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Abstract
Background The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has an impact also on neurosurgical
training and education, especially in most affected countries.We surveyed Italian neurosurgical residents, asking them to provide
a brief description and analyze the situation they are experiencing and how the educational system reacted to the pandemic in one
of the most affected countries all over the world.
Methods An 18-question, web-based surveywas administered to Italian neurosurgical residents fromMay 3 toMay 11, 2020, by
web-link or e-mail invitation. Closed-ended, multiple choice questions were focused on the experience of neurosurgical residents
in the last 2 months (from March to May 2020) concerning both clinical and educational aspects.
Results Among 331 Italian neurosurgical residents invited to participate, 192 responded to the survey (58%). According to the
participants’ responses, in the whole country, only 29.7% of residents were directly involved in the clinical management of
COVID-19 patients. Time spent in the clinic and surgical activity was significantly reduced in most of the cases. Educational
activities as well as scientific activity and time spent for studying, on the other hand, were reported to be significantly increased
by the majority of respondents.
Conclusions Most Italian neurosurgical residents reported significant changes on both training and education, highlighting a
prompt reaction of the educational system in the whole country, regardless the local and regional diffusion of the pandemic.
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Introduction

The COVID-19 pandemic is not over yet and its consequences
will be seen for a long time across the world. Apart from new
scenarios that we will face in the next weeks, the pandemic
has already deeply impacted the life of billion peoples around
the world, leaving dramatic changes and sequelae in almost all
the aspects of the social life. The medical community has been
probably one of the most impacted sectors, especially because
the tremendous efforts physicians and caregivers were re-
quired to afford to contain the spreading of the pandemic.
Among this, also the Neurosurgical Community has been in-
volved into the management of the pandemic, being asked to
continue ensuring appropriate neurosurgical care also to
COVID-19 patients. On the other hand, practice has consis-
tently changed during the SARS-CoV-2 pandemic and neuro-
surgery also had to adapt, coming in the help of the national
health systems, especially in the most affected countries like
Italy, to manage COVID-19 patients outside the neurosurgical
clinics [3, 6, 7, 9, 14, 19]. Obviously, in such a dramatic
scenario, also neurosurgical education and training have been
influenced by the pandemic. Some papers have been already
published on this topic [1, 2, 4, 10, 12, 18] but they reported
just the authors’ point of view and do not investigate the opin-
ion of those directly involved. Conversely, reporting the point
of view of residents who experienced the real and concrete
changes of the neurosurgical education and training due to the
pandemic in most affected countries could be extremely use-
ful. That could serve as a useful feedback to educational pro-
viders, eventually suggesting adjustments of the current edu-
cational model during the pandemic.We, therefore, conducted
an online survey that was submitted to neurosurgical residents
in Italy, one of the most affected countries all over the world.

Materials and methods

An 18-question web-based anonymous survey was adminis-
tered to Italian neurosurgical residents fromMay 3 toMay 11,
2020, via the Google Forms platform.

The list of all neurosurgical residents in Italy was ob-
tained from the universities’ websites and all were invited
to fill in the questionnaire. Residents were invited by
sending them the survey web-link through e-mail and/or
social networks. The questions were focused on the expe-
rience of neurosurgical residents in the last 2 months
(from March to May 2020) and analyzed different clinical
and educational aspects, including time spent in clinic in
routine neurosurgical practice, time spent outside the neu-
rosurgical clinic for the management of COVID-19 pa-
tients, availability of personal protective equipment
(PPE), COVID-19 screening, and finally educational and
scientific activities. All question were closed-ended,

multiple choice (Supplementary Material). The primary
goal was to collect data on neurosurgical residents’ per-
ceptions of the health emergency, the measures undertak-
en for them, and the changes in neurosurgical practice,
training, and education. Data were elaborated using
Google Forms software online and responses were ana-
lyzed considering the overall survey participants in a first
step; thereafter, a further subgroup analysis has been per-
formed distinguishing between junior (PGY-1 and 2) vs.
senior (PGY-3, 4, and 5) residents.

Results

On May 11, 2020, the survey was closed after 192 responses
out of the 331 Italian neurosurgical residents were received.
Collectively, the 58% of the Italian neurosurgical residents
participated to the survey. Residents from all the 5 post-
graduate years (PGY) were homogenously represented: 41
PGY-1 (21.4%), 43 PGY-2 (22.4%), 31 PGY-3(16.1%), 40
PGY-4 (20.8%), 37 PGY-5 (19.3%) (Fig. 1).

The first observed result was that no Residency Programs
has been stopped in Italy, unlike the medical student’s intern-
ship, which has been stopped to preserve student health and to
limit the number of people present in the neurosurgical
departments.

Resident’s time spent in neurosurgical departments was
reduced in 139 cases (72.4%), unchanged in 40 cases
(20.8%), and increased only in 13 cases (6.8%). This “work-
time” reduction was imposed by the educational providers in
63.5% of cases, to avoid unnecessary exposure of residents to
COVID-19 patients (Fig. 2). The majority of responders (135,
70.4%) were not directly involved in the treatment of
“COVID-19” patients (inside or outside neurosurgical depart-
ment); the other 57 managed “COVID-19” patients under su-
pervision (42, 21.9%) or alone (15, 7.8%). The majority of
responders (72.9%) answered that they did not receive any
theoretical preparation on the use of PPE, and the 55.2% said
that the given PPEswere not adequate to their duties, at least at
the beginning of the pandemic. Residents involved in the di-
rect management of “COVID-19” patients, both inside and
outside the neurosurgical departments, reported to have re-
ceived good support from supervisors most of the time
(65.9%). The overall reported screening rate for SARS-
CoV-2 between residents was 35.9%; Sixteen (8.3%) were
tested in March and 53 (27.6%) in April/May, while 123
(64.1%) did not perform any screening test. Thanks probably
also to the reduction of the working time, 83.9% of residents
did not refer any symptoms of the COVID-19 infection.
Almost all of the interviewed reduced their surgical activity
(78.6% perform less operation and 16.1% did not perform any
operation at all); only 3 participants reported their surgical
activity was increased, while 7 reported an unchanged surgical
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activity (Fig. 3). In cases of neurosurgical procedures per-
formed on “COVID-19” patients, participants responded their
engagement was unchanged compared to usual in 59.1% of
cases, reduced in 39.1%, and augmented in 1.8%. According
to the responders’ opinion, the contribution of residents (not
only neurosurgical ones) in emergency management was fun-
damental (42.7%) or useful (40.6%) in supporting healthcare
providers. Finally, participants homogenously reported an in-
crease of the educational and scientific activities, as well as of
time spent for studying. The production of scientific papers or
research projects was increased in 55.7% of cases and also the
theoretic educational activity had an increase for 64.6% of
responders (Fig. 4). That was mainly due to the spread and
increased availability and visibility of neurosurgical seminars
and webinars performed though different web-based commer-
cial platforms, and strongly promoted by the educational

providers. Online educational activity was carried out mainly
on a national basis (86.5%), through a wide network of several
Residency Programs, and not only on a local basis. Finally,
the majority of responders (71.9%) affirmed their time spent
for studying was increased in the last 2 months, probably
because of the reduced working time at neurosurgical depart-
ments. The subgroup analysis of responses according to the
PGY showed that no major differences were reported by se-
nior vs. junior residents in almost all the survey questions.
Interestingly, an evident difference was noticed for questions
regarding surgical and scientific activity. In particular, among
78.6% (151 out of 192 responders) of participants who report-
ed a reduced surgical activity, senior resident represented the
80.1% (121 out of 151). Similarly, senior residents reported a
more evident increase of their scientific activity as well as of
time spent for studying compared with the junior ones. In
particular, senior residents accounted for the 73% (78 out of
107) and the 69% (95 out of 138) of participants who reported
respectively an increase of scientific activity and time spent
for studying during the last 2 months.

Discussion

Also, many areas of the modern society, including neurosur-
gical care, have been dramatically impacted and changed by
the COVID-19 pandemic; also, the fundamental sector of neu-
rosurgical training and education suffered from deep changes
and limitations. Despite experts’ and educational providers’
point of view on the topic being already reported [10–12],
the most appropriate way to assess how neurosurgical educa-
tion and training has changed in the last 2 months still remains
to hear from opinions of directly involved people, neurosur-
gical residents.

In Italy, that has been for long time the most affected coun-
try in the world (before being sadly overpassed by Spain and,Fig. 2 Reduction in working time

Fig. 1 Post-graduate year
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lastly, the USA), neurosurgical residents felt on their own the
impact of the COVID-19 pandemic.

First of all, our survey demonstrated that neurosurgical
educational providers promptly reacted to the pandemic: the
first result was that no Residency Programs were stopped but
there was a tendency to reduce the working time of neurosur-
gical residents to avoid unnecessary exposure to the COVID-
19. In any case, when needed, some residents were asked to
help the National Health System in the management of
COVID-19 patients , even outs ide Neurosurgical
Departments. Residents answered responsibly to their duty
and supported healthcare providers in the management of
COVID-19 patients, waiving to their neurosurgical practice,
education, and training (at least during their clinical working
time).

Since the spread of the virus was very different along the
Italian peninsula, elective neurosurgical activity decreased in
all Italian regions and collectively, we recorded a reduction of

the residents’ working time at neurosurgical departments in
the majority of responses (63.5%). That, of course, mainly
impacted surgical practice, especially because at the same
time also the activity in the Operating Room (OR) was limited
to emergent and oncologic cases in many hospitals of the
country.

Sadly, the sudden onset of the COVID-19 outbreak in Italy
combined with the complex and chaotic international trading
of PPE reduced the availability of PPE for all healthcare pro-
viders including neurosurgical residents, especially during the
first weeks from the beginning of the emergency; that is
witnessed by the response to the survey in which 55.2% of
responders said that available PPEs were not adequate to their
duties.

The reduced time spent at neurosurgical departments and
for surgical practice was translated in an increase of educa-
tional and scientific activities, as well as of time spent for
individual study. Educational providers revealed to pay a great

Fig. 4 Increase in theoretical
activity

Fig. 3 Reduction in surgical
activity
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attention to this topic and tried to promptly compensate the
reduced practice in the OR with an increase of the offer for
online activities like seminars, webinars, and frontal lessons.
That resulted in a homogenous positive feedback from survey
participants, who reported an increase of the web-based edu-
cational activity (64.6%), even through the participation to a
nation-wide network of neurosurgical residency programs
providing frontal lessons, expert opinions, and discussions
on neurosurgical hot topics (reported by the 86.5% of survey
participants). Similarly, the increased time availability outside
neurosurgical departments resulted in an increased scientific
activity of residents (55.7% of responders), as well as a longer
time spent to individual study as compared the pre-COVID-19
era (71.9% of participants).

Interestingly, we observed a different responses’ trend
among senior vs. junior residents regarding changes in surgi-
cal, scientific, and study activities. Senior residents were more
affected by the global reduction of neurosurgical activity as
compared with PGY-1 and 2 residents, probably because they
are usually more involved in direct surgical training than their
younger colleagues. Conversely, their reduced time spent in
the OR was compensated with an increase of time spent for
study and especially for writing research projects, scientific
drafts, and papers. As they should have already maturated
good scientific attitudes and skills in comparison with junior
residents, they have been able to exploit the reduced time
spent in surgical training for a deeper commitment to scientific
and study activities.

Despite these few differences between senior and junior
residents, all participant’s responses collectively highlight
the fact that, apart the dramatic impact of the pandemic
resulting, in some cases, in their direct involvement in the
clinical management of COVID-19 patients outside neurosur-
gical departments and the reduction of their neurosurgical
practice, the pandemic caused also the enhancement of the
web-based neurosurgical education. Online neurosurgical ed-
ucation on national and/or international basis has been already
strongly advocated prior to the COVID-19 outbreak as a for-
midable tool to increase neurosurgical knowledge and im-
prove patient care, as well as to reduce the worldwide gap in
neurosurgical education [5]. Nevertheless, many national neu-
rosurgical societies all over the world do not possess an ade-
quate web-visibility to promote online neurosurgical educa-
tion [8, 17]. In Italy, neurosurgical educational providers were
incredibly able to re-organize their teaching model in few
weeks, creating new opportunities for online neurosurgical
education on a local basis but also at a nation-wide level,
thanks also to the contribution and support of the Italian
Society of Neurosurgery (SINch) that already had a good
web-visibility prior to the COVID-19 outbreak. We are sure
that such a new online nation-wide network for neurosurgical
education will continue to offer new learning opportunities
even after the end of the COVID-19 crisis, thus further

enriching the educational opportunities for Italian neurosurgi-
cal residents.

While there may not yet be other similar studies of neuro-
surgery resident experience during COVID-19 with which to
compare the results of this study, it is possible to compare
findings from our study with those from other studies regard-
ing different Residency Programs. Marasco et al. described
findings from a survey distributed among young Italian gas-
troenterologists: they reported a reduced activity of gastroen-
terology units that was restricted to emergency visits and en-
doscopy, with reductions of activities of up to 90%.Moreover,
84.5% of participants felt that the COVID-19 outbreak im-
pacted on their training, due to unavailability of mentors
(52.6%) and interruption of trainee’s involvement (66.4%)
[13]. These findings are similar to our results, especially for
the global reduction of the clinical/surgical activity.
Nevertheless, it is worth to notice that the survey by
Marasco et al. did not mentioned about the implementation
of novel web-based models for assuring residents’ and young
physicians’ education. Conversely, the organization of new
web-based educational networks represents the most impor-
tant novelty for neurosurgical training introduced after the
COVID-19 outbreak.

Another useful comparison can be done with the organiza-
tional model of the orthopedic residency program reported by
Schwartz et al., who proposed to divide residents into two
teams, the “active-duty inpatient” and “remotely-working,”
which remained completely isolated from each other to de-
crease their exposure to the virus [15, 16]. This method seems
to be really effective to maintain residents’ surgical practice
and training, as well as to guarantee appropriate surgical care
to patients. Nevertheless, in countries where such a model
cannot be easily and quickly implemented, the Italian neuro-
surgical model based on the global reduction of the residency
surgical training and its compensation with improved scientif-
ic and online educational activities seems a good compromise
to protect residents from contagion while ensuring their theo-
retical education.

Our study has some limits. First, it is not an epidemiologic
study and does not allow drawing conclusions about the actual
prevalence and incidence of the variables investigated. It does
allow, though, drawing conclusions regarding the perception
of Italian neurosurgical residents about the COVID-19 health
emergency. Moreover, another limitation is that the survey is
not validated. The typical process for development of a psy-
chometric instrument involves searching the literature to see
what is currently available and in use, focus groups and inter-
views to decide on topics, the development of individual ques-
tions, and then testing and validation of the instrument prior to
distribution. This helps maximize the validity and reliability of
the instrument. In the case of the present study, such a process
cannot be performed because of the necessity to develop the
survey and distribute it as quickly as possible, given the
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overall pandemic situation. Notwithstanding, this is the first
survey conducted on the impact of COVID-19 on the neuro-
surgical residents about their training and education, and we
believe that the data from this study can help to understand the
impact of this pandemic in these specific fields.

Conclusions

The spread of COVID-19 has put new obstacles to neurosur-
gical training, especially in most affected countries. Italian
educational models and teaching methods have been forced
to change in few weeks, demonstrating a really effective re-
sponse to the pandemic outbreak through the use of modern
web-based tools. Despite Italian neurosurgical residents fac-
ing a transient reduction of their surgical training, they had the
possibility to compensate this lack with increased opportuni-
ties for theoretical education, thanks also to the creation of
educational networks at a local and nation-wide level. “Not
all evil comes to harm”: the enhancement of online education
is for sure a good opportunity that this pandemic will leave to
Italian neurosurgical residents.
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