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Abstract
Purpose: Stroke is a global economic burden of health, which means that it is critical to evalu-
ate changes of optimal diagnoses and treatments. The aim of the study reported herein was to 
identify the most-cited articles in the field of ischemic stroke and assess their characteristics.
Methods: We searched all included articles that had been cited more than 100 times using the 
“Cited Reference Search” in February 2016 from Web of Science Core Collection. Among a to-
tal of 2,651 articles, we excluded articles on basic science and which involved only hemorrhagic 
strokes and identified the top-100 cited articles on ischemic stroke. 
Results: The number of citations for the articles analyzed in this study ranged from 5,182 to 580. 
Most of the articles were published in The Lancet (25%) and Stroke (23%), and originated from 
the United States of America (n= 44). Most of them were original articles (65%) and dealt with 
stroke risk factors (32%) and stroke management (30%). A novel study of hyperacute treatment 
involving recombinant-tissue plasminogen activator was described in the top-ranked article.
Conclusion: Reviews on highly cited articles can help physicians identify trends in the diagnosis 
and treatment of ischemic stroke in the past. This bibliometric analysis can provide a unique 
perspective on historical developments in this field.  
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Introduction

Stroke is a disastrous disease with high mortality and morbidity rates that represent a global 
economic burden of health. Moreover, the ever-increasing size of the elderly population is like-
ly to substantially increase the stroke burden within the near future. One epidemiological study 
of stroke have found that ischemic stroke (IS) accounts for approximately 76.1% of all types of 
strokes [1]. Since stroke has a heterogeneous pathophysiology and evolving treatment meth-
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ods, the ability to evaluate stroke diagnoses and treatments is 
important to the clinical outcomes. 

A surrogate for the impact of a new reported finding in a 
scientific field is the number of times that the article has been 
cited (the citation count). The Science Citation Index was 
started by the Institute for Scientific Information (ISI) with 
the purpose of providing a systematic ongoing measurement 
of the citation counts for scientific journals [2]. The number 
of citations might be useful for quantifying the influence of 
an article in its field, although the value of citation indices is 
still debated [2]. Numerous studies have analyzed the most-
cited articles in various medical fields, including neurosur-
gery [3], general surgery [4], orthopedics [5], and radiology 
[6]. However, a bibliometric analysis of the most-cited arti-
cles in the field of stroke has not been reported previously. 

The purpose of this study was to investigate which of the 
studies received high citations in the field of IS because re-
views on highly cited articles can help physicians identify 
trends in the diagnosis and treatment of IS.

Methods

To identify the most-cited IS articles, journals listed under the 
following categories of the ISI Web of Knowledge Journal Ci-
tation Reports Science Edition 2014 (Thomson Reuters, New 
York, NY, United States of America) were assessed for inclu-
sion “clinical neurology” (192 journals), “neuroscience” (252 
journals), and “medicine, general & internal” (154 journals). 
The category of “medicine, general & internal” was included 
because it covers journals with high impact-factor that con-
tain a diffuse variety of papers that span miscellaneous fields. 
We searched all included articles that had been cited more 
than one-hundred times using the “Cited Reference Search” 
(Thomson Reuters) in February 2016. The ISI Web of Knowl-
edge-Web of Science provides the overall citation counts for 
published scientific articles since 1945. 

To identify IS journals, we searched for the following terms 
either singly or in combination: “cerebral infarction,” “cerebral 
ischemia,” “cerebrovascular disease,” “cerebrovascular isch-
emia,” “stroke,” “cerebral thrombosis,” “cerebral embolism,” 
“cerebral thromboembolism,” “brain ischemia,” “brain infarc-
tion,” “brain embolism,” “brain thromboembolism,” “cerebro-
vascular insufficiency,” “lacunar infarction,” “malignant in-
farction,” and “central nervous system infarction.” Among a 
total of 2,651 articles, we excluded 30 that appeared to be du-
plicate in the analyzed journals. We also excluded articles on 
basic science based on animal models and which involved 
only hemorrhagic strokes. 

We reviewed the following categories of the journals: title, 
publication date, country of publication, institution of publi-

cation, department, authorship, number of citations, subtype 
of article (guidelines, original article, stroke classification and 
scale, systematic review or meta-analysis, review or editorial, 
or national registry), and main topic. The author information 
of the articles was defined as those of the first author. If the 
first author had duplex affiliations, the correspondent’s one 
was used. If the first author was involved in a group and the 
first or corresponding author was not presented clearly, we 
did not asses the first or corresponding author, institution, or 
country. Institutional review board approval was unnecessary 
since we conducted a bibliometric analysis of existing pub-
lished articles that did not contain human subjects.

Results

We finally identified the most frequently cited 100 articles 
from the Web of Science Core Collection (Table 1 and Suppl. 
1). The most-cited article was cited 5,182 times, while the 
least-cited article was cited 580 times. The National Institute 
of Neurological Disorders and Stroke (NINDS) r-tPA Stroke 
Trial published the top-ranking article in 1995, which was a 
randomized clinical controlled trial that demonstrated the ef-
fect of tissue plasminogen activator (tPA) on acute IS [7]. The 
number of citations annually ranged from 17.3 to 426.5, and 
approximately one-third of the articles were cited more than 
1,000 times. The article with the most annual citations since 
publication was a guideline for the early management of pa-
tients with acute IS from the American Heart Association/
American Stroke Association (AHA/ASA) that was published 
in 2013 [8]. 

Only 16 journals provided the top-100 articles in our bib-
liometric analysis of IS (Table 2). Of the 16 journals, The Lan-
cet (n= 25), Stroke (n= 23), New England Journal of Medicine 
(n = 17), and Journal of the American Medical Association 
(n = 12) contained the majority of the articles. The articles 
were published from 1977 to 2013 (Fig. 1). Most of the top-
100 cited articles on IS originated from the United States of 
America (n = 44), followed by the United Kingdom (n = 16) 
(Suppl. 2). The most-represented departments were the De-
partment of Neurology, University of California (n = 5) and 
the Department of Clinical Medicine, University of Oxford 
(n= 5) (Suppl. 3). The author with the most contributions was 
Hacke W (n= 12), followed by Wolf PA (n= 7) (Table 3). 

There were 65 original articles and 13 systematic reviews/
meta-analyses (Table 4). The main topics included “stroke risk 
factors” (n = 33), “stroke registry” (n = 3), “stroke review” 
(n = 3), “stroke guidelines” (n = 6), “stroke diagnosis, patho-
physiology” (n = 15), “stroke management” (n = 32), and 
“stroke prognosis” (n=8) (Table 5). The most frequently de-
scribed topics about “stroke risk factors” in our analysis were atri-
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al fibrillation (n=5), hypertension (n=4), dyslipidemia (n=4), 
and coagulopathy (n=4), while those about “stroke manage-
ment” were tPA (n=9) and antithrombotic therapy (n=10). 

Discussion 

We analyzed the top-100 cited articles in the field of IS. The 
top-ranked article was a report of the NINDS r-tPA Stroke 
Trial demonstrating the effect of r-tPA on acute IS in 1995 for 
the first time [7]. The article with the most citations annually 
was a guideline for the early management of patients with 
acute IS from the AHA/ASA that was published in 2013 [8]. 
Original articles accounted for two-thirds of the 100 articles. 
The top-ranked main topics were “stroke risk factors” and 
“stroke management.” 

Many randomized controlled trials have resulted in land-
mark articles on acute treatments of IS. The NINDS r-tPA 
Stroke Trial has since 1995 (1; the parenthesized italicized 
numbers refer to the rank in Table 1) been the most influen-
tial trial in the field of IS. r-tPA is the only method used to re-
canalize occlusive arteries in patients with hyperacute IS. De-
spite an increased rate of symptomatic intracerebral hemor-
rhage (ICH), intravenous r-tPA within 3 hours of the onset of 

Table 1. The top-10 cited articles on ischemic strokea)

Rank Article No. of
citations

No. of annual 
citations

No. of annual 
citations, rank

1 Marler JR, Brott T, Broderick J, et al. Tissue plasminogen activator for acute ischemic stroke. 
N Engl J Med 1995;333:1581-8.

5,182 259.1 3

2 Adams HP Jr, Bendixen BH, Kappelle LJ, et al. Classification of subtype of acute ischemic 
stroke: definitions for use in a multicenter clinical trial.. Stroke 1993;24:35-41.

3,673 159.7 8

3 Collins R, Peto R, MacMahon S, et al. Blood pressure, stroke, and coronary heart disease. 
Part 2, Short-term reductions in blood pressure: overview of randomised drug trials in their 
epidemiological context. Lancet 1990;335:827-38.

2,914 116.6 19

4 O'Leary DH, Polak JF, Kronmal RA, et al. Carotid-artery intima and media thickness as a risk 
factor for myocardial infarction and stroke in older adults. N Engl J Med 1999;340:14-22.

2,862 168.4 7

5 MacMahon S, Peto R, Cutler J, et al. Blood pressure, stroke, and coronary heart disease. Part 
1, Prolonged differences in blood pressure: prospective observational studies corrected for 
the regression dilution bias. Lancet 1990;335:765-74.

2,847 113.9 21

6 Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: 
the Framingham Study. Stroke 1991;22:983-8.

2,612 108.8 25

7 Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation in adults: 
national implications for rhythm management and stroke prevention: the AnTicoagulation 
and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA 2001;285:2370-5.

2,507 179.1 5

8 Probstfield JL. Prevention of stroke by antihypertensive drug treatment in older persons with 
isolated systolic hypertension: final results of the Systolic Hypertension in the Elderly 
Program (SHEP). JAMA 1991;265:3255-64.

2,382 99.3 30

9 Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with alteplase 3 to 4.5 hours after acute 
ischemic stroke. N Engl J Med 2008;359:1317-29.

2,221 317.3 2

10 Sever PS, Dahlöf B, Poulter NR, et al. prevention of coronary and stroke events with 
atorvastatin in hypertensive patients who have average or lower-than-average cholesterol 
concentrations, in the Anglo-Scandinavian Cardiac Outcomes Trial--Lipid Lowering 
Arm (ASCOT-LLA): a multicentre randomised controlled trial. Lancet 2003;361:1149-58.

2,160 180.0 4

a)See Suppl. 1 for all 100 articles.
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Fig. 1. Most popular articles cited by decade.
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IS reportedly improves short-term outcomes [7]. That article 
prompted the use of r-tPA to spread worldwide and become 
accepted as the appropriate management in patients with hy-

Table 2. Journals in which the top-100 cited articles were published

Rank Journal No. of 
articles

1 The Lancet 25

2 Stroke 23

3 New England Journal of Medicine 17

4 JAMA: Journal of the American Medical Association 12

5 Annals of Neurology 4

6 Neurology 4

7 Archives of Internal Medicine 3

8 Lancet Neurology 3

9 Annals of Internal Medicine 2

10 Brain 1

11 Cerebrovascular Diseases 1

12 Journal of Cerebral Blood Flow and Metabolism 1

13 Journal of Neurology Neurosurgery and Psychiatry 1

14 Journal of the Neurological Sciences 1

15 Nature Reviews Neuroscience 1

16 Trends in Neurosciences 1

Table 4. Types of the top-100 cited ischemic stroke articles

Type of article No. of articles

Original article 65

Guidelines 6

Stroke classification or stroke related scale 6

Review article or editorial 7

Systematic review or meta-analysis 13

National registry 3

Table 3. Authors who contributed at least 5 of the top-100 cited ischemic 
stroke articles 

Rank Author No. of top-100 
cited articles

Types of author association 
according to number of 
top-100 cited articles

1 Hacke W 12 First (n = 6), corresponding (n = 6)

2 Wolf PA 7 First (n = 4), corresponding (n = 3)

3 Bamford J 4 First (n = 2), corresponding (n = 2)

3 del Zoppo GJ 4 First (n = 2), corresponding (n = 2)

3 Feigin VL 4 First (n = 2), corresponding (n = 2)

3 Smith WS 4 First (n = 2), corresponding (n = 2)

Articles from specific groups whose first or corresponding authors could not 
be determined (article no. 3, 17, 18, 22, 25, 28, 38, 39, 46, 50, 51, 54, 68, 79, 
80, and 85) are excluded from this table.

Table 5. Main topics covered in the top-100 cited ischemic stroke articles

Topic No. of 
articles 

Stroke risk factor

   Multiple risk factor 3

   Hypertension or blood pressure 4

   Diabetes mellitus 1

   Dyslipidemia or statin therapy 4

   Atrial fibrillation 5

  Coagulopathy (fibrinogen, factor V, sickle cell anemia, estrogen) 4

   Carotid artery or aortic arch stenosis 2

   Homocysteine 3

   Diet (vitamin, fruit, alcohol, etc.) 3

   Obstructive sleep apnea 1

   Patent foramen ovale 1

   C-reactive protein 1

   Inflammatory mediator 1

Published guidelines 6

Stroke registry 3

Stroke review 3

Stroke diagnosis, pathophysiology

   Pathophysiology 6

   Subtype classification 3

   Scale (mRS, NIHSS, etc.) 3

   Imaging modalities 3

Stroke management

   Tissue plasminogen activation (intravenous-tPA) 9

   Thrombolysis (intraarterial-urokinase, desmoteplase) 3

   Mechanical thrombectomy 1

   Decompression surgery 1

   Bypass surgery 1

   Carotid endarterectomy 1

  Antithrombotic therapy (aspirin, clopidogrel, dypiridamole, ticlopidine) 10

   Warfarin or anticoagulation 6

Stroke prognosis

   Dementia 1

   Mood 1

   Rehabilitation 1

   Reorganize or recovery 5
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peracute stroke. It is remarkable that an article that is more 
than 20 years old is still being cited continuously, which has 
resulted in it being ranked third in the overall annual citation 
rankings (Table 1). Furthermore, the European Cooperative 
Acute Stroke Study (ECASS) III trial showed significant effi-
cacy of r-tPA when it is administered for up to 4.5 hours [9]. 
The SITS-MOST (Safe Implementation of Thrombolysis in 
Stroke—Monitoring Study) (44) evaluated the safety and effi-
cacy of r-tPA at both 3 and 4.5 hours [10]. Current guidelines 
recommend that r-tPA should be administered to eligible pa-
tients for up to 4.5 hours after symptom onset or the last 
known normal time. However, the ECASS I (13) and ECASS 
II (20) trials did not demonstrate significant efficacy on the 
mortality rate at 30 days or the overall incidence of intracere-
bral hemorrhage in IS patients with r-tPA compared to place-
bo treatment [11,12]. However, we assume that administering 
r-tPA at a dose of 1.1 mg/kg (in ECASS I) and at an injection 
time of within 6 hours after stroke onset (in both ECASS I 
and II) might have influenced the results. This shows the im-
portance of reporting on both negative and positive studies.  

The numerous studies aimed at proving the efficacy of vari-
ous types of thrombolysis therapy have presumably involved 
physicians actively applying acute IS treatments. A random-
ized trial that tested the recanalization efficacy of recombinant 
prourokinase demonstrated that the intra-arterial administra-
tion of prourokinase within 6 hours after stroke onset was as-
sociated with better recanalization and a good clinical out-
come at 90 days of acute IS (a phase II randomized trial of re-
combinant pro-urokinase by direct arterial delivery in acute 
middle cerebral artery stroke [PROACT], 66; intra-arterial 
prourokinase for acute ischemic stroke [PROACT II], 15) 
[13,14]. Administering another promising thrombolysis drug, 
desmoteplase, at 3 to 9 hours after acute symptom onset was 
associated with a higher incidence of reperfusion in IS pa-
tients (Desmoteplase in Acute Ischemic Stroke trial, 78) [15]. 
Advancements in techniques and materials are leading to en-
dovascular thrombectomy emerging for the management of 
acute IS. In reflecting these trends, two articles on the Merci 
Retriever, a device used for mechanical clot extraction in ce-
rebral arteries, were included in our study (60, 74). Although 
the recanalization rate was higher for a newer-generation de-
vice than for first-generation ones, these differences were not 
statistically significant. Other devices used for mechanical 
thrombectomy such as the Trevo and Solitaire stents were not 
listed in our top-100 cited articles. Since the results will be relat-
ed to the development of the order of retriever, such articles 
might become more common in the near future. Despite the 
absence of the subsequent related articles, the Extending the 
time for Thrombolysis in Emergency Neurological Deficits 
with Intra-Arterial therapy (EXTEND-IA) trial (206 citations) 

[16], Endovascular Treatment for Small Core and Proximal Oc-
clusion Ischemic Stroke trial (ESCAPE) (214 citations) [17], 
and Multicenter Randomized Clinical Trial of Endovascular 
Treatment for Acute Ischemic Stroke (MR CLEAN) study in 
the Netherlands (271 citation) [18] were the most prominent 
findings in the field of IS in 2015. These articles reported on the 
effectiveness of mechanical thrombectomy and might be mile-
stones in the acute management of acute IS. This led to the 
AHA/ASA association updating the guidelines for the early 
management of patients with acute IS regarding endovascular 
treatment in 2015 [19].

Regarding antithrombotic agents for the prevention of IS, 
the International Stroke Trial (32) suggested that aspirin was 
both safer and more effective than heparin in acute IS [20]. 
Except in embolic stroke, the efficacy of heparin for prevent-
ing IS has not been studied. The poor preventive effect on IS 
has resulted in physicians trying more aggressive treatments 
such as using dual antiplatelets. However, unlike in cardiac re-
search, dual antiplatelet therapy does not significantly reduce 
major vascular events and is associated with major bleeding 
events (management of atherothrombosis with clopidogrel in 
high-risk patients with recent transient ischaemic attack or 
ischaemic stroke [MATCH] trial, 31) [21]. However, consid-
ering the findings of the Clopidogrel in High-risk Patients 
with Acute Non-disabling Cerebrovascular Events (CHANCE) 
trial, current guidelines recommend that the combination of 
aspirin and clopidogrel can be initiated within 24 hours of a 
minor IS or transient ischemic attack and continued for 21 days. 

Stroke classifications/scales and national registries have 
been used as references (stroke classifications/scales, n = 6; 
national registries, n= 3). These articles included the Trial of 
Org 10172 in Acute Stroke Treatment classification (2), and 
have provided important methodologies for the clinical re-
search of strokes. 

Five of the six guidelines related to IS were published in the 
journal Stroke. Guidelines for the early management of pa-
tients with IS were published in 2003 (80), 2007 (25), and 
2013 (50), with the last being the most-cited article annually 
[8,22,23]. Guidelines for preventing IS or transient ischemic 
attack were published in 2006 (38) and 2011 (54) [24,25]. An 
especially notable finding is that recent guidelines were cited 
more frequently, which is attributable to physicians focusing 
more on treating patients using evidence-based guidelines 
nowadays. With regard to the publication patterns, many of 
the randomized controlled trials were published in New Eng-
land Journal of Medicine, and most of the guidelines in pa-
tients with IS were published in Stroke. 

This study was subject to some limitations. First, there may 
be numerous biases, including self-citations, journal citations 
with higher impact-factor, country parochialism, inhouse ci-
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tations, language bias (English journal-oriented citation), and 
omission bias. Second, “obliteration by incorporation” is a 
major problem. As precious knowledge becomes generalized, 
physicians no longer need to cite the paper [26]. Third, the 
method used to calculate the number of total citations might 
be affected by the duration since article-publication, which is 
why we added the rank based on the number of annual cita-
tions. Finally, articles on trials that evaluated stroke as one of 
multiple endpoints were not included in this bibliometric 
analysis. Because this “Cited Reference Search” facility search-
es for titles of articles, it might have resulted in the omission 
of relevant articles that were published in various medical 
journals. For example, although most of the large randomized 
multicenter trials of novel oral anticoagulants other than 
edoxaban (Effective Anticoagulation with Factor Xa Next 
Generation in Atrial Fibrillation–Thrombolysis in Myocardial 
Infarction 48 [ENGAGE AF-TIMI 48], 384 citations) were 
cited more than 1,700 times (Randomized Evaluation of 
Long-term Anticoagulation Therapy [RE-LY] trial, 3,152 cita-
tions; Rivaroxaban Once Daily Oral Direct Factor Xa Inhibi-
tion Compared with Vitamin K Antagonism for Prevention 
of Stroke and Embolism Trial in Atrial Fibrillation [ROCKET 
AF], 1,914 citations; and Apixaban for Reduction in Stroke 
and Other Thromboembolic Events in Atrial Fibrillation 
[ARISTOTLE] trial, 1,702 citations), these were not included 
in the present lists. However, we tried to identify many jour-
nals on IS and evaluated various fields: “medicine, general & 
internal,” “neuroscience,” and “clinical neurology.” Our main 
purpose was to identify trends in clinical decision-making in 
neurological sciences. Although citation statistics might have 
some critical limitations, analyzing citation rates might pro-
vide a unique perspective of historical diagnostic and thera-
peutic changes in the field of IS. By identifying trends in the 
diagnosis and treatment of IS in the past, physicians will be 
able to develop new ideas or new plan.
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