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Background: Academic productivity, as measured by number and impact of publica-
tions, is central to the career advancement and promotion of academic surgeons. We
compared research productivity metrics among specialties and sought factors associ-
ated with increased productivity.

Methods: Academic surgeons were identified through departmental webpages and
their scholarly metrics were collected through Scopus in a standardized fashion. We
collected total number of documents, h-index, and average number of publications
per year in the preceding 5 years. We explored whether presence of a training pro-
gram, graduate degree, academic rank and size of the clinical group affected produc-
tivity metrics. Linear regression was used for multivariable analysis.

Results: We collected data on 2172 surgeons from 15 separate academic centres across
Canada. Wide variability existed in metrics among specialties, with cardiac and neuro-
surgery being the most productive, and vascular surgery and plastic surgery being the
least productive. The average number of publications was 71, and the average h-index
was 18.7. The average h-index for cardiac surgery was 25.7 compared with 8.3 for vas-
cular surgery (p < 0.001). Our multivariable model identified academic rank, surgical
specialty, graduate degree, presence of a training program, and larger clinical group as
being associated with increased academic productivity.

Conclusion: There is variability in research productivity among Canadian surgical
specialties. Cardiac surgery and neurosurgery are productive, whereas vascular sur-
gery and plastic surgery are less productive than other surgical disciplines. Obtaining
a research-oriented graduate degree, being part of a larger clinical group, and
presence of a training program were all associated with higher productivity, even after
adjusting for academic rank and specialty.

Contexte : La productivité universitaire, évaluée selon le nombre de publications et
leurs retombées, est déterminante pour la carriére et 'avancement des professeurs de
chirurgie. Nous avons comparé des indicateurs de la productivité en recherche de
diverses spécialités et cherché les facteurs liés a une productivité accrue.

Méthodes : Nous avons identifié les professeurs de chirurgie dans les pages Web de
départements, et recueilli dans Scopus, de maniére normalisée, les données : nombre
total de documents, indice h et nombre moyen de publications par année dans les
5 dernieres années. Nous avons cherché a savoir si I’existence d’un programme de
formation, le diplome d’études supérieures, le rang professoral et la taille du groupe
clinique avaient une incidence sur les indicateurs de productivité. L’analyse multivari-
able a été faite au moyen d’une régression linéaire.

Résultats : Nous avons recueilli des données sur 2172 chirurgiens de 15 différents cen-
tres universitaires du Canada. Les indicateurs variaient grandement selon la spécialité. La
productivité la plus élevée était associée a la chirurgie cardiaque et a la neurochirurgie, et
la productivité la moins élevée, a la chirurgie vasculaire et a la chirurgie plastique. Le
nombre moyen de publications était de 71 et I'indice h moyen, de 18,7. L’indice h moyen
pour la chirurgie cardiaque était de 25,7, comparativement a 8,3 pour la chirurgie
vasculaire (p < 0,001). Notre modele multivariable a montré que le rang professoral, la
spécialité chirurgicale, le diplome d’études supérieures, I'existence d’'un programme de
formation et un grand groupe clinique sont liés a une productivité universitaire accrue.

Conclusion : La productivité en recherche varie en fonction de la spécialité chirurgi-
cale au Canada. La chirurgie cardiaque et la neurochirurgie sont productives, tandis
que la chirurgie vasculaire et la chirurgie plastique le sont moins que d’autres spécia-
lités. L’obtention d’un dipléme d’études supérieures axées sur la recherche,
Pappartenance a un grand groupe clinique et existence d’un programme de formation
éraient toutes associées a une productivité supérieure, méme aprés correction pour
tenir compte du rang professoral et de la spécialité.

© 2021 Joule Inc. or its licensors



cademic surgeons must fulfill numerous profes-
A sional obligations. In addition to the care of com-

plex surgical patients, they are expected to mentor
and train surgical residents and conduct research. Research
output, as measured by number and impact of publications,
is central to the career advancement and promotion of aca-
demic surgeons.'”* Simply relying on a surgeon’s total num-
ber of publications does not convey a true representation of
their contribution to the academic literature as practice-
changing randomized controlled trials will be counted the
same as case reports. Along with the number of publica-
tions, h-index has emerged as a reliable metric to measure
the average impact of a given surgeon’s publications.*
Briefly, the h-index is a measure of an author’s personal
impact and is defined as “x number of publications cited at
least x number of times.” It has been used extensively in the
academic productivity literature to help evaluate the impact
of a given surgeon’s research performance.’ Although
specialty-specific studies looking at academic performance
have been conducted in Canada,® to our knowledge, no
study has conducted a national comparison of different sur-
gical specialties with regards to average academic produc-
tivity metrics. We hypothesized that there would be large
discrepancies in average research productivity among sur-
gical specialties in Canada. We conducted a nation-wide
study to compare average research productivity among sur-
gical disciplines and identify predictors of increased aca-
demic productivity. This is important as specialty-specific
benchmarks should be used when evaluating surgeons for
academic job retention and promotion. In addition, less
productive specialties may look to more productive special-
ties for ways to improve their research output.

MEeTHODS

We collected data on academic surgeons from the special-
ties of cardiac surgery, thoracic surgery, neurosurgery, plas-
tic surgery, vascular surgery, general surgery, orthopedic
surgery, and pediatric surgery practising at 15 university-
affiliated medical centres across Canada (Appendix 1,
available at canjsurg.ca/016319-al). Through institutional
and departmental websites, individual surgeons’ data,
including name, gender, specialty, academic rank, gradu-
ate degrees held, and the presence of an onsite resident
training program were gathered. We excluded surgeons
with adjunct appointments. This study protocol was
reviewed by Western University’s ethics review board and
deemed not to require formal board review as the data
were publicly available and we planned to present the data
as deidentified summary data only.

Academic productivity metrics, including total publica-
tions, h-index, and yearly average number of publications
in the preceding 5 years, were obtained from the Scopus
database using the author search function, by surgeon first
and last name as well as affiliated university (last updated
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September 2018). Although alterative search strategies
exist, Scopus has been used widely in the scholarly output
literature and has been shown to correlate well with
Google Scholar searches.” In instances where the search
returned multiple results with the same first and last name,
a case by case decision was made based on comparing each
author’s affiliations, publications and coauthors to the spe-
cialty and declared research interests. It is important to
note that we measured only number of publications and
their potential impact (h-index); we did not account for
other metrics of academic activity, such as teaching, com-
mittee work, or leadership, and thus only partially captured
a given surgeon’s academic contributions.

"The surgeons were grouped according to various factors,
including specialty, institution, academic rank, graduate
degrees held, and the presence of an onsite resident training
program. To determine whether there were significant dif-
ferences in the outcomes (total publications, h-index, average
yearly publications in preceding 5 years) between different
groups, we conducted 1-way analysis of variance (ANOVA)
with post hoc Tukey tests and # tests, as appropriate. To
assess which surgeon- or practice-related factors were
independently associated with productivity, linear regression
was used with the dependent variables log-transformed given
the non-normal distributions of the outcome variables. All
analyses were 2-sided with significance set at p < 0.05 and
were performed using SPSS version 24 (IBM).

REsuLTS

We collected data from 15 academic centres encompass-
ing 114 individual surgical departments for a total of 2172
surgeons (1825 men [84%] and 347 women [16%]). The
largest specialties represented were orthopedic surgery
(n = 631) and general surgery (7 = 590), while the smallest
specialties were vascular surgery (z = 92), thoracic surgery
(n = 74) and pediatric surgery (z = 31) (Table 1). Of the
surgeons whose academic rank we were able to obtain,
49.5% (n = 821) were assistant professors, 25.1% (n = 416)
were associate professors, 20.2% (n = 335) were full pro-
fessors, and the remaining 5.2% were lecturers (n = 43)
and emeritus professors (1 = 43).

For all 2172 surgeons, the average h-index was 11.0,
average total publications was 40.1, and average publica-
tions per year in the preceding 5 years was 2.45. However,
all 3 of these metrics were heavily left-skewed, and the
mode for h-index, total publications and publications per
year in the preceding 5 years were all equal to 0 (Figure 1).
"This indicates that overall there are a few highly productive
surgeons and that a larger number of surgeons who hold
academic appointments publish very little or not at all. This
pattern was consistent throughout the specialties.

All 3 measures of academic productivity differed signifi-
cantly among specialties (p < 0.001) (Table 1). When we
examined specific comparisons using post hoc Tukey tests,
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Table 1. Research productivity metrics by surgical specialty in Canada (arranged by average total

number of documents from highest to lowest)

Total number of Average number of Number of
publications, H-index, publications/year, publications/ years,
Specialty mean (SD) mean (SD) mean (SD) mean (SD)
Neurosurgery (n = 189) 72.4(126.1) 16.9 (23.4) 4.1(7.6) 20.7 (38.2)
Cardiac surgery (n = 145) 71.4(85.8) 18.7 (16.1) 3.4(4.8) 17.2 (24.0)
Urology (n = 218) 60.7 (88.0) 14.2 (15.1) 3.6(5.4) 18.3(27.2)
Pediatric surgery (n = 31) 55.4 (85.1) 12.9(13.1) 33(4.4) 16.7 (21.9)
Thoracic surgery (n = 74) 52.1(77.7) 13.6 (14.4) 3.3(5.3) 16.4 (26.7)
Orthopedic surgery (n = 631) 31.3 (69.8) 9.3(11.8) 2.0(3.8) 10.1(19.1)
General surgery (n = 590) 28.3 (65.8) 8.8(12.2) 1.6 (3.0) 7.7 (15.2)
Vascular surgery (n = 92) 25.7 (40.2) 8.3 (8) 1.4(2.4) 7.1(11.9)
Plastic surgery (n = 202) 24.1 (43.5) 7.7 9.2) 1.4 (2.5) 6.8 (12.5)
SD = standard deviation.
h-index frequency for Total publication Average publications/year in last
Canadian surgeons frequency 5 years frequency
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Average h-index: 11 Average total publications: 40.1 Avertage publications/year: 2.45
Median h-index: 6 Median total publications: 12 Median publications/year: 0.6
Mode h-index: 0 Mode total publications: 0 Mode publications/year: 0

Fig. 1. Frequency distribution of academic metrics for the entire cohort of surgeons.

significant differences existed when comparing high-
publishing specialties (neurosurgery, cardiac surgery, urol-
ogy) with low-publishing specialties (general surgery, ortho-
pedic surgery, plastic surgery and vascular surgery). On
average, neurosurgeons had 72.4 publications and cardiac
surgeons had 71.4 publications, whereas plastic surgeons
had 24.1 publications and vascular surgeons had 25.7 publi-
cations (Table 1). The differences in h-index were similar,
with neurosurgeons (16.9) and cardiac surgeons (18.7)
having significantly higher h-indices than with vascular sur-
geons (8.3) and plastic surgeons (7.7).

When we explored differences in number of publications
per academic rank, we saw a similar pattern, with low-
publishing specialties having fewer publications and a lower
h-index per academic rank than high-publishing specialties.
For example, neurosurgeons at the rank of associate profes-
sor had on average 51.5 publications with an h-index of
14.5, while vascular surgeons at the same rank had only
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27.5 publications with an h-index of 9.8. Similarly, neuro-
surgeons at the rank of full professor had on average 189.4
publications with an h-index of 34.7, while vascular sur-
geons at the same rank had only 68.5 publications and an
h-index of 16.8 (Table 2).

In examining academic productivity among different aca-
demic ranks for the entire group, we found a statistically sig-
nificant difference (p < 0.001) in h-index, total publications,
and average yearly publications in the preceding 5 years
among full professors, associate professors and assistant pro-
fessors (Figure 2). For the purposes of this comparison, lec-
turers and emeritus professors were excluded and depart-
ment chairs were included as full professors. When testing
for differences in academic productivity based on graduate
degrees, all 3 metrics showed statistically significant differ-
ences (p < 0.05) among surgeons with no graduate degree,
surgeons with an MSc and surgeons with a PhD. Other
graduate degrees, including MEd, MHPE, MBA, and
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Table 2. Academic metrics by rank and specialty

Assistant professor Associate professor Professor
Specialty Total H-index Avglyr  Total H-index Avglyr Total H-index Avglyr
Neurosurgery 30.8 9.9 2.3 51.5 14.5 3.6 189.4 34.7 9.3
Cardiac surgery 211 7.6 1.7 56.2 15.7 3.9 98.3 32.1 5.1
Urology 19.5 5.6 1.6 56.8 15.5 4.3 143.3 29.2 6.9
Pediatric surgery 26.5 6.9 25 41.2 12.8 2.9 249.7 41 8.7
Thoracic surgery 14.4 5.8 1.3 46.3 13.9 35 136.0 285 7.7
Orthopedic surgery 14.5 5.1 1.5 41.2 124 3.3 138.2 31.1 6.9
General surgery 9.7 4.3 0.8 23.2 8.2 1.6 117 28.0 4.7
Vascular surgery 13.1 5.5 1.1 27.5 9.8 1.2 68.5 16.8 2.7
Plastic surgery 8.7 3.8 0.7 24.9 9.0 1.5 66 17.6 3.3
Total publications by academic rank H Index by academic rank
200 1 50 1
180 4 W Average total 45 1 M Average h-index
160 4 M Median 40 A M Median h-index
138.7
140 4 132.56 35 A
28.5 29
120 1 30 1
% 26
100 A 83 25 - 22
80 A 20
60 15 4 11.6
375 10
40 24 10 4 5.5 7
0 [ | 0 |
Department  Professor ~ Associate  Assistant Lecturer Department Professor ~ Associate  Assistant  Lecturer
chair professor professor chair professor  professor
Average publications/year by academic rank
10 4
9 1 W Average yearly pubs
8 A M Median
6.9
77 6.1
6 4
5 1 42
4 A 3.4
2.7
3 4
2 A 1.2 1.3
11 0.2 02 4
0 p
Department  Professor ~ Associate ~ Assistant Lecturer
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Fig. 2. Comparison of research output metrics by academic rank for the entire cohort of surgeons.

MPH, showed no significant difference when compared
with other groups (Figure 3). When we compared academic
productivity at centres with an on-site resident training pro-
gram to centres without one, 7 tests showed statistically sig-
nificant differences (p < 0.001) in all 3 metrics (Figure 4).
Linear regression analysis using 3 separate models for
the 3 outcomes in question found specialty, academic rank,
presence of graduate degree, larger division size, and pres-
ence of on-site training program to be independently asso-

ciated with increased academic output for all 3 metrics of
research productivity, whereas gender and academic insti-
tution were not associated with increased output (Appendix 1,

Table S1).
Discussion

We identified a large discrepancy in average research pro-
ductivity among surgical specialties across Canada.
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Fig. 3. Comparison of h-index by graduate degree obtained.
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Fig. 4. Effect of the presence of a training program on academic metrics.

Cardiac surgery, neurosurgery and urology were all rela-
tively more productive according to all 3 metrics (total
number of publications, h-index, and average number of
yearly publications in the preceding 5 years) when com-
pared with other specialties; general surgery, orthopedic
surgery, plastic surgery and vascular surgery were the least
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productive. These differences were significant even after
adjusting for academic rank, institution, presence of grad-
uate degree, and presence of on-site training program.
Reasons for this discrepancy are not fully explained by our
data. When looking at specific factors associated with
increased research productivity, surgeons with an MSc or



PhD were more productive, whereas those with an MEd,
MPH or MBA were not significantly more productive
than those without a masters degree. In an analysis of
research productivity of residents from 2 academic centres
in Canada, Merani and colleagues found residents who
completed a graduate degree during training were more
productive academically both during and after training,
particularly when they completed a PhD.® When looking
at differences in the proportion of surgeons with research-
oriented graduate degrees (PhD or MSc), we found that
most neurosurgeons (55.7%) have graduate degrees,
which is higher than some of the less productive special-
ties such as general surgery (32.1%) and vascular surgery
(37%). This may help to explain why neurosurgeons were
more productive; however, this is not the sole reason for
interdisciplinary differences in research output, as urol-
ogists had the lowest proportion of graduate degrees
(21.8%) but were among the higher academically produc-
tive specialties (Appendix 1, Table S2).

Other authors have noted differences in average
research productivity when comparing different surgical
specialties. Ashfaq and colleagues, in an analysis of more
than 3000 US surgeons, found significant differences in
h-index between specialties.’ They identified surgical
oncology and thoracic surgery to have higher h-indices
than other specialties, particularly colon and rectal surgery
and trauma surgery. Similarly, Valsangkar, in an analysis of
3850 academic surgeons from the top 15 academic institu-
tions in the US, found cardiothoracic surgery, surgical
oncology and transplantation to have higher research out-
put when compared with other specialties.! Interestingly,
Ashfaq and colleagues found that vascular surgeons were
among the more highly productive specialties, with a mean
h-index of 16.7, whereas in our study they were near the
bottom, with a mean h-index of 8.3. This suggests that the
average American academic vascular surgeon is nearly
twice as productive/impactful as the average Canadian aca-
demic vascular surgeon. Why these cross-border differ-
ences exist is unclear, although indirect evidence from
volume—outcome studies suggests that the average Can-
adian vascular surgeon is clinically busier than their Amer-
ican counterparts, as evidenced by higher per-surgeon
abdominal aortic aneurysm repair volumes.” While these
cross-border differences in academic output by specialty
exist for vascular surgery, this may not apply to all special-
ties. In a separate analysis of 2429 academic surgeons from
20 randomly selected academic institutions in the US, the
average h-index for a plastic surgeon was 8.4, which is very
similar our finding of 7.7.!° This indicates that in the US,
like in Canada, plastic surgeons publish fewer papers than
surgeons from other specialties.

Both regional and specialty-specific factors need to be
taken into account when assessing a given surgeon’s rela-
tive academic output compared with that of his or her
peers. Some authors have argued that the h-index may be
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influenced by the size of the specialty, with more of a tar-
get audience for reading and citation of one’s work, thus
increasing the h-index. In an analysis of US data, general
surgeons were found to have significantly higher h-indices
than surgeons from smaller specialties.!’ In our data both
orthopedic surgery and general surgery were relatively
underproductive compared with the smaller specialties of
neurosurgery and cardiac surgery, indicating that in Can-
ada, size of specialty is not a major driver of academic out-
put or impact.

We found presence of an on-site training program to be
associated with increased productivity. Presumably, the
access to residents and trainees allows surgeons to mentor
them through research projects and increase their output.
Although this was significant in the analysis, when exam-
ined among specialties no consistent pattern emerged, as
both orthopedic surgery and general surgery programs had
on-site training programs but were relatively underproduc-
tive. The culture and research expectations may differ
among training programs, and this may explain why they
do not track perfectly with specialty output. One Canadian
training program was able to increase their research output
by adopting a formal resident research program consisting
of formal meeting and mentoring schedules, research-
related didactic teaching, and clear goals and deliverables.!!
In a separate study, otolaryngologists who mentored med-
ical students were more productive academically than
those who did not."

Being part of a larger clinical group was associated with
increased productivity. We identified a consistent pattern
of research productivity among the various specialties with
each having a few extremely productive members (publi-
cations in the 200—400 range) and a larger number of min-
imally productive surgeons. Presumably, being in a larger
clinical group allows a research-focused surgeon to better
allocate their time toward producing more research out-
put while they are protected from clinical obligations.
Many academic departments stress the importance of
“protected time” for academic work, facilitating weekly
work schedules that allow surgeons to devote time to
research. Interestingly there is very little evidence to sup-
port this practice. In fact, a study of cardiac surgeons from
the state of New York found no overall correlation
between number of publications and clinical volume.
They identified a sub-group of surgeons (15%) who had a
high number of publications and who were also the busi-
est clinically, with the exception of a few PhD surgeons
(1%) who were clearly full-time researchers.” More
research is needed on the potential relationship between
clinical volume/workload and academic productivity.
Many academic departments will use clinical earnings to
support surgeons with a research focus, expecting
increased academic output, but it is unclear whether this
strategy consistently leads to more impactful research.
Given that most academic surgeons still depend on their
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clinical work to generate revenue, some departments have
used academic point systems to help quantify and remu-
nerate surgeons for academic work, which has led to
increased productivity.'* We did not assess the impact of
alternate funding strategies on academic productivity, as
individual surgeon salary data are unavailable.

It is not surprising that academic rank is associated
with increased research output, as these are precisely the
metrics that factor heavily in a surgeon’s promotional
application.’®” What is interesting is the significant dis-
crepancy in average research metrics between the special-
ties. For a cardiac surgeon promoted to the rank of asso-
ciate or full professor, they have on average 56 total
publications and 133 total publications, respectively,
while for vascular surgery the average is 27 publications
for associate professors and 68 publications for full pro-
tessors. This highlights the need to consider specialty-
specific benchmarks when considering surgeons for aca-
demic promotion. We have tabulated average metrics to
help guide academic promotion committees when assess-
ing a surgeon’s research productivity and comparing it to
that of their peers (Table 2). Why this large discrepancy
exists is not entirely clear from our data. Some of it may
be attributed to the slightly increased prevalence of grad-
uate degrees and training programs among specialties,
but other factors are also important. Perhaps the less pro-
ductive specialties are busier clinically; however, as dis-
cussed earlier the link between protected time and aca-
demic productivity has yet to be conclusively shown.
Other factors that likely contribute are the availability of
mentors, research networks, and access to basic science
partners, which all may differ among specialties. Other
factors such as institutional and specialty culture likely
play a role as well. Future work using tools like network
analysis may shed some light on other factors that can
explain these differences.

Despite the differences in absolute numbers of publica-
tions and impact among specialties, the distribution of aca-
demic productivity was similar among specialties, with
each containing a few very productive surgeons and a
larger number of academic surgeons with very few publica-
tions. This skewed distribution of academic activity was
also evident in a study of 3850 academic surgeons from the
US, where the top 10 most cited faculty within each
department contributed 42% of all publications and 55%
of all citations.! Implications of these findings include
leveraging these key individuals to lead departmental
research endeavours and mentor younger surgeons to bet-
ter prepare them for academically productive careers.

Limitations
Our study has some limitations. We did not capture
information on the number of first/last author publica-

tions. It is possible that a subset of surgeons with a large
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number of publications are simply benefiting from mem-
bership in active research groups but are not driving the
research themselves; however, this would likely apply to
all specialties. Also the h-index is vulnerable to self-
citation, which can artificially increase the impact of an
author’s work.'* We also were unable to explore individ-
ual surgeons’ clinical workload, and more work needs to
be done to explore the potential relationship between
clinical activity and academic productivity. We also did
not quantify other academic obligations such as commit-
tee work, volunteer work, and teaching, all of which
make up important academic contributions. It is proba-
ble that less research-focused surgeons are contributing
in other ways to the academic mission of their respective
institutions, and this was not captured in our study; how-
ever, this would have applied to all specialties equally.
We also did not capture information on grant funding;
however, this is often correlated with the publication
metrics used here.! We relied on Scopus and departmen-
tal websites for our data gathering, and unfortunately
these can sometimes be outdated,® which may have led to
some underestimation of research output or misclassifi-
cation of rank or graduate degree; however, this would
have applied similarly to all specialties.

CONCLUSION

There is wide variability in average research productivity
among Canadian academic surgeons. Cardiac surgery,
neurosurgery and urology were relatively productive spe-
cialties, whereas vascular surgery and plastic surgery pub-
lished fewer papers on average than other surgical disci-
plines. Specialty-specific benchmarks should be considered
when evaluating surgeons for academic promotion. Obtain-
ing a research-oriented graduate degree, being part of a
larger clinical group, and presence of an on-site training
program were all associated with higher productivity, even
after adjusting for academic rank, institution, and specialty.
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