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ABSTRACT
Background Academic physicians aim to provide 
clinical and surgical care to their patients while actively 
contributing to a growing body of scientific literature. 
The coronavirus disease 2019 (COVID-19) pandemic 
has resulted in procedural- based specialties across the 
United States witnessing a sharp decline in their clinical 
volume and surgical cases.
Objective To assess the impact of COVID-19 on 
neurosurgical, stroke neurology, and neurointerventional 
academic productivity.
Methods The study compared the neurosurgical, 
stroke neurology, and neurointerventional academic 
output during the pandemic lockdown with the same 
time period in previous years. Editors from a sample of 
neurosurgical, stroke neurology, and neurointerventional 
journals provided the total number of original manuscript 
submissions, broken down by months, from the year 
2016 to 2020. Manuscript submission was used as a 
surrogate metric for academic productivity.
Results 8 journals were represented. The aggregated 
data from all eight journals as a whole showed that a 
combined average increase of 42.3% was observed on 
original submissions for 2020. As the average yearly 
percent increase using the 2016–2019 data for each 
journal exhibited a combined average increase of 11.2%, 
the rise in the yearly increase for 2020 in comparison 
was nearly fourfold. For the same journals in the same 
time period, the average percent of COVID-19 related 
publications from January to June of 2020 was 6.87%.
Conclusion There was a momentous increase in the 
number of original submissions for the year 2020, and 
its effects were uniformly experienced across all of our 
represented journals.

INTRODUCTION
On January 20, 2020, the first case of the novel 
coronavirus disease 2019 (COVID-19) in the 
United States was confirmed.1 The World Health 
Organization subsequently declared COVID-19 
a global pandemic, and on March 13, 2020 the 
American College of Surgeons recommended the 
cessation of elective surgeries and the triaging of 
remaining cases by the level of acuity.2–4 The recom-
mendation was cemented across the United States 
when surgical departments were required to cancel 

all elective surgeries by executive order5 to help to 
reduce the burden on the healthcare system during 
the pandemic.6

Surveys of physicians across varied specialties 
have unanimously demonstrated marked disrup-
tions in clinical practice due to the pandemic.7–10 
Interestingly, these disruptions encompass not 
only elective procedural volumes but also reduc-
tions in urgent and emergent procedures. Studies 
have reported decreased admissions for ischemic 
stroke,11 a substantial reduction in mechanical 
thrombectomy volumes,12 and a sharp decline in 
the number of stroke imaging evaluations at the 
height of the pandemic.13 In a nationwide survey 
of US neurointerventionalists, over three- quarters 
of respondents similarly reported greater than 
25% reductions in emergent procedures during 
the pandemic, with over two- thirds of respondents 
reporting greater than 50% reductions in overall 
procedural volumes.14 Additionally, many insti-
tutions and departments have attempted to miti-
gate the risk of exposure to physicians by using 
telehealth for clinic visits, postponing non- urgent 
clinic visits, and reducing the number of physi-
cians carrying out rounds or examining patients 
in hospital facilities. These factors combined have 
created an unprecedented situation, where many 
physicians have faced dramatically reduced clin-
ical and surgical responsibilities. The present study 
explored whether the restrictions of the pandemic 
offered academic neurosurgeons, stroke neurolo-
gists, and neurointerventionalists opportunities for 
increased participation in academic activity during 
the pandemic lockdown period, as reflected by 
submission of manuscripts.

METHODS
Editors who serve as representatives of a spectrum of 
clinical journals in neurosurgery, stroke neurology, 
and neurointerventional surgery were invited to 
participate voluntarily in this study. Manuscript 
submission was used as a surrogate metric for 
academic productivity. Respondents provided the 
total number of original manuscript submissions, 
organized monthly from January to June, from 
the year 2016 to 2020. The pandemic lockdown 
period was defined as March to May 2020, when 
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a significant surge in infections was encountered in the north-
east and west of the United States. A total of eight neurosur-
gical, stroke, and neurointerventional journals were represented: 
Neurosurgery, Journal of Neurosurgery, Journal of Neurosurgery: 
Spine, Journal of Neurosurgery: Pediatrics, American Journal 
of Neuroradiology, Journal of NeuroInterventional Surgery, 
Stroke, and World Neurosurgery. For the American Journal of 
Neuroradiology, Journal of NeuroInterventional Surgery, Journal 
of Neurosurgery, Journal of Neurosurgery: Spine, and Journal 
of Neurosurgery: Pediatrics, the total number of rejections 
by month for the same time period were also provided. Total 
number of submissions by month were plotted on a line graph, 
and the results were separated by year. Statistical analysis using 
a linear regression model was performed using R (version 3.4.3, 
Vienna, Austria), in order to obtain the projected submissions 
during the pandemic lockdown based on previous submissions 
from 2016 to 2019. Rejection rates were analyzed using two- 
sample Student’s t- test, with significance set at p<0.05. To shed 
light on how much of a given surge was due to topics related to 
COVID-19, an online search was performed using each journal’s 
respective website with attention paid to topic and the date of 
online publication.

RESULTS
Eight academic clinical journals to which neurosurgeons, stroke 
neurologists, and neurointerventionalists tend to submit material 
were represented. Our study included each of the top six neuro-
surgical, stroke neurology, and neurointerventional journals as 
defined by Google Scholar Metrics which uses h5- index for arti-
cles published in the last five complete years. All of the journals 
exhibited a marked increase in the number of original submis-
sions for the year of 2020, particularly during the pandemic 
lockdown period from March to May (figure 1). The average 
yearly percent increase using the 2016–2019 data for each 
journal was calculated and compared with the percent increase 
for 2020 (table 1; figure 2).

Percentages denote the observed percent increase from 2019 
to 2020, the average 2016–2019 yearly percent increase, and 
the proportion of COVID-19 related articles to the total count 
of published articles from January 1 to June 30, 2020 for each 
journal. Ratio denotes the 2020 increase over the average yearly 
2016–2019 increase.

Submission rejection rate
Additionally, the total number of rejections for the same time 
period were provided by five journals. For the Journal of 
NeuroInterventional Surgery, the rejection rate for 2020 was 
61.5%, similar to the 58.5% rejection rate for 2019 submis-
sions (figure 3). For the American Journal of Neuroradiology, 
the rejection rate in original submissions for 2020 was 59.5%, 
lower than the average yearly rejection rate of 67.9%. For the 
Journal of Neurosurgery, the 2020 rejection rate was 73.5%, 
higher than the yearly rejection rate of 62.5%. For JNS: Spine 
and JNS: Pediatrics, the 2020 rejection rates were 69.0% and 
54.0%, respectively, while their historical average rejection 
rates were 66.1% and 43.2%, respectively. The combined 
average rejection rate for 2020 was 63.5%, just 2.1% higher 
than the 2019 combined average rejection rate of 61.4%. These 
journals did not exhibit a statistically significant change in their 
rejection rates for 2020 compared with their previous years of 
2016–2019 (p=0.387).

All journals aggregated
Looking at the aggregated data from all eight journals as a 
whole, the combined average increase of 42.3% in their orig-
inal submissions for 2020 was markedly higher than the average 
increase of 11.2% exhibited in their previous years. While the 
projections from the 2016–2019 data for 2020 submissions were 
modeled graphically, the stark difference between the forecast 
and actual value from the graph shows that the submissions for 

Figure 1 Trends in the number of original submissions by month and 
year from January to June of 2016–2020. Combined submissions data 
from seven neurosurgery, stroke neurology, and neurointerventional 
journals displayed as a graph for the first half of the year for the past 
5 years. Limited data were provided for stroke.

Table 1 Data for percent 2020 increase, average yearly 2016–2019 
increase, proportion of observed over expected, and percent of 
COVID-19 related articles by journal

Journals

Observed 
2020 
increase

Average 
yearly 
increase of 
2016–2019

Observed/ 
Expected

COVID-19 
related 
articles

Neurosurgery 27.3% 11.3% 2.42 15.1%

Journal of Neurosurgery 36.4% 3.60% 10.1 8.37%

American Journal of 
Neuroradiology

41.2% 4.38% 9.41 8.58%

Journal of 
NeuroInterventional Surgery

31.6% 18.2% 1.74 9.30%

JNS: Spine 62.0% 3.02% 20.5 2.26%

JNS: Pediatrics 55.0% 3.31% 16.6 2.91%

Stroke 27.0% 4.59% 5.88 2.62%

World Neurosurgery 57.6% 41.4% 1.39 5.82%

Total (mean) 42.3% 11.2% 8.51 6.87%
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2020 did indeed increase at a greater rate than the predicted 
values (figure 2). These findings are statistically significant, 
manifested by the high reproducibility of this trend in all eight 
of our journals. Finally, for the same journals in the same time 
period, a search was performed to analyze the number of 
COVID-19 related publications compared with the total number 
of publications. The analysis showed that the average percent of 
COVID-19 related publications from January to June of 2020 
was 6.87% (table 1). Individual trends for each journal are 
shown in the (online supplemental data).

DISCUSSION
This study sought to quantitatively analyze whether the reduced 
time spent in surgical practice translated into an increase in 

scientific and clinical academic productivity, specifically by 
looking at neurosurgery, stroke neurology, and neurointerven-
tional surgery academic output during the period of lockdown.

The data clearly demonstrate that there was a momentous 
increase in the number of original submissions for the year 2020, 
which was largely beyond the predicted value for the year using 
a linear regression model. The effects were experienced across 
all of our represented journals. World Neurosurgery, Journal of 
Neurosurgery: Spine, and Journal of Neurosurgery: Pediatrics, 
in particular, have faced dramatic increases in total submissions 
of over 50% compared with the previous year which cannot be 
accounted for by the historical yearly average percent increases. 
Neurosurgery, Journal of Neurosurgery, Stroke, American Journal 
of Neuroradiology, and Journal of NeuroInterventional Surgery 
have all shown increases for 2020 of over 25%, with their total 
submission counts similarly well above their respective predicted 
values.

While the restrictions of the pandemic created increased time 
for clinical research, it has also created substantial challenges to 
ongoing research efforts. A survey study of neurointerventional 
research centers revealed widespread disruptions in aneurysm 
and stroke clinical trials due to missed enrollments and protocol 
deviations from missed clinical or imaging follow- up.15 Similar 
reductions in oncologic clinical trial enrollment have been 
reported.16

Given the dramatic increase in submissions for 2020 in the 
setting of widespread disruptions in ongoing prospective studies, 
one could argue that the quality of submissions may have 
decreased during the pandemic lockdown period. We sought to 
investigate this relationship by using rejection rate as a surrogate 
from the five journals that were able to provide these data. The 
rejection rates for the journals that could supply this informa-
tion did not appear to differ significantly from the rates from 
previous years (p=0.387), suggesting that the quality of the 
submissions may have been maintained during the pandemic 
lockdown despite a large surge in the number of submissions. 
It is noted that the rate of rejections may be driven in certain 
journals by the number of issues printed per year as well as the 
allocated number of pages dictated by the publisher.

When the published articles from the same journals within the 
same time frame were categorized into COVID-19 pandemic 
related and non- related, just under 7% of all new article submis-
sions during the pandemic time period were COVID-19 related. 
There are two ways in which the sharp increases in original 
submissions can be interpreted: that this is a natural consequence 
of an increased amount of untapped topics that have now been 
made available to explore in the wake of COVID-19,17 or that 
this is a consequence of the unprecedentedly increased time 
neurosurgeons, stroke neurologists, neurointerventionalists, and 
trainees have had due to the reductions in the clinical and surgical 
workload. Both may, in part, help to explain the 2020 surge, yet 
the relatively small percentage of COVID-19 related articles in 
comparison with the total number of articles published seems 
to lend more credence to the latter interpretation that academic 
physicians across the globe have used this unstructured time to 
advance scientific knowledge.

Although similar quantitative studies of COVID-19 and its 
effect on neurosurgical academic output have not been published, 
it is possible to compare the findings of this study with those 
of recent studies that used self- reported surveys. Pelargos et al 
described findings from a survey distributed to neurosurgery resi-
dents across the United States and Canada assessing changes to 
clinical and educational workload. More than 91% of residents 
reported that their clinical responsibilities have been reduced, 

Figure 2 Actual and projected number of original submissions for first 
half of 2020 based on previous submissions data from 2016 to 2019. 
The total count of original submissions was predicted based on a linear 
regression model using the submission counts from the previous years 
since 2016.

Figure 3 Rejection rate of original submissions by month and year 
from January to June of 2016–2020. Journals represented are Journal 
of NeuroInterventional Surgery, American Journal of Neuroradiology, 
Journal of Neurosurgery, Journal of Neurosurgery: Spine, and Journal of 
Neurosurgery: Pediatrics.
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and 65.2% stated that they have been spending increased time 
on clinical research.6 Zoia et al similarly conducted a survey of 
neurosurgery residents in Italy, and observed that participants 
homogeneously reported an increase in educational and scien-
tific endeavors, with 55.7% reporting an increase in the produc-
tion of scientific papers and research projects.18 Both findings 
are similar to our results, and serve to show the consequences of 
such increased attention directed towards academic engagement.

This study has important limitations. First, owing to the obser-
vational nature of our study, one cannot draw conclusions about 
the variables being studied and can only gather correlational 
relationships. The influence of confounders that could have 
affected the observed increase in journal submissions, separate 
from, or in coordination, with the pandemic, cannot fully be 
evaluated by the present study out of respect for the privacy of 
investigators. Second, there is a lag time between submission and 
publication, and we cannot account for COVID- related studies 
that are still in progress, leading to potential underestimation of 
the contribution of COVID- related articles to the increase. This 
was, however, offset by the fact that many COVID- related arti-
cles were fast tracked to publication during that period. Third, 
the study mainly contained neurosurgical journals, and looked 
only at clinical journals and not neuroscience journals. Clin-
ical research was thought to be a better surrogate of academic 
productivity as the vast majority of laboratories were closed 
during the lockdown period. Lastly, there is no straightforward 
or uniform way in which to report on other potential submission 
quality metrics across the spectrum of included journals, such as 
study design or level of evidence, that would allow for standard-
ization of article quality among the eight diverse journals.

CONCLUSION
There was an unprecedented increase in article submissions to 
eight major neurosurgical, stroke neurology, and neurointer-
ventional peer- reviewed journals during the pandemic, with a 
combined average increase of 42% for 2020 compared with the 
average expected increase of 11% found during 2016–2019. 
COVID-19 related articles comprised just under 7% of the 
total submissions from January to June of 2020. These find-
ings suggest that reductions in clinical and surgical workload 
during the pandemic may have translated to increased academic 
productivity among neurosurgical, stroke, and neurointerven-
tional physicians.
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