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Abstract
Objective: Transcatheter aortic valve implantation has emerged as a promising therapy for the treatment of severe aortic stenosis. Bibliometric analysis 
can be performed in a specific field to obtain influential publications. We aimed to determine the most cited articles about transcatheter aortic valve 
implantation and the characteristics of these highly cited articles.

Methods: A search for transcatheter aortic valve implantation or transcatheter aortic valve replacement was implemented on Web of Science. It 
resulted in 13 459 publications, and the list of top 100 articles was defined according to the number of citations.

Results: Journal, author, country, organizing center, and publication year with most articles on the list were Journal of the American College of 
Cardiology, John G. Webb, USA, St. Paul Hospital, and 2012, respectively. Articles with funding had higher average citations per year than no funding 
articles (P = .005). Funding was divided into 2 groups as government or foundation and industrial (private) funding. It was indicated that no funding 
had lower average citation per year than industrial funding (P = .014). A significant relation was demonstrated between journal impact factor and 
either average or total citations obtained by articles along with total number of articles of journals (r = 0.553, P < .001; r = 0.421, P < .001; r = 0.710, 
P = .001, respectively).

Conclusion: The study provides a comprehensive analysis of the top 100 articles related to transcatheter aortic valve implantation according to the 
number of citations. Prominent features of the articles on the list were also reviewed.
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Introduction
Transcatheter aortic valve implantation (TAVI) has changed the 

management of severe aortic stenosis and is the standard therapy 
for patients unsuitable for surgery and the recommended treatment 
for many patients at intermediate and high surgical risk.1 Its scope 
of field has evolved from high surgical risk patients to even low-
risk patients.2

Bibliometric citation analysis contains analysis of the most influen-
tial publications on a certain topic. The impact factor (IF) of a journal 
is determined for a period of time according to the number of cita-
tions obtained by the journal and the number of articles published 
in that journal. More influential articles have higher citations and 
this leads to rise in IF.3 Bibliometric analysis was applied in many 
areas of medicine. This method was introduced by Garfield in 1987.4 
It was also implemented in various topics of cardiology. Coronary 
artery disease, interventional cardiology, and heart failure have been 
researched up to now.5-7 As a relatively novel treatment, TAVI was 
not evaluated by this method. We aimed to research the bibliometric 
analysis of highly cited articles published on the topic of TAVI.

Methods
Thomson Reuters Web of Science core collection citation index 

database was used for the search and information needed for the 
study. “Transcatheter aortic valve implantation or transcatheter 
aortic valve replacement (TAVR)” terms were searched. The results 
were combined and ranked according to the times cited. The deter-
mination of the most cited 100 articles was done by these results. 
In the preparation of the list, attention was paid to the articles that 
were directly related to TAVI. Therefore, some guidelines such as 
valvular heart disease guidelines were excluded from the list. The 
top 100 list formed was further analyzed according to document 
type, publication year, journal published the articles, authors of the 
articles, countries and organizations participating in the articles, 
and funding information. Impact factor of the journals (2018) on 
the list was also noted.

Statistical Analysis
Statistical analyses were performed using Statistical Package for 

Social Sciences software version 22 (IBM SPSS Corp., Armonk, 
NY, USA). Continuous variables were reported as mean ± stan-
dard deviation or median (minimum–maximum). Fitness to nor-
mal distribution was analyzed with the Kolmogorov–Simirnov test. 
Mann–Whitney U and Kruskal–Wallis tests were applied to detect 
the effect of funding in total citations and average citations per 
year gathered by articles. The relationship between IF of the jour-
nal and total citations and average citations per year acquired by 
articles on the list along with total number of articles of journals 

3

46

Received: May 10, 2022 Accepted: September 2, 2022 Publication Date: 
October 10, 2022
Corresponding author: Ali Doğan, Department of Cardiology, İstanbul Yeni 
Yüzyıl University, Faculty of Medicine, Gaziosmanpaşa Hospital, İstanbul, 
Turkey 
e-mail: drdali@hotmail.com
DOI: 10.5152/cjm.2022.22031

Cerrahpaşa Med J 2022; 46(3): 208-214 ORIGINAL ARTICLE

Content of this journal is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

http://orcid.org/0000-0002-4996-8165
http://orcid.org/0000-0003-2796-0987
http://orcid.org/0000-0003-1290-8967
http://orcid.org/0000-0002-5114-4683
mailto:drdali@hotmail.com


209

Cerrahpaşa Med J 2022; 46(3): 208-214

were evaluated by Spearman correlation test. A P value < .05 was 
defined as statistically significant.

Results
The search revealed 13 459 articles relating to TAVI or TAVR. 

The results were ranked in terms of the number of citations. The list 
of the top 100 articles was formed and depicted in Supplementary 
File. The sum of times cited for the list was 48 740. It reduced to 
47 798 without self-citation. Mean and median values of cita-
tions were 487.4 ± 557.3 and 327.5 (191-4011), respectively. 
Additionally, values of average citations per year were 57.2 ± 
64.1 and 36.1 (15.3-364.6). The journal with the most articles in 
top 100 list was Journal of the American College of Cardiology 
with 30 articles. It was followed by Circulation, European Heart 
Journal, and The New England Journal of Medicine (NEJM). 
Journals on the list of the most cited articles were depicted in 
Figure 1 with the number of publications. The author with the 
most articles on the list was John G. Webb with 39 articles. He 
was followed by Martin B. Leon. Authors with the highest number 
of articles on the list were shown in Table 1. The authors with 
most articles as the first author on the list were also indicated with 
citation values in Table 2. The publication year with the high-
est number of articles on the list was 2012 with 20 publications. 
The majority of these articles were original articles according to 
the document type. Moreover, the median value of total citations 
was higher in articles published in 2002 (1792 total citations 
and 94.32 average citations per year) while the value of average 
citations per year was the highest in articles published in 2016 
[221.1 (102.8-339.4)]. The distribution of the number of articles 
according to publication year and citation values was depicted 
in Figure 2.

The country with the highest number of publications was the 
United States with 54 articles. Canada and Germany were in the 
second and third places. The distribution of the number of articles 
in terms of countries was demonstrated in Figure 3.

St Paul Hospital, Colombia University, and Cleveland Clinic 
Foundation were in top 3 centers in organizing these studies. 
Centers participating in studies on the list were demonstrated in 
Figure 4.

According to the funding of the articles, articles with funding 
had higher average citations per year than no funding articles 
[38.0 (18.18-364.64) vs. 28.33 (15.31-94.32), P = .005]. After 
funding was divided into 2 groups as government or foundation 

Figure 1. Journals on the list of the most cited articles with the number of publications.

Table 1. Authors with Number of Total Contribution for Articles, 
Number of Being First Author, and Type of First-Author Articles

Number of Total 
Contribution 

(Articles)

Number of 
Being First 

Author

Type of 
First-Author 

Articles

Webb, John G 39 5 Original article: 5 

Leon, Martin B 32 4 Original article: 4

Kodali, Susheel K 16 2 Original article: 2

Makkar, Raj R 16 2 Original article: 2 

Rodes-Cabau, 
Josep

15 4 Original article: 3
Review: 1

Kappetein, Arie 
Pieter

14 4 Original article: 4 

Mack, Michael J 14 3 Original article: 3

Tuzcu, EM 14 0 None

Hahn, RT 13 0 None

Smith, Craig R 12 1 Original article: 1 

Svensson, Lars G 12 1 Original article: 1 



210

Bibliometric Analysis on TAVI

and industrial (private) funding, analyzing 3 groups revealed 
that no funding had a lower average citation per year [28.33 
(15.31-94.32) vs. 35.90 (21.3-109.11) vs. 38.09 (18.18-364.64), 

no funding, government or foundation, and industrial funding, 
respectively, P = .014] than industrial (private) funding. It indicated 
that the difference was mostly attributed to industrial (private) 

Table 2. The Authors with Most Articles as First Author in the List

Name of First Author Number of Articles Type of Articles Total Citations (Min–Max) Average Citations (Min–Max)

Webb, John G 5 Original article: 5 458 (206-731) 38.1 (29.4-56.5)

Kappetein, Arie Pieter 4 Original article: 4 472 (342-982) 55.7 (38.0-109.1)

Leon, Martin B 4 Original article: 4 1144 (467-4011) 199.25 (46.7-364.64)

Rodes-Cabau, Josep 4 Original article: 3
Review: 1 

207 (203-756) 22.9 (20.4-68.73)

Cribier, A 3 Original article: 3 568 (450-1792) 37.87 (26.47-94.32)

Genereux, Philippe 3 Original article: 1
Review: 2 

268 (237-358) 29.7 (29.63-39.78)

Mack, Michael J 3 Original article: 3 367 (316-697) 116.17 (39.5-183.5)

Walther, Thomas 3 Original article: 3 199 (193-448) 32.0 (15.3-32.17)

Figure 2. The number of publications (a), total citations (b), and average citations per year (c) in terms of publication year.
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funding, yet not government or foundation funding. There was no 
difference between groups in terms of total citations. These results 
were shown in Table 3.

A moderate correlation was found between journal IF and 
either average or total citations gathered by articles on the list 
(r  = 0.553, P < .001 and r = .421, P < .001, respectively). 
Journals on the list with IF, median total, and average citation 
per year values were shown in Table 4. The positively strong 
correlation between the IF of the journal and the total number 
of articles of the same journal on the list (r = 0.710, P = .001) 
was also demonstrated. The distribution of variables related to 
IF and citations and also the total number of articles were dem-
onstrated in Figure 5.

Discussion
This study provided the bibliometric analysis and characteristics 

of highly cited articles about TAVI. It indicated that funding of the 
articles was associated with higher average citations per year, yet 
not total citations.

Our study showed that IF of the journal correlated with total 
citations and average citation per year. This finding was compati-
ble with Bradford law, which proposed that authors tend to publish 
their publications in certain journals. Additionally, IF of the journal 
was also related to the number of articles on the top cited list.8

Majority of the publications on the top cited articles’ list con-
sisted of either balloon-expandable or self-expanding valve trials 
including randomized controlled studies, observational studies, 
registries, and long-term results of TAVI.

The most cited publication with 4011 total citations on the list 
was published by Leon et al in NEJM. This study investigated TAVI 
in patients who were not suitable for surgery. It was concluded 
that TAVI significantly reduced death and cardiac symptoms with 
increased major strokes and vascular events.9 The second most 
cited article on the list was published by Smith et al in NEJM. The 
study compared TAVI and surgery in high-risk patients, indicated 
similar death rates at 1 year.10 The third most cited article was pub-
lished by Cribier et al11 in Circulation. This article is the first human 
case of TAVI in a 57-year-old patient and also the oldest article on 
the list published in 2002. Another article published by Leon et al12 
in 2016 had fourth place in terms of total citations, but in third 
place in average citation per year. The article has particular impor-
tance in the evolution of TAVI, which investigates the use of TAVI 
in intermediate risk patients. It showed similar results for TAVI and 
surgery as primary end point of death or disabling stroke. According 
to average citations per year, another article published in 2019 also 
ranks up on the list. This article (PARTNER 3 trial) by Mack et al13 
concluded that TAVI lowered the primary end point of death, stroke, 
and rehospitalization at 1 year compared with surgery.

Figure  3. The number of publications according to countries 
involved in the studies.

Figure 4. Organizing centers participating in the studies of the publications.
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Route of TAVI application was also one of the topics exam-
ined on the list. Transapical approach as an alternative to 
transfemoral approach was evaluated, and it was found that it 
could be safely performed with good early results.14 For patients 
with unsuitable iliofemoral anatomy, subclavian approach also 
seemed to be a safe method with good results and low compli-
cation rate.15

Complications occupy an important area in articles that are 
highly referenced about TAVI. Aortic regurgitation (AR) was one 
of these subjects. A meta-analysis (the most cited article about this 
subject) indicated that moderate or severe AR was common after 
TAVI, which was indicator of worse survival. They also stressed 
that AR was higher with self-expanding valves.16 Multidetector 
computed tomography in evaluating annulus size is of particular 
importance, and Binder et al concluded that annulus area sizing 
algorithm reduced paravalvular AR.17

Increased stroke risk in TAVI compared to surgical treatment 
is the major concern. A meta-analysis including 10 037 patients 
from the top cited article list showed that mean stroke rate was 
3.3%. Besides, mortality was 3.5 times higher than non-stroke 
group.18

Another topic in highly cited articles was reduced aortic 
valve motion and possible subclinical leaflet thrombosis. Article 
by Makkar et  al19 indicated its presence in bioprosthetic aortic 
valve and therapeutic anticoagulation suppress this situation. 

Chakravarty et al20 concluded that subclinical leaflet thrombosis 
was more frequent in transcatheter than surgical valves and it was 
also associated with stroke and transient ischemic attacks.20

Vascular complications were relatively common after TAVI. This 
topic also gathered considerable attention. It occurred 27.6% of 
the patients in one of the studies on the list. Thirty-day mortality 
also increased due to this complication.21

Permanent pacemaker need after TAVI attracts attention and also 
finds itself in different rows on the list. A meta-analysis with high-
est citation in this subject indicated that male gender, some con-
duction anomalies before procedure, and aortic valve block during 
procedure were predictors for permanent pacemaker implanta-
tion. They also proposed that CoreValve had carried 2.5 times 
higher risk than Edwards SAPIEN valve.22

Acute renal injury after TAVI was also one of the most cited top-
ics on the list. Bagur et al23 revealed that 11.7% of the patients 
following TAVI developed acute kidney injury. It leads to 4-fold 
rise in mortality.

Aortic root rupture was a dangerous complication in balloon-
expandable TAVI. The only article about this topic on the list was 
published by Barbanti et al.24 and it revealed that left ventricular 
outflow tract calcification and annular area oversizing were asso-
ciated with this complication. 

Rare, yet a fatal complication of TAVI is coronary obstruction. 
Ribeiro et  al’s25 study on the list indicated that female gender, 

Table 4. Journals with 2018 IFs, Median Total, and Average Citation per Year Values 

Number of 
Total Articles Article Type

2018 Impact 
Factor

Median Total 
Citations of 

Articles
Median Average 

Citations of Articles

Journal of the American College of Cardiology 30 Original article: 26
Review: 4

18 639 288 (193-982) 34.6 (17.9-109.1)

Circulation 19 Original article: 19 23 054 409 (195-1792) 33.9 (17.7-94.3)

European Heart Journal 11 Original article: 11 24 889 288 (201-524) 36.3 (21.7-52.6)

The New England Journal of Medicine 11 Original article: 11 70 670 859 (305-4011) 183.5 (73.3-364.64)

JACC—Cardiovascular Interventions 7 Original article: 7 9544 259 (191-302) 27.29 (17.6-37.8)

JAMA—Journal of the American Medical Association 4 Original article: 4 51 273 331 (263-398) 46.6 (39.5-56.86)

The Lancet 4 Original article: 4 59 102 454 (265-697) 84.5 (65.6-116.17)

European Journal of Cardio-Thoracic Surgery 3 Original article: 3 3847 209 (199-342) 16.08 (15.3-38.0)

Circu latio n—Car diova scula r Interventions 2 Original article: 2 6088 263.5 (195-332) 21.6 (17.7-25.5)

JACC—Cardiovascular Imaging 2 Original article: 2 10 975 275 (191-359) 23.36 (19.1-27.6)

Table 3. Comparison of Funding (Government or Foundation and Industry) and No-Funding Groups According to Total and Average Citation per Year

(Min–Max) No Funding (n = 29) Government or Foundation (n = 13) Industry (Private) (n = 58) P

Total citations 332 (191-1792) 287 (204-982) 336 (191-4011) .749

Average per year 28.33 (15.31-94.32) 35.90 (21.3-109.11) 38.09 (18.18-364.64) .014a

No Funding (n = 29) Funding (n = 71) P

Total citations 332 (191-1792) 325 (191-4011) .684

Average per year 28.33 (15.31-94.32) 38.0 (18.18-364.64) .005

aSignificantly increased compared to no funding.
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balloon-expandable valve, and prior surgical bioprosthesis were 
associated with coronary obstruction. Cumulative mortality rate 
was 45.5% in this study. 

Frailty of the patients undergoing TAVI was investigated, and it 
was found that it was not related with complications; however 
1-year mortality was increased in this group.26

Valve-in-valve implantation was yet another highly cited 
topic in TAVI. Dvir et al27 demonstrated that it was an effective 
therapy in most of the patients with degenerated surgical aortic 
valves. 

Comparison of balloon-expandable and self-expandable 
valves was also on the list, and CHOICE randomized clinical 
trial resulted in higher device success rate of balloon-expandable 
valve. However, cardiac mortality was not different.28

To the best of our knowledge, this article is unique in bibliomet-
ric analysis of TAVI. It provides a perspective on the progression of 
TAVI and its impact on the literature. It also contains a review of 
the most influential publications on this subject.

Study Limitations
This study has several limitations. Citations of the articles were 

liable to bias due to the origin of the study, institutional reasons, or 
language. Moreover, age of the publication affects the number of total 
citations. We used Web of Science as search database. However, 
the choice of database might have impact on results. Other param-
eters of scientific influence can be assessed by h-index or citation 
density, which were not evaluated in the study. Lastly, number of 
government- or foundation-funded studies was relatively small.

Figure 5. Diagrams of correlation analysis about impact factor of the journals and total citations (a), average citations per year (b), and 
total number of articles of the journals on the list (c).
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The study evaluates highly cited articles related to TAVI and acts 
as a guide to focus on TAVI. Most cited articles in this field are 
funded by private, government, or foundations. Impact factor of 
the journals correlates with total and average citations per year of 
the highly cited articles.
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