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Original Article
Impact of COVID-19 on Neurosurgical Training in Southeast Asia

Nunthasiri Wittayanakorn1, Vincent DiongWeng Nga2, Mirna Sobana3, Nor Faizal Ahmad Bahuri4, Ronnie E. Baticulon5
-OBJECTIVE: Neurosurgery departments worldwide have
been forced to restructure their training programs because
of the coronavirus disease 2019 (COVID-19) pandemic. In
this study, we describe the impact of COVID-19 on neuro-
surgical training in Southeast Asia.

-METHODS: We conducted an online survey among
neurosurgery residents in Indonesia, Malaysia, Philippines,
Singapore, and Thailand from May 22 to 31, 2020 using
Google Forms. The 33-item questionnaire collected data on
elective and emergency neurosurgical operations, ongoing
learning activities, and health worker safety.

-RESULTS: A total of 298 of 470 neurosurgery residents
completed the survey, equivalent to a 63% response rate. The
decrease in elective neurosurgical operations in Indonesia
and in the Philippines (median, 100% for both) was signifi-
cantly greater compared with other countries (P < 0.001). For
emergency operations, trainees in Indonesia and Malaysia
had a significantly greater reduction in their caseload (me-
dian, 80% and 70%, respectively) compared with trainees in
Singapore and Thailand (median, 20% and 50%, respectively;
P < 0.001). Neurosurgery residents were most concerned
about the decrease in their hands-on surgical experience,
uncertainty in their career advancement, and occupational
safety in the workplace. Most of the residents (n[ 221, 74%)
believed that the COVID-19 crisis will have a negative impact
on their neurosurgical training overall.

-CONCLUSIONS: An effective national strategy to con-
trol COVID-19 is crucial to sustain neurosurgical training
and to provide essential neurosurgical services. Training
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programs in Southeast Asia should consider developing
online learning modules and setting up simulation labo-
ratories to allow trainees to systematically acquire
knowledge and develop practical skills during these
challenging times.
INTRODUCTION
orldwide, the practice of neurosurgery has not been
immune to the disruption in health care systems
Wcaused by the coronavirus disease 2019 (COVID-19)

pandemic: elective surgeries have been cancelled, outpatient
clinics closed, international meetings postponed, and in many
areas, neurosurgeons called on to augment the workforce of
clinical departments that cared for patients with COVID-19.1-6

Several letters to the editor and research articles have previously
enumerated changes in neurosurgical education in North Amer-
ica, Europe, and Africa.7-16 These data are lacking for Southeast
Asian countries.
In this study, we aimed to describe the impact of the COVID-19

pandemic on neurosurgical training in Indonesia, Malaysia,
Philippines, Singapore, and Thailand. Although there is no
unified neurosurgical training program in the region, the 5
countries share similar program structures, strengths and
weaknesses, and cultural norms in neurosurgical education.17

Geographic proximity and existing socioeconomic ties also
make collaborative effort during the recovery period feasible.
The results of the current study are vital to address present and
future challenges to neurosurgical education arising from this
global health crisis.
Singapore, Singapore; 3Division of Pediatric Neurosurgery, Hasan Sadikin Hospital/
Padjadjaran University, Bandung, West Java, Indonesia; 4Department of Surgery, Faculty of
Medicine, University of Malaya, Kuala Lumpur, Malaysia; and 5Division of Neurosurgery,
Philippine General Hospital, and Department of Anatomy, College of Medicine, University of
the Philippines Manila, Manila, Philippines

To whom correspondence should be addressed: Ronnie E. Baticulon, M.D.
[E-mail: rebaticulon@up.edu.ph]

Citation: World Neurosurg. (2020) 144:e164-e177.
https://doi.org/10.1016/j.wneu.2020.08.073

Journal homepage: www.journals.elsevier.com/world-neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2020 Elsevier Inc. All rights reserved.

UROSURGERY, https://doi.org/10.1016/j.wneu.2020.08.073

http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2020.08.073&domain=pdf
mailto:rebaticulon@up.edu.ph
https://doi.org/10.1016/j.wneu.2020.08.073
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2020.08.073


Table 1. Comparison of Neurosurgical Workforce and Survey Participation Among Five Southeast Asian Countries

Country
World Bank
Income Group

Number of
Neurosurgeons*

Neurosurgeon/Population
Ratioy

Number of
Training
Programs

Duration
of Training
(years)

Estimated
Number

of Trainees*

Number of
Respondents
(Percentage
of Trainees)

Indonesia Lower middle income 377 w1 in 718,000 8 5.5 211 160 (76)

Malaysia Upper middle income 152 w1 in 210,000 2 4 53 18 (35)

Philippines Lower middle income 134 w1 in 807,000 10 6 57 51 (89)

Singapore High income 65 w1 in 88,000 2 6 20 15 (75)

Thailand Upper middle income 536 w1 in 130,000 11 5 129 54 (42)

*Figures obtained by study authors through personal communications with their respective neurosurgical societies.
yBased on World Bank 2019 population data.20
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METHODS

From May 22 to 31, 2020, we conducted a descriptive, cross-
sectional study among neurosurgery residents in Indonesia,
Malaysia, Philippines, Singapore, and Thailand, using a Web-
based, self-administered survey on Google Forms (Google LLC,
Mountain View, California, USA). The Queen Sirikit National
Institute of Child Health ethics board granted ethical approval for
the study.
The last author (R.B.) drafted the survey questionnaire based on

previously published studies on COVID-19 and neurosurgical
practice.7,15,16,18,19 The co-authors, who are consultant neurosur-
geons involved in neurosurgical training in their respective
countries, vetted the questions and revised items as necessary. The
final survey instrument consisted of 33 questions (Appendix A)
and took 5 minutes to complete.
The following data were collected: country of origin; residency

training information (name of institution and year level); changes
in neurosurgical department activities because of COVID-19
(emergency and elective surgeries, outpatient clinics,
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Figure 1. The number of survey respondents in each country, stratified
by year level in training. Duration of neurosurgery training is 4 years in
Malaysia, 5 years in Thailand, 5.5 years in Indonesia, and 6 years in the
Philippines and Singapore.
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conferences, and research activities); ongoing educational activ-
ities and availability of resources to support online learning; as
well as information relevant to health worker safety (availability of
personal protective equipment [PPE] and COVID-19 testing). Two
open-ended questions at the end of the survey probed for the
greatest concerns of the trainees and their planned strategies to
bridge gaps in skills and knowledge during the pandemic period.
We distributed the survey link (http://tinyurl.com/covidsea) to

the different training programs of the 5 Southeast Asian countries
using personal communications and online methods (e.g., e-mail,
Twitter, and messaging applications such as WhatsApp, Tele-
gram, Line, and Viber). Only neurosurgery residents in the region
were included in the survey. Post-residency fellows and interna-
tional trainees performing clinical rotations were excluded.
Data were de-identified and exported to Stata/IC version 16.1

(StataCorp LLC, College Station, Texas, USA) for analysis. Invalid
and duplicate entries were removed. Descriptive statistics were
calculated, reporting frequencies and percentages for categorical
variables, and mean, median, and range for continuous variables.
Data were stratified by country and training level. A c2 or Fisher
exact test was used to evaluate relationships between categorical
variables. A Kruskal-Wallis H test was used to determine if there
were any significant differences in the reduction of neurosurgical
procedures among subgroups, followed by post hoc Mann-
Whitney tests for multiple comparisons with Bonferroni adjust-
ments, as necessary. P values <0.05 were considered statistically
significant.

RESULTS

Survey Response Rate
We received 324 responses. We removed 21 that were duplicates
based on provided e-mail addresses and 5 that were invalid. Thus,
298 responses were included in the data analysis. This result
represented 63% of the estimated 470 neurosurgical trainees in the
region (Table 1 and Figure 1). All 33 training programs had at least
2 respondents in the survey. There were 63 chief residents (21%),
defined as residents in their final year of training. Most of the
respondents (n ¼ 260, 87%) worked in a hospital that treated
both patients with COVID and patients who did not have COVID
(i.e., hybrid hospital).
www.journals.elsevier.com/world-neurosurgery e165

http://tinyurl.com/covidsea
www.journals.elsevier.com/world-neurosurgery


0% 20% 40% 60% 80% 100%

Indonesia

Malaysia

Philippines

Singapore

Thailand

Percentage of respondents for each country

No Cases Allowed Decreased by 81%–99% Decreased by 61%–80%

Decreased by 41%–60% Decreased by 21%–40% Decreased by 1%–20%
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Figure 2. In the survey questionnaire, we asked the respondents, “How
many percent of elective neurosurgical operations are you doing now?”
(i.e., May 22e31, 2020 compared with 3 months before the pandemic).
This graph shows the frequency of responses in each Southeast Asian
country, stratified from 100% reduction (i.e., no elective cases were
allowed) to 0% reduction (i.e., no change in the number of elective
cases). Red and orange bars represent a greater reduction in the number
of cases.
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Elective and Emergency Neurosurgical Operations
Figures 2 and 3 show the reported decrease in elective and
emergency neurosurgical procedures performed by neurosurgical
trainees in the 5 countries. At the time of the survey, median
reduction in elective procedures ranged from 50% in Thailand to
0% 20% 40% 60% 80% 100%
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No Cases Allowed Decreased by 81%–99% Decreased by 61%–80%

Decreased by 41%–60% Decreased by 21%–40% Decreased by 1%–20%

Unchanged

Figure 3. In the survey questionnaire, we asked the respondents, “How
many percent of emergency neurosurgical operations are you doing
now?” (i.e., May 22e31, 2020 compared with 3 months before the
pandemic). This graph shows the frequency of responses in each
Southeast Asian country, stratified from 100% reduction (i.e., no
emergency cases were allowed) to 0% reduction (i.e., no change in the
number of emergency cases). Red and orange bars represent a greater
reduction in the number of cases.
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100% in Indonesia and the Philippines (Table 2). Statistical
analyses showed that there was a significantly greater reduction
in elective cases in Indonesia and the Philippines (i.e., fewer
surgeries performed) compared with any of the other countries
(P < 0.001). For emergency cases, median reduction in
neurosurgical operations ranged from 20% in Singapore to 80%
in Indonesia. Trainees in Indonesia and Malaysia performed
significantly fewer emergency procedures compared with
trainees in Singapore or Thailand (P < 0.001).
We investigated if year level in training influenced the decrease

in surgical exposure (Table 3). The reduction of elective
neurosurgical procedures was similar for chief residents and the
rest of the trainees (median, 96% and 98%, respectively;
P ¼ 0.621). Likewise, no significant difference was observed for
the reduction in emergency neurosurgical procedures (median,
50% and 70%, respectively; P ¼ 0.237).
The respondents were asked to select elective neurosurgical

procedures that they were allowed to perform in their hospitals
during the study period. The results for 6 neurosurgical conditions
(benign brain tumor, malignant brain tumor, spinal cord tumor,
degenerative disease of the spine, congenital hydrocephalus, and
unruptured aneurysm) are presented in Figure 4. A higher
percentage of trainees in Malaysia, Thailand, and Singapore
continued to perform surgeries for the first 4 indications.
Other Educational Activities
One third of the respondents indicated that their outpatient clinics
had closed, with a median duration of 8 weeks. Most affected were
trainees in the Philippines (76%). In contrast, only 16% of trainees
from Indonesia reported clinic closures. Telemedicine clinics were
most used in Indonesia (69%) and Thailand (76%).
Whereas 98 (33%) noted a decrease in their research produc-

tivity, 42 residents (14%) had an increase in research work. In
Thailand, 54% of trainees had no change in their research activ-
ities. Overall, 213 residents (71%) said that they would miss at least
1 opportunity for international education and training because of
the pandemic. These opportunities included elective rotations or
observership programs (n ¼ 129, 43%), conference presentations
(n ¼ 90, 30%), and clinical fellowship positions (n ¼ 44, 15%).
Online Learning Activities and Resources
Most neurosurgical departments had modified morbidity and
mortality conferences and grand rounds from face-to-face to vir-
tual meetings. The trainees reported adequate access to techno-
logical resources. Most owned a smartphone (n ¼ 287, 96%) or a
laptop computer (n ¼ 267, 90%), and they connected to the
Internet primarily using mobile data (n ¼ 274, 92%). However,
many (n ¼ 139, 47%) did not use an online learning platform (e.g.,
Google Classroom, Canvas, or Moodle). In Indonesia, Malaysia,
and the Philippines, mentors initiated learning activities. The
opposite was true for Singapore and Thailand, where learning
activities were more likely to be initiated by trainees. International
webinars were most popular among the Indonesian residents, 91%
of whom reported watching online lectures twice a week or more.
Among the Thai trainees, 68% said that they attended webinars
only once a month or less. Only 6% of the trainees reported having
access to a neurosurgical simulation laboratory.
UROSURGERY, https://doi.org/10.1016/j.wneu.2020.08.073
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Table 2. Comparison of Reduction in Neurosurgical Operations Performed by Neurosurgical Trainees in Five Southeast Asian Countries

Indonesia
(n [ 160)

Malaysia
(n [ 18)

Philippines
(n [ 51)

Singapore
(n [ 13*)

Thailand
(n [ 54) P Value

Percent reduction in elective
neurosurgical operations

Mean � SD 90 � 22 79 � 28 94 � 16 52 � 37 52 � 27 <0.001

Median (IQR) 100 (8) 92.5 (39) 100 (0) 70 (60) 50 (40)

Percent reduction in emergency
neurosurgical operations

Mean � SD 71 � 29 65 � 31 57 � 35 30 � 33 41 � 25 <0.001

Median (IQR) 80 (45) 70 (40) 60 (62) 20 (50) 50 (40)

SD, standard deviation; IQR, interquartile range.
*2 residents were excluded because they were on research rotation.
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COVID Work and Health Worker Safety
At some point, 107 of the respondents (36%) had been deployed to
COVID-19 units of their hospitals such as wards, intensive care
units, and acute respiratory infection clinics. Although all Singa-
porean trainees indicated that they were provided with adequate
and appropriate PPE in the workplace, 43% and 41% of re-
spondents from Indonesia and the Philippines, respectively, said
that the PPE in their hospital was either inappropriate or inade-
quate in supply. Testing for COVID-19 was widely available among
all training institutions but not routine. Most (n ¼ 231, 78%) said
that their hospitals tested only health workers with symptoms or
exposure to COVID-19.

Concerns of Trainees
Most of the trainees (n ¼ 221, 74%) believed that the COVID-19
crisis will have a negative impact on their overall neurosurgical
training (Figure 5). There was no significant difference in the
opinions of the chief residents compared with the rest of the
trainees (67% vs. 76%; P ¼ 0.299; Table 3). Analysis of the free-
text responses showed that the residents were most concerned
about the following: 1) marked decrease in their hands-on surgical
experience, 2) uncertainty about their board examination and
potential delay in career advancement, 3) increasing number of
backlog cases, 4) risk of acquiring COVID-19 in the workplace, and
5) risk of transmitting COVID-19 to their families.
Table 3. Comparison of Responses of Chief Residents (i.e., Residents

Percent reduction in elective neurosurgical operations Mean � SD

Median (IQR)

Percent reduction in emergency neurosurgical operations Mean � SD

Median (IQR)

“Do you feel that the COVID-19 pandemic will have a
significant negative impact on your training overall?”

Yes, n (%)

No, n (%)

Not sure, n (%

No significant differences were observed in the reported reduction of elective and emergency ne
SD, standard deviation; IQR, interquartile range.
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Detailed survey results with frequencies and percentages for
each country are available in Appendix B.
DISCUSSION

Our findings confirm that COVID-19 has affected all aspects of
neurosurgical training in Southeast Asia. The extent of the impact
varied among the 5 countries included in this study. Significantly
higher reductions in neurosurgical operations were observed in
Indonesia and the Philippines. These effects were less evident in
Singapore and Thailand, where a higher percentage of trainees
continued to perform key neurosurgical procedures. Malaysian
trainees also had a marked decrease in emergency operations, but
their capacity to perform elective procedures was higher compared
with colleagues in Indonesia and the Philippines.
Most of the trainees worked in hybrid hospitals thatmanaged both

patients with COVID and patients without COVID. Thus, it was
usually not necessary to transfer patientswith confirmedor suspected
COVID-19 when they required neurosurgical care. This situation was
particularly true in Singapore and Thailand. On the other hand, in
Indonesia and the Philippines, when the aforementioned patients
were initially admitted in non-COVID hospitals, they were immedi-
ately transferred to COVID centers. At their discretion, neurosur-
geons in the Philippines could opt to perform emergency procedures
in non-COVID hospitals, but full PPE was required for staff. The
in Final Year) and the Rest of the Neurosurgical Trainees

Chief
Residents (n [ 63)

Rest of the
Trainees (n [ 235) P Value

79 � 29 82 � 28 0.621

96 (40) 98 (20)

56 � 35 62 � 32 0.237

50 (55) 70 (50)

42 (67) 179 (76) 0.299

7 (11) 20 (9)

) 14 (22) 36 (15)

urosurgical operations, as well as in the perceived impact of the pandemic on their training.

www.journals.elsevier.com/world-neurosurgery e167
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Figure 4. We asked the respondents to select neurosurgical procedures
that they were allowed to perform in their training centers at the time of
the survey (May 24e31, 2020). This graph shows the percentage of
respondents in each country for 6 neurosurgical conditions. During the
pandemic, a higher percentage of neurosurgery residents from Thailand,
Malaysia, and Singapore continued to perform surgeries for brain
tumors, spinal cord tumors, and degenerative diseases of the spine.
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approachwas slightly different inMalaysia. DedicatedCOVID centers
cancelled all elective and emergency surgeries at the height of the
pandemic. Neurosurgical patients were then diverted to non-COVID
hospitals. Emergency procedures were allowed in hybrid hospitals,
but COVID-19 testing was mandatory for all patients and full pre-
cautions were undertaken during the surgery.
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Figure 5. We asked the respondents, “Do you feel that the COVID-19
pandemic will have a significant negative impact on your training overall?”
This graphs shows the percentage of responses (yes, not sure, and no)
for each Southeast Asian country.
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It is worthwhile to examine these differences in the context of
the countries’ existing health care systems and national strategies
to control COVID-19 transmission.20-22 Indonesia and the
Philippines are lower-middle-income countries with the lowest
neurosurgeon/population ratios. At the other end of the spectrum,
Singapore is a high-income country, with the highest density of
neurosurgeons. Thailand and Malaysia are upper-middle-income
countries, with neurosurgeon/population ratios closer to the
benchmark commonly set at 1:100,000.23

These 5 countries were at different stages of the pandemic at the
time of the survey (Table 4).22,24-27 Singapore had documented the
highest number of COVID-19 cases. However, it also had the
lowest number of deaths and performed the highest number of
tests per thousand people. Although the number of new COVID-19
cases in Thailand and Malaysia had steadily decreased, the
numbers of infections and deaths in the Philippines and Indonesia
still continued to increase during the study period. Case fatality
rates and recovery rates in Indonesia and the Philippines were also
worse compared with their Southeast Asian neighbors.
The survey results suggest that successful control of COVID-19

infections and deaths at the national level seems to be impor-
tant in ensuring continuation of neurosurgical training and pro-
vision of essential neurosurgical services. This finding is not at all
surprising. Good governance is vital in managing the COVID-19
crisis, especially in resource-limited settings. Prioritizing
COVID-19 services means allocating mechanical ventilators and
intensive care unit beds to their patients, thus leaving fewer re-
sources available to the neurosurgical service of a hospital. There
may also be a shortage of human resources, with doctors and
operating room nurses being divided into cohorts or deployed to
COVID units.12,28 It would not be safe to resume or continue
neurosurgical services when there is a shortage of PPE, or when
patients are not adequately screened and tested for COVID-19.
Several reasons may account for the marked decrease in

emergency and elective consults. Because of fear of contracting
COVID-19 in health care facilities, people may delay seeking
consult, even for urgent neurosurgical conditions.3,29 Strict
lockdown policies and lack of public transportation have also
restricted movement of people across regions; this is important
to consider, especially because most neurosurgical centers are
located in urban areas and city centers.
It may take some time before outpatient clinics resume normal

services, especially if the infrastructure of a hospital does not
provide adequate ventilation or allow social distancing among
patients and staff. Many neurosurgical departments have shifted to
telemedicine and virtual clinics.30,31 Doctors must keep in mind
that patients, especially from low-income and middle-income
countries, may not necessarily have the gadgets or Internet
connection to avail themselves of these services, leading to further
delays in the provision of care.
When a patient needs neurosurgery, training officers are often

confronted with the question, “Who should do the case?”8,9,12,32

Should it be the senior or chief resident, who is expected to
take up less time in the operating theater, require no assist and
therefore less PPE, and have a lower risk of complications,
potentially avoiding a prolonged hospital stay? But what about
the junior residents, who also need to learn neurosurgery from
hands-on experience, not just from online videos? In Singapore,
UROSURGERY, https://doi.org/10.1016/j.wneu.2020.08.073
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Table 4. COVID-19 Situation in Five Southeast Asian Countries During the Study Period

Indonesia Malaysia Philippines Singapore Thailand

Total population in 2019* 270,625,568 31,949,777 108,116,615 5,703,569 69,625,582

Total number of confirmed COVID-19 casesy 25,773 7762 17,224 34,336 3077

Total number of confirmed COVID-19 deathsy 1573 115 950 23 57

Case fatality rate (%) 6.1 1.5 5.5 0.1 1.9

Total number of recoveriesy 7015 6330 3808 20,727 2961

Case recovery rate (%) 27 82 22 60 96

Total number of COVID-19 testsy 216,769 546,368 328,144 408,495z 420,000z

All values as of 30 May, 2020, except where indicated. Indonesia and the Philippines have the highest case fatality rate, the lowest recovery rate, and the lowest number of tests per capita for
COVID-19 in the region. These are also the countries with the greatest reduction in elective neurosurgical operations, as seen in Table 2.

*Data obtained from the World Bank.20

yData obtained from various sources.24-27

zAs of June 1, 2020.
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operations were generally consultant led, to minimize surgical
time and patient exposure.
At the start of the pandemic, when testing capacity was low and

results took several days to be released, neurosurgical centers in
Indonesia, Malaysia, and the Philippines treated all patients as if
they had COVID-19, following all safety protocols and personnel
restrictions as described earlier. These concerns were hardly
encountered in Thailand and Singapore, where the capacity to test
patients was rapidly increased early on, making it possible to
immediately identify patients without COVID who required only
the standard of care. As testing capacity increased and turnaround
times for results shortened in the other countries, we observed a
corresponding increase in cases in which we could safely allow
trainees to scrub in. Once again, this finding highlights that an
effective response against COVID-19 has a direct positive impact
on neurosurgical care.
Neurosurgical trainees in Southeast Asia were most worried

about the dramatic decrease in their neurosurgical operations,
potentially leading to loss of skills and lack of opportunities to
acquire new ones. Many were concerned about their future, and
rightly so. They were uncertain if they would be allowed to graduate
from training or take the national board examination, considering
the strict competency assessment in neurosurgery. No one knows
for sure how long the pandemic will last and when neurosurgical
services worldwide will return to “normal.” Although a vaccine
against the virus is not yet available and herd immunity is ques-
tionable, a second or third wave of infections may easily force
hospitals to shut down their operating rooms again.
The trainees’ fears could be allayed only by clear guidelines and

expectations from the neurosurgical societies of the different
countries. Training programs should also address concerns
regarding health worker safety, especially the lack of PPE.33,34 The
constant fear of bringing home the virus to one’s family only adds
to the trainees’ physical exhaustion and psychological stress
during this time.7,35

Amid the COVID-19 pandemic, it is imperative that neurosur-
gical education continues in this part of the world, where there
remains a large deficit in the neurosurgical workforce.36 To
WORLD NEUROSURGERY 144: e164-e177, DECEMBER 2020
increase surgical volumes, 1 strategy has been to improve the
neurosurgical capacity of regional and secondary hospitals,
designated as non-COVID centers. For instance, in Malaysia,
several neurosurgeons and trainees have been reassigned to these
hospitals, where they provide general neurosurgical services. On
the other hand, consultant neurosurgeons in Indonesia have
increased the involvement of trainees in cases performed in private
hospitals. In Philippine General Hospital, the largest COVID
referral center in the Philippines, an ad hoc committee that
prioritized surgical cases based on specified criteria such as
prognosis and expected length of postoperative hospital stay has
allowed gradual resumption of elective neurosurgical procedures.
Potential areas for growth in the region include the develop-

ment of online training modules or virtual boot camps for
neurosurgery residents, augmented by simulation laboratories that
would allow learners to develop practical skills. Such modules may
be standardized across training programs in a country, perhaps
even shared with international colleagues. Program directors need
not start from scratch; instead, the use of free, readily available,
and curated online resources such as the Neurosurgical Atlas and
the Congress of Neurological Surgeons’ Nexus.37 Although
caseload remains low, training programs should also consider
setting up simulation laboratories that would allow trainees to
obtain hands-on experience, without risk of acquiring COVID-
19. The learning experience could be enhanced further with cur-
rent advances in virtual and augmented reality.38

The rapid publication of COVID-19 guidelines and experiences
relevant to neurosurgery has allowed wide dissemination of best
practices globally.4,39-42 Online webinars have been instrumental
in bridging the gaps in knowledge during this pandemic. Such
video lectures could be improved further by adding subtitles and
making language translations available. We can only hope that
these newfound virtual connections would translate to in-person
collaborations when borders reopen, especially because many
young neurosurgeons in the region have lost opportunities for
global education and training.
Our study is limited by selection bias, wherein neurosurgical

trainees who have been most affected by COVID-19 may not have
www.journals.elsevier.com/world-neurosurgery e169
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had time to answer our survey. The reported decreases in elective
and emergency neurosurgical procedures may have also been
subject to self-reporting bias. Hospital policies on allowable op-
erations are dynamic, and we have presented data only for a
specific time window. When possible, a review of the residents’
operation logs several months after the study period would pro-
vide a more objective means to quantify the impact of COVID-19
on the trainees’ surgical volumes. It would be ideal to obtain
the perspective of the program directors and consultant neuro-
surgeons in the region, to determine whether they concur with the
perceived impact of the pandemic on training. The long-term ef-
fects of the pandemic on the mental health of trainees, including
burnout rates, also merit further investigation.

CONCLUSIONS

Neurosurgery residents in Indonesia, Malaysia, Philippines,
Singapore, and Thailand face ongoing challenges in their training
because of the COVID-19 pandemic. Trainees were most concerned
about the decrease in their hands-on surgical experience, uncer-
tainty in their career advancement, and occupational safety in their
workplace. An effective national strategy to control COVID-19 is
crucial to sustain neurosurgical training and to provide essential
neurosurgical services. Training programs in the region should
consider developing online learning modules and setting up
simulation laboratories, which would allow trainees to systemati-
cally acquire knowledge and develop practical skills. It is important
e170 www.SCIENCEDIRECT.com WORLD NE
to make contingency plans for another pandemic, to ensure mini-
mal disruption of neurosurgical education in the future.
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APPENDIX A: SURVEY INSTRUMENT

This is a survey on the impact of COVID-19 on neurosurgical
training and education in Southeast Asia. The survey is open to all
neurosurgical residents in Indonesia, Malaysia, Philippines,
Thailand, and Singapore. The entire survey will only take 5 mi-
nutes to complete. If you are NOT from any of these countries,
there is no need to answer the survey.
Participation in this survey is voluntary. By answering the sur-

vey, you consent to providing your personal information to the
study investigators. The researchers will maintain the confidenti-
ality of data and all data will be de-identified prior to analysis.
Training hospitals will de-identified as well in the final paper.
For questions, you may e-mail Dr. Nunthasiri Wittayanakorn at

nanthasiriw@gmail.com.
Thank you in advance for your participation.
Nunthasiri Wittayanakorn, MD (Thailand)
Vincent Diong Weng Nga, MBBS (Singapore)
Mirna Sobana, MD (Indonesia)
Nor Faizal Ahmad Bahuri, MBBS, MSurg, DPhil (Malaysia)
Ronnie E. Baticulon, MD (Philippines)
*Required questions

INFORMED CONSENT*

I have read the study description above and AGREE to participate
in the survey.
I do NOT wish to participate in the survey.

1. What is your e-mail address?*

2. Which country are you from?*

Indonesia

Malaysia

Philippines

Singapore

Thailand

Neurosurgical Training

3. Are you a neurosurgery resident in training?*

Yes

No

4. Select your training program from the list.*

(Dropdown list of training programs)
5. Which level are you in your neurosurgery training program?*

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6 or higher
e172 www.SCIENCEDIRECT.com WORLD NE
6. Are you in your final year of training?*

Yes

No
Tell Us About the Impact of COVID-19 on Your Training

7. Does your training hospital treat COVID-19 patients?
UR
Yes - only COVID patients are being admitted (dedicated
COVID hospital)

Yes - but non-COVID patients are still being admitted (hybrid
COVID hospital)

No

Not sure
8. Does your hospital perform neurosurgical operations on pa-
tients with probable or confirmed COVID-19?
Yes

No

Not sure
9. Which of these were cancelled in your training hospital? Pick
all that apply. Leave the boxes unchecked if your hospital was
NOT affected.
Emergency surgeries

Elective surgeries

Outpatient clinics

Face-to-face meetings and conferences
10. If EMERGENCY surgeries were cancelled in your hospital,
how many WEEKS were they cancelled?

11. If ELECTIVE surgeries were cancelled in your hospital, how
many WEEKS were they cancelled?

12. If OUTPATIENT CLINICS were cancelled in your hospital, how
many WEEKS were they cancelled?

13. What will happen to your ongoing research projects?
Proceed as usual

Decrease in research activity (cancellation, modification,
complete stop, less time for research)

Increase in research activity (additional projects, more prog-
ress, more time for research)

I don’t have any research at present
14. Which of the following were you planning to participate in,
but are now cancelled because of COVID-19? Pick all that
apply.
Accepted poster or platform presentation in an international
conference
OSURGERY, https://doi.org/10.1016/j.wneu.2020.08.073
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Elective rotation or observership in another neurosurgical
center abroad

Job interview for post-residency fellowship abroad

Clinical fellowship training

Research fellowship training
15. What will happen to your scheduled neurosurgical examina-
tion this year?
Proceed as scheduled

Defer to a later date

No announcement yet
Neurosurgical Operations
EMERGENCY surgery is defined as one that may result to death or
significant morbidity if not performed within 24 hours.

16. Compared to the last 3 months before the COVID-19
pandemic, how many percent of EMERGENCY neurosurgical
operations were you doing during the PEAK of the COVID-19
pandemic in your country?*
No change

Decreased by about 1% to 20%

Decreased by about 21% to 40%

Decreased by about 41% to 60%

Decreased by about 61% to 80%

Decreased by about 81% to 99%

No EMERGENCY cases were allowed
17. How many percent of EMERGENCY neurosurgical operations
are you doing NOW? Please write a number from 0 to 100.*

18. Compared to the last 3 months before the COVID-19
pandemic, how many percent of ELECTIVE neurosurgical
operations were you doing during the PEAK of the COVID-19
pandemic in your country?*
No change

Decreased by about 1 to 20%

Decreased by about 21 to 40%

Decreased by about 41 to 60%

Decreased by about 61 to 80%

Decreased by about 81 to 99%

No ELECTIVE cases were allowed

19. How many percent of ELECTIVE neurosurgical operations
are you doing NOW? Please write a number from 0 to
100.*

20. At present, which of the following neurosurgical condi-
tions are you allowed to treat in your center? Pick all that
apply. If none, please leave the boxes blank.
RLD NEUROSURGERY 144: e164-e177, DECEMBER 2020
Benign brain tumors

Malignant brain tumors

Congenital hydrocephalus

Craniosynostosis, encephaloceles, and other congenital
anomalies

Unruptured aneurysm

Unruptured AVM

Spinal cord tumors

Degenerative disease of the spine

Epilepsy

Spasticity, movement disorders, or pain
Online Learning in Neurosurgery

21. Which alternative learning activities in neurosurgery are
ongoing in your hospital? Pick all that apply.
Telemedicine or virtual clinic

Virtual morbidity and mortality conference

Virtual grand rounds and case presentation

Simulation laboratories

Research activities

Mentoring

Other.
22. Which of the following devices do you own? Pick all that
apply.
Smartphone

iPad or Tablet

Laptop

Desktop computer
23. How do you access materials for online learning/e-learning?
Pick all that apply.
Personal mobile data

Personal postpaid internet subscription (e.g., broadband,
DSL)

Hospital network/Wi-Fi
24. Who usually starts the learning activities in your department/
training program?
Trainees

Mentors

Hospital administrator

Other.
www.journals.elsevier.com/world-neurosurgery e173
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25. Does your institution/training program use a formal e-
learning platform to teach neurosurgery? Examples: School-
ogy, Moodle, Google Classroom, Canvas. Platform should
have online materials, quizzes and self-directed learning.
e1
Yes

No

Not sure
26. How often do you watch online neurosurgery webinars
conducted by international speakers or trainers outside of
your center? Examples: Zoom, WebEx, GoToWebinar,
GoogleMeet
Never

Once a month or less

Once a week

Twice a week or more
27. The following may be considered barriers to learning during
this pandemic period. Which of the following have you
experienced? Pick all that apply.
Limited internet access or lack of learning devices

Lack of physical spaces conducive to learning

Busy with hospital work not related to neurosurgery

Busy with responsibilities at home or to family

Mental health issues (e.g., depression, anxiety, burnout)

Lack of basic needs (e.g., food, water, medicine, security)

No clear instructions from the training program

Other.
28. Do you feel that the COVID-19 pandemic will have a signifi-
cant NEGATIVE impact on your training overall?*
74 www.SCIENCEDIRECT.com WORLD NEUR
Yes

No

Not sure

29. What are your greatest concerns at the moment regarding

your neurosurgical training?

30. How do you plan to make up for your missed neurosurgical
training activities?
Care for COVID-19 Patients

31. Have you ever been assigned to work in a COVID ward, COVID
ICU, or Acute Respiratory Infection (ARI) clinic?
Yes

No
32. How would you describe the supply of PPE in your main
hospital of work?
Appropriate and adequate supply

Inappropriate and/or inadequate supply

The hospital does not provide PPE
33. How does your workplace test COVID-19 for health care
workers?
All health care workers undergo routine testing for COVID-19,
even if there are no symptoms

Only those with symptoms and/or exposure are tested for
COVID-19

COVID-19 testing is not available in my training hospital
[END OF SURVEY]
OSURGERY, https://doi.org/10.1016/j.wneu.2020.08.073

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2020.08.073


Appendix B. Detailed Survey Results by Country

Indonesia
(n [ 160) Malaysia (n [ 18)

Philippines
(n [ 51)

Singapore
(n [ 15)

Thailand
(n [ 54)

n % n % n % n % n %

Year level

1 37 23 3 17 0 0 2 13 5 9

2 41 26 1 6 16 31 1 7 12 22

3 31 19 5 28 7 14 2 13 11 20

4 23 14 9 50 9 18 5 33 10 19

5 23 14 6 12 3 20 16 30

�6 5 3 13 25 2 13

Place of work

Dedicated COVID hospital 13 8 1 6 1 2 1 7 12 22

Hybrid COVID hospital 146 91 12 67 49 96 14 93 39 72

Non-COVID 1 1 5 28 1 2 0 0 3 6

Cancelled activities

Outpatient clinics 25 16 10 56 39 76 5 33 18 33

Conferences 112 70 14 78 49 96 12 80 37 69

Effect on research projects

Proceed as usual 37 23 5 28 14 27 2 13 29 54

Increase in research 14 9 2 11 12 24 4 27 10 19

Decrease in research 53 33 10 56 18 35 9 60 8 15

No ongoing research 55 34 1 6 7 14 0 0 7 13

Missed opportunities

Poster 46 29 6 33 20 39 7 47 11 20

Observership 70 44 2 11 15 29 5 33 37 69

Job interview 6 4 0 0 2 4 1 7 0 0

Research fellowship 16 10 0 0 0 0 2 13 0 0

Clinical fellowship 32 20 6 33 4 8 1 7 1 2

Any of the above 119 74 12 67 29 57 10 67 43 80

Device ownership

Smartphone 155 97 18 100 51 100 15 100 48 89

Tablet 56 35 8 44 38 75 9 60 42 78

Laptop computer 150 94 16 89 49 96 14 93 38 70

Desktop computer 12 8 1 6 9 18 4 27 15 28

Internet access

Mobile data 150 94 15 83 48 94 14 93 47 87

Postpaid subscription 56 35 13 72 32 63 11 73 23 43

Hospital Internet 64 40 3 17 36 71 11 73 36 67

PPE, personal protective equipment.
Continues
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Appendix B. Continued

Indonesia
(n [ 160) Malaysia (n [ 18)

Philippines
(n [ 51)

Singapore
(n [ 15)

Thailand
(n [ 54)

n % n % n % n % n %

Online learning platform available?

Yes 68 43 10 56 13 25 2 13 24 44

No 57 36 8 44 36 71 13 87 25 46

Not sure 34 21 0 0 1 2 0 0 5 9

Who initiates learning activities?

Trainees 76 48 8 44 39 76 12 80 47 87

Mentors 135 84 13 72 41 80 10 67 33 61

Administrators 14 9 1 6 5 10 2 13 6 11

Ongoing learning activities

Telemedicine or virtual clinic 111 69 6 33 30 59 7 47 41 76

Virtual morbidity and mortality 68 43 2 11 37 73 13 87 31 57

Virtual grand rounds 124 78 7 39 45 88 10 67 32 59

Simulation laboratories 10 6 0 0 6 12 0 0 3 6

Research activities 36 23 1 6 28 55 7 47 21 39

Mentoring 69 43 4 22 17 33 6 40 14 26

How often do you watch webinars?

Never 0 0 3 17 1 2 0 0 13 24

1� a month or less 1 1 5 28 12 24 5 33 24 44

1� a week 13 8 4 22 21 41 6 40 7 13

2� a week or more 146 91 6 33 17 33 4 27 10 19

Will COVID-19 have a negative impact on your training?

Yes 124 78 9 50 40 78 9 60 39 72

No 4 3 4 22 7 14 3 20 9 17

Not sure 32 20 5 28 4 8 3 20 6 11

Have you worked in COVID-19 units?

Yes 42 26 3 17 30 59 3 20 29 54

No 117 73 15 83 21 41 11 73 23 43

Not indicated 1 1 0 0 0 0 1 7 2 4

Describe your hospital’s PPE

Appropriate and adequate 81 51 12 67 30 59 15 100 41 76

Inappropriate and/or inadequate 68 43 6 33 21 41 0 0 11 20

No PPE available 9 6 0 0 0 0 0 0 0 0

Not indicated 2 1 0 0 0 0 0 0 2 4

Is testing available for health workers?

Routine 45 28 2 11 8 16 1 7 5 9

Only with exposure 113 71 16 89 41 80 14 93 47 87

No testing available 0 0 0 0 2 4 0 0 0 0

Not indicated 2 1 0 0 0 0 0 0 2 4

PPE, personal protective equipment.
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APPENDIX C: LIST OF PARTICIPATING TRAINING
PROGRAMS

Indonesia
Diponegoro University, Semarang UNDIP
Hasanuddin University, Sulawesi UNHAS
Padjadjaran University, Bandung UNPAD
Udayana University, Denpasar UNUD
University of Indonesia, Jakarta UI
University of Sumatra Utara, Medan North Sumatra USU
Airlangga University, Surabaya UNAIR
Gajah Mada University, Yogyakarta UGM

Malaysia
Universiti Sains Malaysia
Universiti Malaya

Philippines
Armed Forces of the Philippines Medical CentereV. Luna General
Hospital
Jose Reyes Memorial Medical Center
Makati Medical Center
Philippine General Hospital
WORLD NEUROSURGERY 144: e164-e177, DECEMBER 2020
Southern Philippines Integrated Neurosurgical Training Program
St Luke’s Medical Center
The Medical City
University of Santo Tomas Hospital
University of the East Ramon Magsaysay Memorial Medical Center
Vicente Sotto Memorial Medical Center

Singapore
National Neuroscience Institute (NNI), Singhealth
National University Health System (NUHS)

Thailand
Bhumibol Adulyadej Hospital
Chiangmai University Hospital
Chulalongkorn Hospital
Khon Kean University Hospital
Phramongkutklao Hospital
Prasart Neurology Institute
Ramathibodi Hospital
Siriraj Hospital
Songklanagarind Hospital
Thammasart University Hospital
Vachira Hospital
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