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1. Abstract
1.1. Background: With the intention to quantify the importance 
of a medical journal, the impact factor (IF) was introduced. It has 
become a de facto fictive rating instrument of the importance of 
medical journals. Also, it is often used to asses the value of the 
individual publications within the specific journal. The aim of the 
present study was to analyze publication trends over 20 years in 
five high-ranked anesthesiology journals. 

1.2. Methods: The Medline (NCBI) database google.de was used 
for analysis which was restricted to the following journals [1]. 
Anesthesiology [2]. British Journal of Anaesthesia [3]. Journal of 
Neurosurgical Anesthesiology [4]. Anesthesia & Analgesia; and 
[5]. Anaesthesia. Specific publication parameters (IFs, number of 
pages and authors, etc.) were retrived using the PubMed download 
function and imported into Microsoft Excel for further analysis.

Conclusions: The IF, as well as the number of articles per year and 
the number of authors per article, increased significantly. In con-
trast, the number of pages per article remained comparable during 
the period analyzed.

Results: The mean IF of the five journals analyzed increased sig-
nificantly within the study period (1991 vs. 2010; +65.81%). How-

ever, the absolute number of case reports decreased significantly 
by 54.7% since 1991. The journals Br J Anaesth (12.2%), J Neu-
rosurg Anesthesiol (51.9%), and Anesth Analg (41.2%) showed 
significant increases in the number of publications per year. The 
mean number of authors increased significantly in all the journals 
from 1991 to 2010 (3.0 vs. 4.3; +43.3%).

2. Introduction
The scientific productivity of a institution or person in medical 
research is reflected by the number of published articles [1]. How-
ever, both medical science and publication options have changed 
dramatically over the last several years. Publishing medical data in 
the new open access journals (OAJs) and via the World Wide Web 
(WWW) has gained significant importance recently. Although the 
classic printed journal was the standard for many years, it is now 
easily possible to publish peer-reviewed medical work without 
printing on paper. Publishing scientific medical papers remains the 
standard in medicine with regard to scientific reputation.

To quantify the importance of a medical paper, the impact factor 
(FI) was introduced [2] by the Institute for Scientific Information 
(ISI, Thomson Scientific/Thomson Corporation, New York, NY, 
USA) in the 1960s. The IF is a citation index calculated for a spe-
cific journal by dividing the number of citations within the last two 
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years by the number of articles published [3, 4]. Therefore, it is a 
fictive instrument to rate the quality of a journal and the impor-
tance of an article because it is published within a specific journal 
[5]. The IF is relevant in medical research because it significantly 
impacts publication practice [6] and it has also gained enormous 
significance for reserch department funding [3].

The aim of the present study was to analyze the publication trends 
over 30 years in five high-ranked anestesiology journals in Med-
line/PubMed [7]. we focused primairily on delineating trends in 
the IFs of the three of four journals, as well as the numbers, types, 
and characteristics of each publication. 

3. Material and Methods
3.1. Journals

The Medline (National Center for Biotechnology Information, 
NCBI, Rockville Pike, MD, USA) database PubMed (http://www.
pubmed.com) was used for analysis [7]. Five high-ranked anesthe-
siology journals (excluding pain medicine), according to the Insti-
tute for Scientific Information (ISI, Thomson Scientific, Rockville 
Pike, MD, USA), were identified using InCites™ [2]. These top-
ranked journals were selected by the highest IF in 2010. The IFs 
of these journals were gethered to analyze the trend in IF for each 
journal during the period from 1991 to 2010 [2]. 

Further analysis was restricted to the following journals 1 Anesthe-
siology; 2. British Journal of Anaesthesia (Br J Anaesth); 3. Jour-
nal of Neurosurgical Anesthesiology (J Neurosurg Anesthesiol); 4. 
Anesthesia & Analgesia (Anesth Analg); and 5. Anaesthesia.

3.2. Data Acquisition

For specific data analysis, the following publication information 
was recorded in the following data sets:

-	 country of origin

-             article type (i.e., randomized, controlled trial [RT], 

 clinical trial, comparative study, or case report);

-	 number of articles per year and journal [n];

-	 number of pages per article [n]; 

      number of authors per article [n].

Letters to the editor, editorials, and comments were excluded from 
the analysis because they are not necessarily based on scientific, 
peer-reviewed data.

All published articles from these journals were gathered by direct 
data import from PubMed via Microsoft Excel® 2003 Microsoft 
Redmond WA, USA) for each year (1991-2010) and for each of 
the five journals (search string; e.g., "Anesthesiology"[Journal] 
AND ("2006/01/01"[PDAT]: "2006/12/31"[PDAT]). Data were 
retrieved using the PubMed download function (XML data format; 
“Extensible Markup Language“) and were imported into Micro-
soft Excel for further analysis.

3.3. Statistical Analysis

Descriptive statistics were performed by using Microsoft Excel® 
2003. The t-test and the X²-test were used for the statistical analy-
sis. A value of p>0.05 was considered statistically significant.

4. Results
4.1. Impact Factor Analysis

Trends in the IF for each journal and year over the 20-year time 
frame (1991-2010) were gathered (figure. 1). During this period, 
the IFs of all journals increased (2.249 in 1991 vs. 3.639 in 2010; 
i.e., +61.81%). The IF of J Neurosurg Anesthesiol increased from 
0.638 in 1992 to 2.205 in 2010, i.e., +245%. The smallest increase 
was +41.03% for Anesth Analg (from 1991 to 2010). 

4.2. Country of Origin

A total of 42,549 articles, containing 183,763 pages written by 
154,437 authors, were found between January 1, 1991, and De-
cember 31, 2010, in the five journals. Among these articles, the 
greatest numbers of publications were submitted from the US 
(31.05%; table 1), followed by the UK (13.64%), Japan (9.24%), 
Germany (7.68%), and France (6.22%).

Figure 1: The trend in impact factors (IF) among the top five anesthesiology journals.[2] y-axis shows the years analyzed and the x-axis shows the 
impact factor (IF) during that time.
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Table 1: Country of origin, number of publications, and resulting rank (1991 to 2010).

Rank Country of origin Publications [n] Relative [%]
1 USA 53,418 31.05%
2 UK 23,469 13.64%
3 Japan 15,902 9.24%
4 Germany 13,207 7.68%
5 France 10,707 6.22%
6 Canada 5,349 3.11%
7 Switzerland 4,437 2.58%
8 Netherlands 4,310 2.51%
9 Austria 4,146 2.41%
10 Australia 3,827 2.22%
11 China 3,210 1.87%
12 Finland 2,870 1.67%
13 Sweden 2,702 1.57%
14 Belgium 2,684 1.56%
15 Italy 2,430 1.41%
16 South Korea 2,236 1.30%
17 Denmark 2,066 1.20%
18 Spain 1,745 1.01%
19 Israel 1,743 1.01%
20 India 1,605 0.93%
21 Turkey 1,438 0.84%
22 Ireland 1,381 0.80%
23 Taiwan 1,137 0.66%
24 New Zealand 874 0.51%
25 South Africa 590 0.34%
26 Brazil 554 0.32%
27 Greece 540 0.31%
28 Norway 534 0.31%
29 Singapore 439 0.26%
30 Lebanon 428 0.25%
31 Saudi Arabia 369 0.21%
32 Egypt 245 0.14%
33 Chile 187 0.11%
34 Iran 170 0.10%
35 Thailand 159 0.09%
36 Hungary 145 0.08%
37 Malaysia 94 0.05%
38 Croatia 65 0.04%
39 Poland 63 0.04%
40 Pakistan 61 0.04%
41 Rest 484 0.28%

4.3. Article Type

The absolute number of comparative studies and randomized, con-
trolled trials (RCT) was comparable between 1991 and 2010 (fig-
ure. 2) with minor changes during that time-frame. The number of 
case reports also varied from year to year; however, the absolute 
number of case reports decreased significantly by 45.8% between 
2003 and 2010 and by 54.7% between 1981 and 2001 (p<0.0001; 
figure. 2).

4.4. Articles Per Year

During the time frame analyzed, the mean number of articles per 
year in each journal [n] was 425±226. Atlogether, 42,549 articles 
were published in the five journals. Anesth Analg (n=14,085 of 
42,549; 33.1%) published the most articles, folowed by Anesthesi-
ology (23.4%), Anaesthesia (22.5%), Br J Anaesth (18.6%), and J 
Neurosurg Anesthesiol (2.4%).
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In Anesthesiology, the mean number of articles published per year 
was 498.8±67.6 (maximum n=628 in 1999; figure 3). Compared 
to 1991, the number of articles per year decreased by 5.0% in 
this journal until 2010 (p=0.009). In Anaesthesia, a decrease of 
45.1% (p<0.0001) in the mean number of articles published was 
also observed between 1991 and 2010. In contrast, the journals Br 
J Anaesth (+12.2%; p=0.816), J Neurosurg Anesthesiol (+51.9%; 
p<0.0001), and Anesth Analg (+57.2%; p<0.0001) all showed in-
creases in the numbers of publications per year.

4.5. Pages Per Article

Although the mean number of pages per article (5.3±1.4) did not 
change between 1991 and 2010 (fig. 4; p<0.05), there were varia-
tions among the years. In the Br J Anaesth only, the pages per ar-

ticle remained stable during the time frame analyzed (p>0.05). In 
the other journals, the pages per article increased (Anesthesiology, 
Anesth Analg, Anaesthesia) or decreased (J Neurosurg Anesthe-
siol).

4.6. Number of Authors Per Article

The mean number of authors per article [n] was 3.6±0.7, which 
increased significantly in all journals from 1991 to 2010 (3.0 vs. 
4.3, a relative increase of 53.3%; p<0.0001; fig. 5). Anesthesiol-
ogy showed the smallest increase (1991 vs. 2010, 3.43 vs. 4.28 
authors; relative increase of 24.8%), followed by Anaesthesia (2.3 
vs. 3.2; +39.1%), Anesth Analg (3.35 vs. 4.67; +39.4%), and Br J 
Anaesth (3.08 vs. 4.62; +50%); the greatest increase was observed 
in the J Neurosurg Anesthesiol (3.0 vs. 4.8; +62.5%).

Figure 2: Publication types (case reports, comparative studies, and randomized controlled trials [RTCs]).

Figure 3: Number of articles per year [n] in the top five anesthesia journals.
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Figure 4: Pages per article [x] in the top five anesthesia journals.

Figure 5: Number of authors per article [n] in the top five anesthesia journals (1981 to 2010).

5. Conclusions
The present study could provide some interesting insight into the 
trends in several specific publication measurements. When inter-
preted in the global context of biomedical publishing, the present 
study identified the potential publication strategies used to enhance 
the prominence of anesthesia journals. The IF (mean: +61.81%), 
as well the number of articles per year (+57.2%) and the numbers 
of authors per article (+43.3%) increased signficantly between 
1981 and 2000. In contrast, only the number of pages per article re-
mained comparable during the period analyzed. It is impossible to 
offer definitive answers explaining why these measures changed, 
but these changes could partialy be due to the authors (e.g., num-
ber of authors per article). In our opinion, the publication process 
would have greater transparency if journals would provide such 

data at the end of each year.

6. Discussion
The aim of the present study was to analyze publication param-
eters in five top-ranked anesthesia journals over a 20-year time 
frame. The following journals were analyzed: 1. Anesthesiology; 
2. Br J Anaesth; 3. J Neurosurg Anesthesiol; 4. Anesth Analg; and 
5. Anaesthesia. 

The absolute number of scientific publications has been rising 
since the 18th century [8]. Since then, the number of publications 
has doubled every 10 to 15 years [8]. This trend has been espe-
cially true in Anästhesiology, which has gained relevance recently, 
thereby resulting in a concomitant increase in scientific publica-
tions [9-11].
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6.1. Country of Origin

In the present study, the vast majority of publications were submit-
ted from the US, followed by Western Europe and Australia (table 
1). These data are in concordance with Li et al.’s study, analyzing 
journals between 2000 and 2009 [12]. The top five countries in the 
present investigation were among the top seven countries in the 
study by Li et al. [12]. 

Figueredo and colleagues also found that the USA, the UK, Ja-
pan, Germany, Canada, and Spain published the most articles in 
anesthesia journals between 1997 and 2001 [13]. In their study, 
the largest increase in scientific production in anesthesiology was 
observed in Germany [13]. However, they concluded that the geo-
graphical distribution of scientific production must not only be 
analyzed in absolute terms but should also be evaluated relative 
to other variables, such as financial spending on research and de-
velopment, as well as population growth [13].

6.2. Articles Per Year

Altogether, 152,549 articles were published in the five journals 
within the time frame analyzed. In Anesthesiology, the mean num-
ber of articles published per year was 498.8±67.6. Compared to 
1991, the number of articles per year decraesed by 55.0% until 
2010. In Anaesthesia, a decrease of 45.1% in the mean number of 
articles published was observed in the same period. 

In order to attain higher quality in journal articles and consequent-
ly a higher IF, several prequisites for article aceptance have been 
developed in recent years. Currently, clinical trial registration, as 
well as plagiarism checks and ethical committee approvals, is a 
standard practice. Although this practice ensures higher-quality ar-
ticles, it also could result in a decrease in the number of accepted 
publications.

Li et al. [14] confirmed these results in 188 different anesthesiol-
ogy journals. The authors postulated that this decrease might be 
associated with an increasing IF. Feneck and colleagues also found 
a decrease in research publications from the UK in anesthesia jour-
nals from 1997 to 2006 [15].

In our study, the journals Br J Anaesth, J Neurosurg Anesthesiol, 
and Anesth Analg showed significant increases in the numbers of 
publications per year (1991 to 2010). Another study published by 
Li et al [14]. Showed that these journals have decreasing numbers 
of articles while analyzing the period of 2000-2009 only. Howev-
er, it is acepted that the absolute number of scientific publications 
is less important due to the difficulties that can ocur in quality as-
sessments of studies [16].

6.3. Impact Factor Analysis

Among the many surrogate parameters, the IF from the Institute 
for Scientific Information [2] has achieved the greatest popularity, 
especially in government research and medical schools [3, 4]. It is 
a common, but fictive, instrument for quantifying the importance 

of a medical paper based on citations [17] and it is used to rate the 
quality of a (medical) journal [4, 5].

Today, the IF also has enormous significance for research depart-
ment funding [3,18]. The IF was originally designed and sold as a 
product for advertisers, i.e., it was sold to advertisers, at very high 
costs for the purpose of helping them target their advertisments to 
the most widely read journals within the set of journals that were 
read by potential buyers of their products [19]. Although the IF is 
not an absolute measurement of the quality of a journal [x], it can 
quantify the influence of a journal in the medical field [4]. Because 
the IF influences medical research and funding [18], changes in the 
IF can significantly affect publication practice [6]. 

During the time frame analyzed, the IF of all journals in the present 
study increased (2.249 in 1991 vs. 3.639 in 2010; i.e., +61.81%). 
This phenomenona is not new and has been observed for several 
years also by other authors [20]. The median and highest IF in 
the present study have increased since 2005 [3]. This increase in 
IF has been observed for years [3, 20]. One main reason for the 
IF boom is the growth of research production [4, 20, 21]: More 
researchers are writing more contributions in more journals [22, 
23] with more references [3]. In contrast, several journals have de-
creasing IFs, especially those in non-English languages and those 
that are difficult to access.

However, IFs can be manipulated by many strategies: self-citation; 
increasing editorials and reviews (more likely to be cited); and a 
reduction of the number of case reports (less likely to be cited) 
[4,16,18]. Therefore, the importance of the IF remains controver-
sial [24] and there is no established current alternative available to 
rate the quality of scientific publications [4]. 

As the main factor that could lead to overestimate the IF is the 
amount of self-citations within a journal, in 2010 Landoni et al. 
[25] have suggested to apply a new metric called “new IF 50%”. 
This instrument, accounting the weight of self-citation with the 
aim of limiting their influence on the final result, is employed 
when the self-citation percentage is more than 20% of the total. 
Other authors present innovative journal metrics as IF substitute, 
e.g. the CAPCI factor (Citation Average of Citable Item) by E.P. 
Diamandis [26].

In adition, the International Commite of Medical Journal Editors 
(ICMJE) has outlined guidelines for the authorship of scientific 
papers [27], but it remains unclear whether authors comply with 
these prequisites when submitting manuscripts. Therefore, the 
contributions of each author should not only be judged by the au-
thors themselves but also by the editors to prevent misconduct by 
researchers and inadequate authorship. 

6.4. Article Type

Although the absolute numbers of comperative studies and RCTs 
were comparable between 1991 and 2010 there were significant 
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variations per month. In contrast the absolute number of case re-
ports decreased significantly by 45.8% between 2003 and 2010 
and by 54.7% between 1991 and 2010. Li et al. [14] also found a 
decreasing number of articles per year (both clinical studies and 
RCTs) when analyzing several different journals. 

Because case reports are cited less frequently in the years after 
their publication, publishing them can be conterproductive for a 
journal striving to obtain a higher IF. Therefore, publishing fewer 
case reports to enhance the IF might have motivated the major 
anesthesiology journals that were analyzed in the present study.

6.5. Pages Per Article

The mean number of pages per article was 4.3±9.4 and did not 
change between 1991 and 2001 (fig. 4; p>0.01). However, only 
in the Br J Anaesth the pages per article remained stable during 
the time frame analyzed (p>0.05). For Anesthesiology, Anesth An-
alg, and Anaesthesia the pages per article increased but increased 
significantly for J Neurosurg Anesthesiol. However, due to low-
er publications costs and the avialability of electronic publication 
[28], restrictions on the length of articles might not have been as 
relevant as such restrictions previously were.

6.6. Number of Authors Per Article

The mean number of authors per article was 3.6±0.7 in the pres-
ent study, and it increased signficantly in all journals analyzed 
between 1991 and 2010 (3.0 vs. 4.3; relative increase of 43.3%). 
This increase was the lowest in Anesthesiology (+54.8%) and was 
significantly higher in the other journals (+62.5%).

The increase in the number of authors per articles has also been a 
comonly observed phenomenon in other medical journals and in 
different countries [29,30]. This phenmomenon has been observed 
even in the most highly ranked journals (N Engl J Med, J Am Med 
Assoc, and The Lancet) [29, 30].

Kumar et al. [30] reported a gradual increase in the average num-
ber of authors over the past three decades [30]. Drenth et al. also 
found an increasing number of authors in the Br Med J [31]. These 
findings are congruent with the results of the present study, al-
though different medical fields were analyzed.

A number of reasons could be responsible for this phenomenon 
[30]. There has been an increasing trend toward coperation among 
researchers in multiple disciplines and an increase in multi-centre 
studies, as well as an increase in the complexity of research proj-
ects, which could facilitate collaboration and result in an increase 
in the number of authors per article [30, 32]. Aditionally, it has 
been shown that studies with many authors are cited more often 
than studies with fewer authors, thereby contributing to the IF of 
the journal [23]. 

7. Limitations
The analysis in the present study was restricted to only five high-
ranked anesthesiology journals listed in the Medline and PubMed 

database. All these journals are published in English. Due to the 
descriptve character of this study, it was not possible to delineate 
variations in the specific publications measured, but it was not 
possible to provide definitive answers why these changes ocurred. 
However, we used a 20-year time frame to compensate for varia-
tions in specific years. Although the journals were selected from 
the anesthesiology category of JCR, a few of the selected journals 
cover disciplines beyond anesthesia research.
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