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Abstract
Objective
To assess the effect of the coronavirus disease 2019 (COVID-19) outbreak on neurology
resident training in Italy.

Method
We created a web-based survey regarding changes in clinical, research, and educational activity
of neurology trainees in Italy during the COVID-19 pandemic and the preventive measures
undertaken by local institutions to reduce the risk of contagion.

Results
Seventy-nine residents working in Italy completed the survey. A total of 87.3% of trainees
reported a substantial reduction in their neurologic duties since COVID-19 appeared in Italy,
and 17.8% were also recruited or volunteered for COVID-19–dedicated wards. Likewise, more
than 60% of trainees experienced a reduction or interruption in research activity. As regards the
perceived effect of the COVID-19 outbreak on their neurologic training, almost 70% of sur-
veyed trainees believe that the COVID-19 pandemic had or will have a negative effect on their
formation as neurologists, for different reasons. Furthermore, trainees reported a consistent
exposure (69.6%) to confirmed positive COVID-19 cases at work, with divergent surveillance
and preventive measures taken by local institutions.

Conclusions
Overall, the survey shows that the COVID-19 pandemic in Italy has had a subjective negative
effect on neurology residents on didactics, clinical, and research training as well as training abroad.
The COVID-19 outbreak poses many challenges to academic institutions and training programs,
and addressing these issues promptly is crucial to ensure continued quality of trainees’ neurologic
education. Sharing solutions and ideas among the international neurologic communitymight help
neurology training programs worldwide to better counteract these problems.
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Since its appearance at the end of 2019, the novel coronavirus
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) has spread rapidly throughout the world, forcing national
health systems and global health institutions to respond quickly
to this challenge in order to control the dramatic rise in infected
people needing hospitalization and respiratory support. Italy
was the first European country to be hit by sustained local
transmission of SARS-CoV-2, and to date it has the third
highest number of confirmed cases worldwide (over 183,000
confirmed cases as of this writing).1 In this setting, the majority
of hospitals had to shift resources from nonurgent to urgent
care, restructuring parts of their facilities to host intensive and
sub–intensive care beds, converting specialized units into
coronavirus disease 2019 (COVID-19)–dedicated wards. In
light of these changes, highly specialized physicians, such as
neurologists, facedmajor changes in their activity, ranging from
the reduction in outpatient services to deployment in internal
medicine or COVID-19 wards.2–6 In this emergency context,
neurology residents are no exception.

Many neurology training programs are faced with pandemic-
related challenges, such as the quick adoption of virtual learning
strategies, the need for ensuring residents’ safety, and the shift
to telemedicine. Adaptive solutions have been implemented in
many neurology residency programs, but this pandemic will
likely have a long-lasting effect on the education of neurology
trainees. The potential effects on neurologic education, daily
clinical practice, and research training are unclear. In addition,
neurology residents might have been reassigned to COVID-19
wards, but their involvement may vary among different coun-
tries. We created this survey to address these unanswered
questions, to assess the needs and feelings of our fellow resi-
dents in this moment, and to identify critical issues connected
with the COVID-19 effect on neurologic training in Italy.

Methods
An online-based survey was distributed among a sample of 110
trainees enrolled in an adult neurology residency program in
Italy between April 13 and April 17, 2020. The survey was
created with Google Forms and sent to neurology residents via
e-mail by contacting local trainees’ representatives (role similar
to chief resident) and using residency programs’ mailing lists,
via a group for neurology residents on a social media. A limit of
one response per participant was ensured. The anonymity of
results was guaranteed to protect participants. No compensa-
tion was offered. A total of 79 complete questionnaires (where
all requested answers were provided) from 13 Italian regions
were included in the analysis. The study was reviewed and
approved by the institutional review board.

Survey
The survey was divided into 6 sections:

1. Demographic questions: this section included informa-
tion about participants’ age and location (region and city)
of the Residency Program.

2. Clinical training questions: this section assessed clinical
duties of trainees before and after the pandemic.

3. Research training questions: this section askedwhether and
how the pandemic affected the research work of trainees.

4. Training abroad questions: this section assessed whether
the trainee was working/studying abroad before the
pandemic and pandemic’s effects on hosting structure
activities and permanence abroad.

5. Didactics questions: this section investigated the effects
of the pandemic on education curricula (e.g., morning
reports, noon conferences, clinical grand rounds) and the
residents’ perception of the impact of the pandemic on
clinical and neurologic knowledge.

6. Contagion prevention and surveillance questions: this
section asked about contact with patients with confirmed
COVID-19, preventive measures taken by employing
institution, adequate supply of personal protective equip-
ment (PPE), and special training received by residents in
COVID-19 wards.

The survey is available in the supplementary material from
Zenodo (doi.org/10.5281/zenodo.3958033).

Results
Demographics
Seventy-nine neurology residents out of 120 completed the
survey, with a 65.8% response rate. The mean age ±SD of
respondents was 27.8 ± 1.2 years. Median age was 28 years
(range 26–31, interquartile range 2). Responders are dis-
tributed in 13 out of 20 Italian regions (figure e1, appendix,
doi.org/10.5281/zenodo.3958033). Among them, 50.6%
work in Lombardy, the worst-hit region, with more than
65,000 confirmed cases so far (see supplementary material,
available from Zenodo, for additional demographic results,
doi.org/10.5281/zenodo.3958033).

Effect of COVID-19 on clinical practice
When COVID-19 first appeared in Italy, 62% of the surveyed
population was working in an inpatient clinic, 30.4% in day
hospital, outpatient clinic, or neurophysiology or neuro-
sonology services, 3.8% in full-time research activity, and 3.8%
were doing clinical or research training abroad (figure 1; in-
teractive figure 1 [links.lww.com/WNL/B237]). The effects
of the pandemic on clinical activity were different (figure 1;
interactive figure 1 [links.lww.com/WNL/B237]), but 87.3%
of trainees reported a substantial reduction in their neurologic
duties. A total of 17.8% were also recruited or volunteered for
non-neurologic or COVID-19 wards. Four trainees tempo-
rarily interrupted their neurologic training and were hired as
nonspecialist physicians in COVID-19 units.

Effect of COVID-19 on research activities and
training abroad
The majority of trainees doing research reported that research
activity was partially (39.4%; n = 26) or totally (36.4%; n =
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24) interrupted (figure 2A). Reasons for the reduction or
suspension of research activity were the partial or total closure
of research laboratories, relocation of support/research per-
sonnel to other services, unavailability of neurophysiologic or
imaging instrumentations, temporary suspension of clinical
trials, impossibility to enroll new patients, and lack of time.

A smaller fraction of trainees reported that research activity has
not changed or that it increased (24.5%; n = 16) (figure 2A).

Three trainees (3.8% of the total) reported being abroad for
clinical or research training at the time of the COVID-19 out-
break. One trainee remained at the hosting Institution, although
activity was partially suspended; 1 trainee kept working on pre-
viously started projects remotely; 1 trainee chose to return to Italy.

Effect of COVID-19 on neurologic education
Regarding educational curricula, 51.9% of responders (n = 41)
from 10 different regions—29.1% (n = 23) from
Lombardy—stated that these activities had been suspended
due to the pandemic. Conversely, 30.4% (n = 24) reported that
educational activities were carried out on virtual platforms
(figure 2B). When asked about their perception of the effect of

the COVID-19 outbreak on their general formation as clini-
cians, 48.1% of responders (n = 38) declared that it had or will
have a negative effect, while 34.2% (n = 27) believed it had or
will have a positive effect (figure 2C). Reasons for a positive
answer were that COVID-19 stimulated personal study and
helped them foster their knowledge and ability to care for
patients with respiratory symptoms and other internal prob-
lems. Those who reported a negative effect said that the pan-
demic impaired their professional development as clinicians
and neurologists, although some participants recognized an
improvement in their knowledge regarding acute respiratory
syndromes. A total of 69.6% of surveyed trainees (n = 55)
believed that the COVID-19 pandemic had or will have a
negative effect on their formation as neurologists (figure 2D).
Reasons for this answer were different and included the forced
closure of outpatient services such as neurophysiology and
neurosonology and the interruption of rotations and research
activity. In contrast, 11.4% (n = 9) believed the pandemic had a
positive effect on their neurologic education, because of the
possibility to gain knowledge regarding COVID-19 neurologic
manifestations, to expand and deepen their neurologic back-
ground due to an increase in study time, and, in 1 case, to care
for an increased number of patients with stroke.

Figure 1 Effect of coronavirus disease 2019 (COVID-19) on neurology residents’ clinical practice

Sankey diagramdisplays the change in residents’ daily duties as a flux. The left side shows the activity each responding residentwas performingwhen the first
case of COVID-19 local transmission was reported in Italy (February 21, 2020); the right side shows the change in daily activity for every specific respondent.
The lines connect specific respondents. The most frequent changes in trainees’ activity include reduced working time in neurology services (57%) and
assignment to COVID-19 (12.7%). An interactive version of this figure is available online (links.lww.com/WNL/B237). SARS-CoV-2 = severe acute respiratory
syndrome coronavirus 2.
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Contagion prevention, training,
and surveillance
Among surveyed residents, 69.6% (n = 55) reported contact
with confirmed COVID-19 cases (patients or colleagues). As a
preventative measure, 10.6% were asked to start precautionary
home isolation regardless of the presence of symptoms, 42.9%
underwent nasopharyngeal swab to define the need for iso-
lation, 3.6% underwent serologic analyses for the presence of
SARS-CoV-2 IgG/IgM, and 30.4% were advised to self-isolate
only in case of appearance of COVID-19–related symptoms
(figure e2, available at doi.org/10.5281/zenodo.3958033). In
28.6% of cases, the hospital/hosting structure did not take any
precautionary measures. A total of 92.4% reported that, in their
hospitals, at-risk residents underwent surveillance nasopharyn-
geal swabs at regular intervals.

As regards the availability of PPE, an adequate supply of PPE
was reported by 41.8% (n = 33). A total of 39.2% (n = 31) said
PPE was available for them only on some occasions, and 5.1%
(n = 4) claimed that their structure did not provide them with
adequate PPE. Among those working in a COVID-19 ward
(40 trainees), 14 underwent training on patient management

or the use of ventilation devices (virtually or in the hospital),
while 26 did not undergo any training and, in half of the cases,
studied the topic on their own (figure e3, available at doi.org/
10.5281/zenodo.3958033).

Discussion
We found that the COVID-19 pandemic in Italy had an
overall subjective negative effect on neurology residents on
didactics, clinical, and research training as well as training
abroad. In addition, we highlighted consistent exposure for
trainees to confirmed positive COVID-19 cases at work, with
divergent surveillance and preventive measures taken by local
institutions.

We aimed to depict a larger picture of the pandemic’s effect on
Italian neurology trainees, although we are aware of the pro-
found regional differences that may be present in different
training programs and the variable burden of COVID-19
among regions. Other limitations include the fact that most of
the respondents work in Lombardy, one of the worst-hit areas

Figure 2 Effect of the coronavirus disease 2019 (COVID-19) pandemic on research work and neurologic education of
neurology trainees in Italy

(A, B) Bar graphs show how research activity and didactics changed during the pandemic. (A) Research activity decreased (39.4%) or stopped (36.4%) formost
respondents. (B) Changes in didactics included suspension of activities (51.9%) or use of virtual platforms (30.4%). (C, D) Pie charts present the perceived effect
of the pandemic on general clinical and neurologic education. A negative effect is reported on both (C) general clinical education (48.1%) and (D) neurology
training (69.6%). SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

1064 Neurology | Volume 95, Number 23 | December 8, 2020 Neurology.org/N

Copyright © 2020 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://doi.org/10.5281/zenodo.3958033
https://doi.org/10.5281/zenodo.3958033
https://doi.org/10.5281/zenodo.3958033
http://neurology.org/n


worldwide, and that residents here may have had the highest
degree of reorganization of health care workers and facilities.
In addition, our survey reached only a fraction of neurology
residents (a sample of 120 trainees), with a satisfying response
rate among them (65.8%). Surveys are a simple and quick
method to gather different opinions without the need for in-
person meetings, and they have already been used to assess
the satisfaction and needs of neurology trainees in the past.
They also carry the potential to reach a large population and
collect large amounts of information.7 The downside is the
risk for a low response rate, which might affect the validity of
the study. In this regard, previous studies have outlined
strategies for increasing response rate, which, in case of
electronic surveys, include nonmonetary incentives, person-
alized and short questionnaires, offer of results, and a careful
choice of words in the accompanying letter.8 In our case, we
could not offer incentives as we did not receive funding for
this study, but we tried to keep the questionnaire short and we
offered to share results through peer-reviewed publication.

The COVID-19 outbreak poses many challenges to our aca-
demic institutions and training programs worldwide. Addressing
these issues with an adaptive and creative spirit is crucial to
ensure the quality of trainees’ education while caring for patients.

A critical issue appears to be the reduction in clinical neurologic
activity and the interruption of specialized training (e.g., neu-
rophysiology, neurosonology). It is unlikely that it will be pos-
sible to counteract this problem in the immediate future, but
training programs should direct their efforts towards the optimal
reorganization of the neurologic activity of trainees as soon as
the emergency subsides. Temporarily deploying trainees in hub
hospitals with greater numbers of neurologic inpatients could
also be a potential solution, where practicable. Increased
adoption of telemedicine for outpatient visits could also allow
this clinical activity, without concerns related to PPE availability.
Telemedicine has been already exploited in other neurology
training programs in response to the pandemic,3–5 giving
trainees the possibility to actively care for neurologic patients
without safety hazards. Telemedicine is a well-studied option
and it is likely to grow in the future.9 It carries the advantages of
improving access and reducing travel expenses, thus enabling
distant or low-income patients to access neurologic care.9

However, it may not be a viable option for those who do not
have access to a computer or smartphone or a reliable Internet
connection. In addition, it may not be technically feasible in all
hospitals or other health care facilities. Not every neurologic
patient may be reliably evaluated via telemedicine; for instance,
it would be difficult to assess the strength of patients with
neuromuscular disorders. We need to develop and validate
standardized tasks or scales to administer during the visit. Pre-
vious studies showed good interrater reliability among neuro-
logic examination for stroke, dementia, and neuropathy
evaluated remotely, although further research is necessary.10–13

The survey evidenced that many trainees volunteered for
COVID-19 wards, thus showing adaptability. Indeed, many

trainees believe that the pandemic gave them the occasion to
improve their general medical formation. This finding high-
lights the resilience of trainees in pursuing the best medical
formation in extraordinary situations. Given the interest
expressed by the residents regarding COVID-19–related
formation (management of patients with respiratory symp-
toms, use of invasive and noninvasive ventilation devices,
proper use of potential treatments), our proposal for neu-
rology residency coordinators would be to provide educa-
tional material on this matter, especially to trainees who are
directly involved in COVID-19 patient care.

As regards educational activity, virtual and remote learning
offer great potential for both professors and residents.3,14,15

Only a third of surveyed trainees reported receiving virtual
didactics in these weeks. The implementation of virtual
learning, including online lessons, webinars, and creation of
remote or web-based learning modules, is a viable option for
training programs, as already demonstrated in other pro-
grams worldwide.3,4,14 Remote education was widely used
before the COVID-19 pandemic, but the didactic curricula
of many training programs in Italy were still based on in-
person lessons. As outlined in previous studies, virtual
learning represents a valuable option to reduce access
barriers.16,17 In the case of neurology trainees, it may allow
all trainees to participate in educational sessions without
colliding with busy schedules and duty-hour restrictions. To
this aim, asynchronous e-learning may be preferred.16 The
main obstacles to the integration of e-learning into educa-
tional curricula identified in previous studies were lack of
financial resources, inadequate technology, limited band-
width, and lack of skills.16,18,19 Moreover, the absence of
face-to-face teaching may also lead to disengagement and
reduced teaching effectiveness.16 Solutions that have been
proposed include user-friendly packages, increased funding
to e-learning and technological devices, skills training, and
the use of interactive e-learning methods.16,19 In the future, it
would be interesting to better investigate e-learning effec-
tiveness and limitations in neurology training programs with
further studies. Education is an ever-changing matter, and
tools such as virtual education and telemedicine, if properly
developed, might become an integral part of the medical and
neurologic education of the future.

Another imperative point for trainees, and all health care
workers, is the availability of PPE and proper surveillance for
at-risk personnel. Surveillance is a crucial public health issue
because young health care workers represent an important
source of infection. However, despite almost 70% of par-
ticipants declaring that they were exposed to confirmed
cases, responses of residency program coordinators and
hospital boards were heterogeneous, and in 30% of cases no
preventative measure was undertaken. The availability of
PPE remains erratic in some structures. Nationwide PPE
shortage and insufficient capacity to process specimens from
suspected cases may have conditioned such problems. To
minimize exposure and prevent PPE depletion, medical
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personnel directly interacting with patients should be re-
duced to the minimum necessary, as in other programs.3–5 A
wide range of tasks can be performed by trainees in clean
environments, such as paperwork and calls to family
members.4,5 Rules regarding the use of PPE should be
strictly followed, and ensuring safety and protection of
trainees should be a priority.

The COVID-19 pandemic came unexpectedly, forcing the
medical community to adapt to a rapidly changing scenario.
Several neurology training programs already described their
response to this pandemic, which included reducing the
number of residents involved in inpatient and outpatient
services, deploying some residents to intensive care units
and COVID-19 medical wards, transitioning outpatient
visits to a telemedicine model whenever possible, and en-
abling virtual education for trainees.3–6 With our survey, we
highlighted some of the problems that arose in neurology
residency programs in Italy, such as the reduction in clinical
practice, the forced closure of specialist services, and the
incomplete availability of virtual education and PPE. We
propose solutions based on the experiences of other centers
and on previous studies. These observations will remain
relevant after the first phase of the pandemic has subsided as
before the development of an effective vaccine it is likely that
we will witness cyclic resurgence of COVID-19. We hope
that sharing our results might help neurology residency
programs coordinators identify effective responses to such
issues.
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