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PURPOSE: Residents seek postresidency fellowship training
to increase competency with novel surgical techniques and
augment their fund of knowledge. Research productivity is a
vital component of advancement in academic urology. Our
objectives were to use the h-index (an objective and readily
available bibliometric that has been repeatedly shown to
correlate with scholarly impact, funding procurement, and
academic promotion in urology as well as other specialties) to
determine whether any relationship exists between fellowship
training and scholarly impact among academic urologists.
Additional examination was performed to determine whether
any differences in scholarly influence are present among
practitioners in the major urologic subspecialties.

MATERIALS AND METHODS:Overall, 851 faculty mem-
bers from 101 academic urology departments were organ-
ized by academic rank and fellowship completed. Research
productivity was calculated using the h-index, calculated
from the Scopus database.

RESULTS: There was no statistical difference in h-index found
between fellowship-trained and nonfellowship-trained academic
urologists. The highest h-indices were seen among urologic
oncologists (18.1 � 0.95) and nonfellowship-trained urologists
(14.62 � 0.80). Nearly 70% of department chairs included in
this analysis were urologic oncologists or general urologists.

CONCLUSIONS: No difference in h-index existed between
fellowship-trained and nonfellowship-trained urologists,
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although practitioners in the subspecialty cohorts with the
highest research productivity (nonfellowship-trained and uro-
logic oncologists) comprised 70% of department chairpersons.
This relationship suggests that a strong research profile is
highly valued during selection for academic promotion.
Differences existed on further comparison by subspecialty.
Fellowship training may represent another potential opportu-
nity to introduce structured research experiences for trainees.
( J Surg 71:345-352. JC 2014 Association of Program
Directors in Surgery. Published by Elsevier Inc. All rights
reserved.)
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INTRODUCTION

The advent of novel surgical techniques and rapidly accu-
mulating clinical knowledge has changed the climate of
surgical specialties. In urology, laparoscopic and robotic
techniques are rapidly becoming the standard of care in all
subspecialties. In both academic and private practice settings,
the use of these minimally invasive techniques has increased
over time.1,2 Consequently, it is not surprising that these
technologies are increasingly incorporated into residency
training. Nonetheless, recent surveys have suggested that
most urology residents do not feel they have adequate
technical and clinical training to begin their careers.3,4 One
rectors in Surgery. Published by 1931-7204/$30.00
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analysis of urology physicians found that nearly half of
participants in the study (49%) anticipated pursuing a
fellowship when they applied for urology residency and an
even greater number (69%) actually applied for a fellowship.5

Among residents surveyed, the most important factors
considered by individuals pursuing fellowships included the
intellectual appeal of additional training, the presence of
mentors with specialized training, and a desire for an addi-
tional point of view for surgical training.5

In addition to honing technical skills, fellowships potentially
offer trainees further structured opportunities for conducting
research, contributing to both their edification and the
productivity of their department, scholastically and clinically.2

Research productivity has been linked to better clinical care
and increased opportunities for academic promotion, and
may also be a factor in the tendency toward pursuing a
fellowship.6-12 Clinical and basic research is a time-consuming
endeavor often limited during residency training.13 According
to the Fellowship and Residency Electronic Interactive Data-
base,14 66 of the 124 nonmilitary residency programs in
urology have a required research rotation, varying in length
from a few weeks up to a year. Recently, the duration of many
urology training programs has decreased to 5 years. This has
the potential to decrease the opportunity to produce mean-
ingful research during residency training, though the data
related to this subject have been mixed.5,6

It has been reported that those who author or coauthor a
manuscript during residency are 6-times more likely to
pursue a fellowship.5 When in fellowship, trainees often
have more dedicated time to increase their clinical com-
petency as well as their scholarly activities. It is suggested
that participating in a fellowship exposes an individual to
research, which may ultimately increase the propensity to
enter academic medicine.5

In academia, advancement is directly linked to various
attributes of the clinician. Patient care, teaching ability,
grant support, scholarly activities, and national recognition
are important factors in the evaluation of a faculty mem-
ber.7,15-18 Nonetheless, a study examining the views of
faculty being considered for promotion reported that
clinical research and written scholarship were the 2 criteria
perceived to be most important in the promotion process.19

Scholarly activity in the form of research publications is a
relatively objective measure as compared with other crite-
rion, which may explain its outsized importance in the
advancement process. In addition to advancing the career of
the clinician, academic productivity can augment the
recognition and status of the home institution, further
justifying its relationship with advancement.20

Quantifying research contribution is a complicated task
that should ideally consider all of attributes of an individ-
ual’s authorships. Factors such as total publications, total
citations, and overall effect of the work are often used as
measures of productivity.21 The value of each of these
factors individually is limited, however Hirsch22 developed
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the h-index, an objective measure to quantify research and
characterize the scientific output of an individual. Taking
into account these various attributes related to a person’s
research output, the h-index measures the relevance of an
individual’s published work.
Hirsch proposed22 that the h-index is best used when

comparing individuals within a field. Studies undertaken in
multiple fields, including urology, have illustrated a strong
association between the h-index and other factors such as
academic advancement, grant funding procurement, and
other measures of scholarly impact.15,16,18,23-46 This biblio-
metric serves as an excellent tool with which to compare
researchers within the field of urology. Our objectives were to
examine whether scholarly impact, as measured by the
h-index, is affected by fellowship training status. Additionally,
we aimed to further characterize whether there are differences
in research productivity among academic practitioners in the
various subspecialties to better understand whether there may
be differences in research emphasis among these fields.
MATERIALS AND METHODS

The American Medical Association’s Fellowship and Resi-
dency Electronic Interactive Database (FREIDA) was used to
retrieve a listing of urology residency programs. Of the 124
academic urology departments on this list, faculty members
from 101 programs were included in this analysis after
application of exclusion criteria. Exclusion criteria included
the following: nonurology-trained faculty, nonacademic fac-
ulty, nonphysician faculty, part-time clinical faculty, and
faculty for whom academic rank or fellowship training status
or both were not available on their respective departmental
websites. Twenty-three websites had incomplete information
about fellowship training or academic rank or both; therefore,
all faculty members from these academic departments were
also excluded.
Fellowship training information was used to organize

faculty by the following major urologic subspecialties:
endourology/minimally invasive urology, female urology/
urodynamics, male infertility/andrology, pediatric urology,
urologic oncology, other clinical fellowship, and multiple
clinical fellowships.
The h-index of each faculty member was calculated using

the Scopus database (www.scopus.com). As searching for
commonly occurring names may result in multiple author
profiles in Scopus, current and past departmental affiliations
as well as journal source history were used to ensure the
Scopus entries used for h-index calculations were for the
appropriate author. The Scopus database is a widely used
resource previously used to calculate the h-index in multiple
other analyses.15,16,18,23-26,29,32,47 It is one of a number of
resources, including Publish or Perish and ISI Web of
Knowledge. A previous analysis reported that h-index
calculations from Scopus have a high degree of correlation
Surgical Education � Volume 71/Number 3 � May/June 2014
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with those from another widely used source, Google
Scholar.26 Data collection for this analysis was completed
in February 2013.
Statistical Analysis

Mann-Whitney U test and Kruskal-Wallis test were used for
comparison of continuous variables as appropriate, with
threshold for significance set at p o 0.05. Statistical analysis
was conducted using SPSS v20 (SPSS Inc., an IBM
Company, Chicago, IL).
FIGURE 2. Scholarly impact organized by fellowship training status
(inset, top right) and subspecialty training. Error bars represent standard
error of mean. Onc, urologic oncologists; none, nonfellowship trained;
Endo, endourology/minimally invasive urology; Andro, male infertility/
andrology; Ped, pediatric urology; Dyn, female urology/urodynamics.
RESULTS

Mean scholarly impact, as measured by the h-index,
increased with successive academic rank (Kruskal-Wallis
test, p o 0.01), although this difference did not reach
statistical significance on comparison of professors and
departmental chairpersons (Mann-Whitney U test, p ¼
0.10) (Fig. 1). All chairpersons held the rank of professor;
however, they were only counted in the chairperson
category in Figure 1 to avoid double-counting faculty.
The h-index of all professors (including chairpersons) was
21.3 � 0.76 standard error of mean.
There was no statistical difference in h-index between

fellowship-trained and nonfellowship-trained academic urol-
ogists (Mann-Whitney U test, p ¼ 0.80) (Fig. 2). Differ-
ences were present on further examination by subspecialty.
Urologic oncologists had a higher h-index than practitioners
from all other specialties (Mann-Whitney U tests with each
specialty, p o 0.002). Nonfellowship-trained academic
urologists had a higher h-index than other specialties aside
from urologic oncologists, although this difference only
reached significance on comparison with faculty practicing
pediatric urology or female urology/urodynamics (Mann-
Whitney U tests, p o 0.01). Endourologists had a higher
h-index than faculty practicing pediatric urology (p ¼ 0.01)
FIGURE 1. h-Index of 851 academic urologists organized by aca-
demic rank. n ¼ Sample size, error bars represent standard error
of mean.

Journal of Surgical Education � Volume 71/Number 3 � May/June
and urodynamics (p ¼ 0.052), although this difference only
bordered statistical significance on comparison with the
latter. Scholarly impact of the 11 practitioners having
undergone multiple clinical fellowships was 15.3 (�
2.8 standard error of mean). Information regarding practi-
tioners completing training in a fellowship other than the
5 major subspecialties illustrated in Figure 2 can be found in
Table 1. The previously described relationship of increasing
h-index with successive academic rank was also noted on
breakdown of faculty by subspecialty training (Fig. 3).
Urologic oncologists and nonfellowship-trained urologists
collectively comprised 69.2% of departmental chairpersons
in this analysis (Fig. 4).
DISCUSSION

Urology as a surgical subspecialty has a growing number of
trainees, with a consequent 33% increase in practicing
urologists over the past 3 decades.48 In addition to an
increasing number of practitioners, research impact of
academic urologists has also increased considerably in recent
years. A recent analysis using the h-index determined that
urologists had among the highest academic productivity
relative to other surgical specialties.24 The h-index is a
TABLE 1. Scholarly Impact of Practitioners in Other Urologic
Clinical Fellowships

Fellowship
Mean

h-index (�SEM) Range n

Trauma and recon 7.2 (�1.08) 1-27 28
Neurourology 19.3 (�4.73) 6-46 8
Renal transplant 27.8 (� 11.72) 8-65 5

SEM, standard error of mean.
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FIGURE 3. Scholarly impact organized by academic rank and sub-
specialty. Vertical axis represents h-index; depth axis (front to back)
represents successive academic rank (Assistant Professor, Associate Profes-
sor, Professor). Onc, urologic oncology; none, nonfellowship trained;
endo, endourology/minimally invasive urology; Andro, male infertility/
andrology; Ped, pediatric urology; Dyn, female urology/urodynamics.

FIGURE 4. Subspecialty breakdown of departmental chairpersons.
Onc, urologic oncology; none, nonfellowship trained; Endo, endourol-
ogy/minimally invasive urology; Andro, male infertility/andrology;
Ped, pediatric urology; Dyn, female urology/urodynamics.
relatively new modality for the assessment of an author’s
scholarly accomplishments. This index takes into consid-
eration the number of articles written and the number of
times those articles have been cited.22 For example, if an
individual has published 20 articles and each article has
been cited 20 different times, the h-index would equal 20.
Similarly, if that individual published 30 articles but only
20 of them had been cited at least 20 times, the h-index
would remain 20. This effectively displays the influence of a
person’s contribution to science by incorporating the
number of times their work has been cited.
Overall, 851 urologists were analyzed across 101 urology

academic departments; 63% of whom were fellowship
trained. No significant difference in scholarly impact, as
measured by the h-index, existed between fellowship and
nonfellowship-trained urologists (h-index ¼ 13.5 and 14.6,
respectively, p ¼ 0.80). Considerable differences were
certainly seen, however, on comparison of the various
urologic subspecialties (Fig. 2). Several factors may explain
this finding. An important issue to consider when evaluating
practitioners from each fellowship for academic output is
the number of practicing physicians in that particular
subspecialty. For example, in 2011, there were 10,601
practicing urologists, of which, only 232 were fellowship-
trained pediatric urologists.49 Practitioners in pediatric
urology had the second lowest mean h-index of the major
fellowships examined in this analysis. Those trained in
pediatric urology represent only 2% of academic urologists
in the United States and even a smaller fraction of the
medical community. Given these statistics, publications
from individuals in this field may be seen by a smaller
audience and are thus cited less frequently, possibly leading
to a lower h-index. Conversely, the nonfellowship-trained
academic urologists may have a larger target audience,
thereby increasing the chance that their work would be
cited. Similarly, urologic oncologists had a statistically
significantly higher h-index than any other group. This
348 Journal of
may be reflective of the fact that the field of urologic
oncology is pertinent not only to the urologic specialty but
to other specialties of medicine and research. Fields such as
medical oncology, obstetricians/gynecologists, and the basic
sciences may all benefit from the research produced by these
fellowship-trained urologists.
Despite the possibility that the number of practitioners

within a field may influence the frequency with which works
are cited, examining scholarly impact by the h-index still
may relay differences in research emphasis among differing
specialties. A previous examination comparing scholarly
impact among various surgical specialties had shown that
urologists, along with neurological surgeons and general
surgeons, had the highest mean h-index.24 For example,
neurological surgeons number approximately 5000 practi-
tioners in the United States. This number is approximately
5 times less than the number of general surgeons, yet
neurosurgeons had equivalent research productivity in that
analysis, as well as higher scholarly impact than physicians in
several other larger fields such as orthopedic surgery,
ophthalmology, and plastic surgery. Additionally, although
there were approximately 40,000 practicing obstetricians
and gynecologists in 2008 according to the Association of
American Medical Colleges (the largest surgical specialty in
the aforementioned h-index analysis), practitioners in this
specialty had the lowest scholarly impact as measured by this
bibliometric. These figures indicate that emphasis on
research certainly plays a role in differences among surgical
specialties, rather than size of audience alone.
The lack of a difference in h-index between fellowship-

trained and nonfellowship-trained practitioners potentially
suggests that research is not highly emphasized at the fellow-
ship level. This is in contrast to analyses of research
productivity in other fields; 1 analysis of the influence of
fellowship training on research productivity among academic
otolaryngologists found that fellowship-trained practitioners
Surgical Education � Volume 71/Number 3 � May/June 2014



had a significantly higher h-index than their nonfellowship-
trained colleagues.29

Factors other than fellowship training obviously play an
important role in influencing scholarly productivity. A 2010
study looking at h-indices of radiologists found a significant
difference in h-indices of all levels of academic rank when
comparing the top 25 NIH-funded programs and the non–
top 25 NIH-funded programs.15 A recent study looking at
urologists and NIH funding showed that increased grant
funding was related to higher h-index scores.27 Concordantly,
a study in 2011 revealed a significantly higher h-index among
urologists from the top 50 urology hospitals in 2009 as listed
by the U.S. News and World Report.50 It is possible
therefore that fellowship-trained urologists are producing
more research and thus higher h-indices more so at the top
NIH-funded programs. This is not to suggest that research is
not valued at other training locations, and a future study
examining the h-index of urologists at these programs may
reveal a significant difference at institutions where research
and manuscript preparation may be more highly emphasized.
The present analysis also found that as academic rank

increased, there was a significant increase in h-index,
consistent with previous studies in various fields of medicine
and surgery. Interestingly, nearly 70% of departmental
chairpersons had fellowship training in urologic oncology
or no fellowship training. These 2 fields comprised the
2 highest h-indices. It has been previously suggested that
research productivity is a significant factor involved in
academic progression, underscoring this finding.19

There are some limitations that are important to acknowl-
edge in the data collection process. The information was
obtained from program websites, which are updated periodi-
cally. The websites may not accurately reflect factors such as
the faculty position or new fellowships completed if such a
lag exists. Furthermore, the websites do not always provide
information about the academic track of a physician.
Academic institutions often provide a tenure track and
nontenure track for faculty. In the latter, research may not
be highly emphasized.51,52 The definitive track could not be
determined by the website information and thus, the
influence of the track on scholarly output was not measured.
h-index integrates individual measures of research output

to produce a reliable and easily calculable measure of the
relevance of the author’s contributions. This tool, however,
has some inherent limitations regarding evaluation of
researchers. One major criticism of the h-index includes a
potential bias toward clinical research. As an example, basic
and translational research pursuits often require a more
substantial investment of time. Though this research may
ultimately prove to have a larger influence on the scientific
community, the amount of time required to produce such
research may potentially lower the total h-index score of the
physician scientists involved in such work. The h-index
consequently may not accurately reflect the significance of
their contributions.22,53 In a similar manner, authors often
Journal of Surgical Education � Volume 71/Number 3 � May/June
include “honorary” authorship, such as department chairs,
as additional contributors to the article. Although this may
inflate an individual’s h-index, it is difficult to assess an
author’s actual contribution. Thus, the effect of this
phenomenon cannot be accurately assessed.
Self-citation is another criticism of the h-index.18,22,27,54

Although this may have a more profound effect on increasing
one’s h-index at low values, it becomes exceedingly difficult for
those already at a higher h-index scores, as it would require
repeated and sustained citation to raise one’s h-index by more
than 1 or 2.24,55 Recent reports have noted that there is
minimal change in the h-index owing to self-citation.55,56

Another limitation is that the h-index does not take into
account the author’s contribution to the work. An individual
who is consistently a coauthor to a prolific author could
possibly have a sizeable h-index not indicative of the quality of
their scholarship. However, this would be difficult to effec-
tively raise the h-index without consistently being a coauthor
on a large number of publications. Despite these drawbacks,
the h-index remains one of the few measurements that take
into account numerous attributes regarding an individual’s
scholarly activities in an objective manner, such as how
frequently an author is contributing relevant and highly cited
material toward scholarly discourse within a field, making it
an invaluable tool in assessing academic research productivity.
CONCLUSION

Several factors influence career advancement in academic
urology, including mentorship, administrative responsibil-
ities, and patient care. Research productivity also plays an
important role in this process. In addition to furthering a
clinician’s career, it boosts the recognition and status of the
home department and the institution. Approximately 70%
of department chairpersons in this analysis were either
nonfellowship-trained or urologic oncologists, the 2 subspe-
cialties with the highest mean h-index, suggesting that a
strong research profile is highly valued during selection for
academic promotion. Although no overall difference was
noted in scholarly impact between fellowship-trained and
nonfellowship-trained urologists, differences existed on
further comparison by subspecialty. Fellowship training
represents another potential opportunity to introduce struc-
tured research experiences for trainees, as only 50% of
urology residencies have research built into their schedules.
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