topol EJ. Randomised placebo-controlled and balloon-angioplasty-controlled trial to assess safety of coronary stenting
with use of platelet glycoprotein-IIb/IIIa blockade. Lancet 1998;352:87-92.
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bypass surgery with angioplasty in patients with multivessel disease: The Bypass Angioplasty Revascularization
Investigation (BARI) investigators. New Eng J Med 1996;335:217-225.
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Simoons ML. Randomised placebo-controlled trial of abciximab before and during coronary intervention in refractory
unstable angina: The CAPTURE study. Lancet 1997;349:1429-1435.
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Hess OM, Boersma E, Meier B, Windecker S, Serruys PW. Early and late coronary stent thrombosis of sirolimus-eluting
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2007;369:667-678.
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Chaitman BR, Friedman J, Slomka P, Heller GV, Germano G, Gosselin G, Berger P, Kostuk WJ, Schwartz RG, Knudtson M,
Veledar E, Bates ER, McCallister B, Teo KK, Boden WE. Optimal medical therapy with or without percutaneous
coronary intervention to reduce ischemic burden: results from the Clinical Outcomes Utilizing Revascularization and
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non-inferiority trial. The Lancet 2009;374:534-542.

95 Nair A, Kuban BD, Tuzcu EM, Schoenhagen P, Nissen SE, Vince DG. Coronary plaque classification with intravascular 826 55
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Figure 1. Variation of total citations of all articles with year.

Table 2

Authors with five or more articles in the top 100 list

Author Publications First Last Other Affiliation H-index

in list position position positions

Martin B. Leén 13 2 5 6 Columbia University Medical Center, New York, United States 137

Greggory W. Stone 9 4 0 5 Columbia University Medical Center, New York, United States 115

Antonio Colombo 8 2 1 5 Fondazione San Raffaele del Monte Tabor, San Raffaele 116
Scientific Institute, Milan, Italy

Jeffrey J. Popma 7 0 0 7 Beth Israel Deaconess Medical Center, Departments of Internal 105
Medicine, Boston, United States

Jeffrey W. Moses 6 1 0 5 Cardiovascular Research Foundation, New York, United States 84

Marie C. Morice 6 1 1 4 ICPS Institut CardioVasculaire Paris-Sud, Massy, France 67

Patrick W Serruys 6 2 2 2 Imperial College London, International Centre for Circulatory 136
Health, London, United Kingdom

Augusto D. Pichard 6 0 0 6 ‘Washington Hospital Center, Section of Cardiology, Washington, 83
United States

Donald E. Cutlip 5 0 1 4 Beth Israel Deaconess Medical Center, Department of Medicine, 65
Boston, United States

Giulio Guagliumi 5 0 0 5 Azienda Ospedaliera Papa Giovanni XXIII, Interventional 56
Cardiology Unit, Bergamo, Italy

David R. Holmes 5 1 2 2 Mayo Clinic, Rochester, United States 135

Stuart J. Pocock 5 0 2 3 London School of Hygiene & Tropical Medicine, Department of 108
Medical Statistics, London, United Kingdom

Stephen G. Ellis 5 2 0 3 Cleveland Clinic Foundation, Department of Cardiovascular 150

Medicine, Cleveland, United States

It must be noted that total citations give a good estimate
of the impact an article has had in the scientific world since
its publication; however, it gives no indication of its current
influence. For this reason, the citations-per-year variable
was added to Table 1. Articles with a high citation count
and low citations-per-year have been landmark articles in
the distant past. However, articles with high values in both
continue to be important for researchers. Articles are listed
according to number of citations per year in the Supplementary
Table S1.

Coronary angioplasty and stenting have been particular
areas of interest when compared with other areas within
interventional cardiology. This is not surprising considering
the high clinical incidence of myocardial infarction and the
eternal challenge to minimize muscle damage during an

episode of myocardial infarction. This interest has seen re-
searchers test several variations of angioplasty by tweaking
the time to treatment, the adjunctive pharmacologic therapy,
and the type of stent. However, the incidence of valvular heart
disease is steadily increasing and valvular heart diseases are
expected to be the next epidemic in cardiology.'® This is likely
to result in increased research attention being given to
transcatheter valve repair/replacement in the coming years.
The fact that the article with the highest citations-per-year
in the entire field of interventional cardiology studied mini-
mally invasive valve repair is an indication that the focus of
researchers is already shifting. Although only 4 articles fo-
cusing on percutaneous valve repair made it to our top 100
list, future bibliometrics might identify more landmark ar-
ticles in this area.
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Table 3 with the rest of cardiology. This portrays the dynamic nature

Journals with the most articles in the top 100 list

Journal Number of 2015 Impact
Articles Factor
New England Journal of Medicine 44 59.56
Circulation 22 17.20
Lancet 12 44.00
Journal of The American College of Cardiology 10 17.76
Journal of The American Medical Association 5 37.68

Majority (n=78) of the articles in our list were pub-
lished between 1996 and 2010. One would expect recent
articles to have fewer citations as previously observed'"'*%’;
however, this trend is not detected in this analysis. In fact,
over half (n = 58) of the articles in our top 100 list were pub-
lished after the year 2000—similar trends have been noted
in other bibliometrics performed in cardiology®'**"**—showing
that research in interventional cardiology is developing in sync

of cardiology where constant improvements are being made
and new guidelines are developed frequently. We found a sig-
nificant positive correlation between the impact factor of a
journal and the number of articles of that journal in the top
100 list. This reinforces the concept that the prestige of a
journal plays a vital role in determining the impact its ar-
ticles will have.

When viewing the contribution of various countries, it was
noted that the United States was clearly the most prolific. Eu-
ropean countries like Germany and The Netherlands came in
at a distant second. A similar observation was made in pre-
vious bibliometric studies in both cardiology?' and other
fields* alike. The United States has an intricate infrastruc-
ture with a rewarding system in place for academia which
leads to such an immense contribution. Similar to other
bibliometrics on noncommunicable diseases,”*> we see a
stark underrepresentation of Asian and South American
countries with each contributing 10 and 6 papers, respec-
tively. In contrast, bibliometrics on communicable diseases
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show much greater, and more impactful, research output by
low- and middle-income countries.”®*’ This discrepancy might
be due to private funding agencies such as Bill & Melinda
Gates Foundation and Grand Challenges Canada focusing
their resources on infectious disease research and treatment
in low- and middle-income countries. Noncommunicable dis-
eases such as cardiovascular diseases remain a burden in these
countries and deserve increased research attention. Further-
more, only 26% of the studies had authors from multiple
countries. Collaboration between countries with established
research programs and those developing can help create da-
tabases with worldwide contributions.

Our results should be viewed with some limitations. Firstly,
Scopus tends to miss articles that were published before a
computerized system was in place since the 1980s.%® Sec-
ondly, self-citation can be a potential bias in bibliometrics;
however, in these 100 articles, the self-citation rate was 5.97%,
which is lower than the rate reported in general medicine ar-
ticles (6.5%).” Furthermore, on removing self-citations there
was no change in the rank of articles. And lastly, very recent
articles which have the potential to become landmark ar-
ticles may have been missed as it takes some time for articles
to accumulate citations.
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