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-BACKGROUND: A bibliometric uses the citation count of an article to
determine its impact on the clinical world. There is a paucity of literature
concerning top article citations on spontaneous intracerebral hemorrhage (ICH).
The main objective of this investigation was to bridge this gap and to provide
understanding of the trends on the most influential articles written on this
subject.

-METHODS: The Scopus Library database was searched to determine the ci-
tations of all articles published on spontaneous ICH. Articles that focused on
other forms of ICH, such as trauma-related hemorrhages, subarachnoid hemor-
rhages, or hemorrhages caused by anticoagulation, vascular malformations, or
cavernomas, were excluded from our list. The articles were divided into 2
groups: “specific” articles, which focused specifically on spontaneous ICH, and
“generalized” articles, which were about ICH in general, including spontaneous
as well as other forms of ICH. We did not apply any time or study-type restriction
in our search. The top 100 cited articles were selected and analyzed by 2 in-
dependent investigators.

-RESULTS: J. Broderick was the author with most publications in the list (n [
21). The largest subset of spontaneous ICH articles was published in the 5-year
periods from 1996 to 2000 and 2001 to 2005 (n [ 27 each). The United States had
the highest number of articles (n [ 49). The journal with the highest number of
top 100 cited articles was Stroke, with 39, followed by Neurology with 16.

-CONCLUSIONS: Our study identifies the trends related to spontaneous ICH by
analyzing the citation frequency of the most-cited articles in the field.
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INTRODUCTION

Bibliometric analysis is an efficient
method of study to evaluate the impact of
an article, the contribution of an author to
a particular field, and to quantitatively
analyze the most influential articles related
to a particular field. Although citation
count remains a debatable tool to assess
the significance of articles, it is the most
widely accepted.1 It helps in identifying
the trends that contribute to making a
study more efficient in terms of
readership. This technique has been used
extensively to analyze publications in
cardiology, radiology, gastroenterology,
and various other fields.2-6 Furthermore,
bibliometrics aid in prioritizing research
funding in this era of ever-increasing
number of applications for grants for
research.
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Spontaneous intracerebral hemorrhage
(ICH) affects 24.6 in 100,000 people annually
and exerts a considerable burden on health
care: mortality is 40.4% and most survivors
are disabled.7 Because of this burden, this
topic has been subject to extensive research
over the years. Bibliometric analyses have
been reported on several subspecialties
within neurology/neurosurgery, including
neuroradiology and pediatric neurology,
and on several individual topics in
neurology such as multiple sclerosis,
Guillain-Barré syndrome, headache,
frontotemporal dementia, and
subarachnoid hemorrhage.8-14 However, to
the best of our knowledge, there is a paucity
of literature on bibliometric analysis on
spontaneous ICH, and our study aims to
provide an understanding of the trends on
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the most influential articles written on this
subject.
METHODS

In December 2016, we conducted a
bibliometric analysis of the top 100 most-
cited articles on spontaneous ICH. Institu-
tional review board approval was not needed
for our retrospective study because we eval-
uated data that were publicly available.
Elsevier’s Scopus, containing a database of

about 22,000 journals, was used to search for
relevant articles by 2 independent reviewers
(A.R. and J.A.). Compared with PubMed,
Google Scholar, or Web of Science, Scopus
has been shown to have coverage that is
broader in scope as far as scientific publica-
tions are concerned.15 Articles that contained
w.WORLDNEUROSURGERY.org 445
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Table 1. Authors with �6 Articles in
the Top 100 Articles

Author

Number
of Articles
in List

Authorship
Position

First Last Other

Broderick, J. 21 8 1 12

Brott, T. 12 2 7 3

Hoff, J.T. 10 0 1 9

Diringer, M.N. 8 2 2 4

Keep, R.F. 8 0 2 6

Tomsick, T. 7 0 0 7

Xi, G. 7 3 2 2

Kase, C. 6 0 0 6

Mayer, S.A. 6 4 0 2

Sauerbeck, L. 6 0 1 5
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the key phrases “spontaneous intracerebral
hemorrhage,” “primary intracerebral
hemorrhage,” or “hypertensive intracerebral
hemorrhage” in their title or abstract, with
their main focus on ICH, were included in
our list. Also, articles containing the key
phrase “intracerebral hemorrhage” in their
title, abstract, or main article were
examined by a board-certified neurologist,
and articles relevant to our bibliometric were
added to the list, such as those on sponta-
neous cerebral microbleeds. Articles on
subarachnoid hemorrhage; hemorrhage
caused by trauma, anticoagulation, vascular
malformations, cavernomas, use of phenyl-
propanolamine, or oral contraceptives; and
collagenase-induced ICH were excluded.
Time limitations were not implemented in
the investigation, nor did we impose any re-
striction on the basis of study types, avail-
ability of an abstract, and human versus
nonhuman research subjects.
Both reviewers searched Scopus over

the same period and were blinded to each
other’s findings. The selected articles were
arranged using the “cited by” option. A
final list of 100 top-cited articles arranged
in descending order was compiled; and
the list from each reviewer was compared.
A difference of 7% was found between the
lists. The discrepancies were solved by
discussion until a consensus was reached.
The final list was then analyzed using the
modified approach of the methods by Lim
et al.16 for the following information about
each article: article title, authors, journal,
Scopus citations, year, citation per year,
number of authors, country of origin of
the primary author, and study type
(specific or generalized).
The articles were divided into 2 groups:

“specific” and “generalized” articles. Spe-
cific articles were those that explicitly
focused on spontaneous ICH. Generalized
articles did not specify the cause of the
ICH in their study. Of the top 100 most-
cited articles, 48 were specific, whereas
52 were generalized. Certain bibliometric
aspects of both the categories were
compared. The data were analyzed using
SPSS version 23 (IBM Corp., Armonk, New
York, USA).

RESULTS

Citations
The citation count of articles ranged from 175
to 962 (median number of citations, 243).
446 www.SCIENCEDIRECT.com
Articles are listed in Supplementary
Table 1 according to their citation counts.

Citations Per Year
The citations per year ranged from 4.0 to
152.5 (median, 16.2). The rank according
to the average number of citations per year
is shown in Supplementary Table 1. The
change in rank compared with ranking
based on number of citations ranged
from e63 to þ81.

Number of Authors
The number of authors in each article
ranged from 1 to 26 (median, 6). The
authors involved in more than 5 publica-
tions from the list are shown in
Table 1; J. Broderick is the author with
most publications (n ¼ 21).

Year of Publication
The articles were published between 1961
and 2013 and most were published in the
5-year periods 1996e2000 and 2001e2005
(n ¼ 27 each). Figure 1 shows the graphic
distribution of the 100 top-cited articles by
5-year intervals of publication.

Countries
Fourteen countries contributed to the list
of 100 top-cited articles, with the United
States contributing most articles (n ¼ 59).
Figure 2 shows countrywise distribution of
the articles.

Journals
The number of journals that published
articles included in the 100 top-cited list
was 18. Stroke contributed the most articles
to this list (n ¼ 39). A list of the journals
publishing most of the articles along with
their respective impact factors is given in
Table 2.

Specificity
Forty-eight articles from the list were
specifically related to spontaneous ICH,
whereas 52 were about ICH in general that
did not specify the variant of ICH. Table 3
shows a comparison between the 2 types
of articles.

DISCUSSION

Bibliometric studies allow the reader to
gain an insight into the history and
development of a particular specialty over
time.9 Likewise, identification of the
WORLD NEUROSURGERY, http
citation classics can facilitate the
recognition of academic advances in a
particular field as well as help identify
the emerging topics and future directions
in a particular discipline.9 Therefore,
bibliometric studies can guide physicians
clinically by not only providing them
with a historical background of their
particular discipline but also keeping
them up to date with the altering
landscape of scientific questions being
asked and the knowledge being
accumulated within a particular
discipline.9

In our study, we found that the highest
number of citations for an article on
spontaneous ICH was 962. This figure
does not rank high compared with bib-
liometrics in other fields in neurology/
neurosurgery. For instance, 4384 was the
highest count in the bibliometric on neu-
roimaging, 2273 for subarachnoid hemor-
rhage, and 1690 for multiple sclerosis.8,9,12

However, a bibliometric performed on
Guillain-Barré syndrome showed that the
most-cited article was cited 812 times,
lower than our top-cited article.13 Because
our topic concerns a specific subject in
neurology/neurosurgery, a deduction can
be made that spontaneous ICH is a topic
frequently cited. However, compared
with subarachnoid hemorrhage, which is
a topic of relatively equal specificity and
significance, our topic fails to exert the
same impact on readership. The reason
s://doi.org/10.1016/j.wneu.2017.09.077
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Figure 1. 100 top-cited spontaneous intracerebral hemorrhage articles according to 5-year intervals.
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for this situation may lie in the
complicated management paradigms of
subarachnoid hemorrhage treatment,
which have been debated extensively over
the years in the literature, whereas the
management of ICH has been relatively
straightforward.
The ranking of articles on the basis of

citation per year was considerably different
from the original ranking based on num-
ber of citations only. The article with the
highest average citations per year was
“Risk factors for ischaemic and intracere-
bral haemorrhagic stroke in 22 countries
(the INTERSTROKE study): A case-control
study” by O’Donnell et al., which was
originally ranked at number 3. It was
published in 2010 and highlights the
importance of the impact of recent and
up-to-date research in neurology/
neurosurgery.
One of the articles was published in

1961. This finding is unusual because from
1961 until 1978, no other article was cited
enough times to be a part of our top 100
most-cited list. During this period of ab-
sent impactful articles on spontaneous
ICH, high-impact articles were being
published on other fields in neurology/
Figure 2. 100 top-cited spontaneous intracerebral hem
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neurosurgery, such as subarachnoid
hemorrhage.17-20 In general, bibliometric
analyses do tend to have a relatively silent
period of impactful articles before 1980.
One reasonable explanation for this trend,
which is also observed to a certain extent
in our bibliometric, could be that the ar-
ticles published during this period were
published in alternative media and were
likely missed because the list was
compiled from an online computed data-
base. Also, because medicine is an ever-
evolving field with new guidelines and
principles being published from time to
time, the reason for minimum impactful
articles before 1980 seems justified.
Similar to various other analyses, our
bibliometric also has a peak period from
1996 to 2005, with more than half of the
most-cited articles being published during
this 10-year period. Only 2 articles pub-
lished since 2011 made it to the list, likely
because several years are needed for an
article to gain a sufficient number of
citations.21

Fifteen authors were found to have 5 or
more publications in the top 100 list. This
is a notable finding because bibliometrics
analyses of other fields (e.g., emergency
orrhage articles according to country of origin.

FEBRUARY 2018 ww
medicine, dermatology, neuroimaging,
and cardiovascular magnetic resonance)
had 3, 3, 6, and 14 authors, respectively,
with 5 or more publications.12,22-24 The
trend generally observed in bibliometrics
is that those on a broader category have
fewer authors with a large number of
publications. Ours, being a study on a
relatively specific topic, is expected to have
a certain pool of renowned authors pub-
lishing most articles. Yet, even then,
certain authors have an immensely sig-
nificant level of contribution. Among
them, the author with the most articles is
J. Broderick. His name appears in more
than one fifth of all the articles on our list.
This is a huge contribution to sponta-
neous ICH. Other frequent contributors to
this field are T. Brott and J.T. Hoff, with 12
and 10 publications, respectively. It can be
inferred from this finding that a few
eminent dedicated researchers contribute
to spontaneous ICH on a scale not
observed in other bibliometrics. These
researchers are more likely to receive aca-
demic promotions as a result of their
notable contributions in the literature.25

Stroke contributes the most articles to
our list (n ¼ 39), followed by Neurology and
Journal of Neurosurgery (n ¼ 16 and n ¼ 11,
respectively). All these are specific jour-
nals catering to a particular field, and ac-
cording to the Bradford law, this
observation is justified.26 However, several
high-impact articles have been published
in general medical journals such as The
Lancet and New England Journal of Medicine.
The Bradford law, implying that a few core
journals specific to a particular field
extract most citations, holds true to a great
extent in our study. Therefore, for re-
searchers, editors, and readers, publica-
tions in field-specific journals related to
spontaneous ICH are likely to be more
impactful than those in general medical
journals.
Certain subjects remain important to

spontaneous ICH even if the articles have
not specified the cause of ICH, such as the
role of radiologic techniques, the patho-
genesis of the inflammatory process, and
the treatment options after ICH.27-29 For
this reason, we considered it important to
include such articles in our list and to
compare their bibliometric aspects with
specific articles. In comparing articles
specific to spontaneous ICH and those
that do not specify the cause of ICH
w.WORLDNEUROSURGERY.org 447

http://www.WORLDNEUROSURGERY.org


Table 2. Top-Cited Articles According
to Journal and Their Impact Factors
(Only Journals with �2 Articles Are
Shown)

Journal
Number of
Articles

Impact
Factor

Stroke 39 5.79

Neurology 16 8.17

Journal of Neurosurgery 11 3.44

New England Journal of
Medicine

7 59.56

The Lancet 5 44.00

Brain 3 10.10

Journal of Cerebral Blood
Flow and Metabolism

3 4.93

The Lancet Neurology 3 23.47

American Journal of
Neuroradiology

2 3.12

Annals of Neurology 2 9.64

Critical Care Medicine 2 7.42
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(generalized articles), it was found that the
bibliometric aspects were not significantly
different. There were roughly an equal
number of both types of articles in our top
100 list. Even although Stroke published
proportionately more specific articles, the
association was not found to be
Table 3. Comparison of Specific
Articles and Generalized Articles

Compared Entity

Specific
Articles
(n [ 48)

Generalized
Articles
(n [ 52)

Median number of
authors

6 6

Median number of
citations

238.5 245

Articles published
from 1996e2000
and 2001e2005

23 31

Country of origin
(United States)

21 38

Articles published in
Stroke

23 16

Articles published by
Broderick, J.

12 9
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statistically significant (c2 test, P ¼ 0.08).
It can therefore be deduced that regardless
of whether an article is written specifically
about spontaneous ICH or about ICH in
general, the impact on readership is likely
the same.
Consistent with other bibliometrics,

most of the articles in our top 100 most-
cited list were published in the United
States. The United States is at the fore-
front of scientific research and academics,
and hence, this trend is expected and in
line with other bibliometrics.
Our study has several limitations. First,

certain studies that did not contain “intra-
cerebral hemorrhage” even once in their
entire article would not have been picked up
by Scopus. However, because we searched
the whole length of the article for the key-
words and not just the title or abstract, it is
highly unlikely that a study would not have
used “intracerebral hemorrhage” at all in its
discussion. Second, Scopus is likely tomiss
impactful articles published recently,
because they have not gathered enough ci-
tations in the short time since being pub-
lished. Examples of such articles are the
CLEAR-IVH (Clot Lysis Evaluation of
Accelerated Resolution of Intraventricular
Hemorrhage), MISTIE (Minimally-Invasive
Surgery Plus rtPA for Intracerebral Hemor-
rhage Evacuation), and ATACH (Antihy-
pertensive Treatment of Acute Cerebral
Hemorrhage) trials, which are considered
highly impactful in the neurology/neuro-
surgery, yet they do not have sufficient ci-
tations because they are relatively recent
studies.30-32 Third, our study did not factor
in the impact of self-citation. Considering
that the top authors have such a significant
number of studies in the list, a research
collaboration may be suggestive. Several
articles that appeared in our original list
were not relevant to our study and were
therefore excluded after being examined by
a certified neurologist.
CONCLUSIONS

Our study identifies the trends observed in
publications in spontaneous ICH, which
may help the authors and editors of jour-
nals to channel their efforts to bring about
more impactful articles in terms of read-
ership and also help in prioritizing
research funding. High-impact articles are
usually published in field-specific jour-
nals, have been published from the United
WORLD NEUROSURGERY, http
States, are usually authored by a pool of
eminent neurologists, and were published
between 1996 and 2005.
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