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Neurosurgery Services in Dr. Sardjito General Hospital, Yogyakarta, Indonesia, During
the COVID-19 Pandemic: Experience from a Developing Country

Wiryawan Manusubroto, Adiguno Suryo Wicaksono, Daniel Agriva Tamba, Paulus Sudiharto, Handoyo Pramusinto,

Rachmat Andi Hartanto, Endro Basuki

BACKGROUND: Most articles describing the effect of
the coronavirus disease 2019 (COVID-19) pandemic on
neurosurgical services have been from developed coun-
tries. We report our experience in carrying out neurosur-
gical services at Dr. Sardjito General Hospital, Yogyakarta,
Indonesia, during the time of the pandemic.

METHODS: To collect information on the effect of the
pandemic in Indonesia and Yogyakarta, we gathered data
from the Indonesian Ministry of Health's online database
for the national data and local government records for the
local data (including records of Dr. Sardjito General Hos-
pital Division of Neurosurgery).

RESULTS: Compared with other countries, Indonesia has
not been severely hit by the impact of COVID-19. To increase
our understanding of the natural history of the pandemic, we
divided the period into 4 phases: phase 1 (when there were
confirmed cases in Indonesia but no cases in Yogyakarta),
phase 2 (when the first case in Yogyakarta was detected),
phase 3 (when the cumulative cases surpass their peak), and
phase 4 (when the pandemic ends). At the time of this
writing, we were still in phase 2 and in this phase, we
experienced a decrease in the number of emergency sur-
gical procedures, from an average of 4 to 2.4 per week.
Moreover, the number of elective operations dropped from
an average of 12 to 9 per week.

CONCLUSIONS: A pandemic, such as COVID-19, reduces
both inpatient and outpatient neurosurgical activities. A
comprehensive plan can improve both utilization and safety
of the neurosurgical staff.

Indonesia was reported on March 2, 2020." Since then, the

number of people who are infected with SARS-CoV-2 has
grown exponentially, a pattern that can usually be observed in an
uninhibited outbreak.”? Some experts have stated that the number
will continue to soar in the subsequent few weeks if no significant
intervention is performed.* The government then announced a
public health emergency on March 31, 2020.°

Following the public health emergency announcement, the
Indonesian government imposed a temporary ban on all foreign
travelers and also published several other regulations.’ One major
regulation was a guideline for large-scale social restriction (Per-
menkes No. g Tahun 2020; Pedoman Pembatasan Sosial Bersakala
Besar). The local governments with a high number of cases or
deaths in their regions were allowed to impose such restriction
with approval from the Indonesian Ministry of Health.” Such
measures included banning mass gatherings, closing schools
and offices, curbing nonessential businesses, and banning
public transport.”

Furthermore, the Indonesian Ministry of Health selected several
hospitals as the referral hospitals to handle the emerging infec-
tious disease (KH.or.07/MENKES/169/2020). Dr Sardjito General
Hospital was one of the selected hospitals located in the Special
Region of Yogyakarta.® The hospital, which is also the university
hospital for Universitas Gadjah Mada, was chosen because of its
full-range intensive care unit and 2 isolation wards for airborne
infectious diseases.’® Finally, to accommodate more patients with
COVID-19, the hospital also remodeled a ward as a new isola-
tion ward.

Compared with other countries located outside the equatorial
zone, the number of COVID-19 cases has been relatively small in
Indonesia.”” However, the outbreak is adding extra burdens on the
health care system worldwide, including Indonesia.”
Neurosurgical service is one of the systems affected.”* Several
articles have discussed how neurosurgical services should be
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managed during this difficult time™’¢; however, there is no
specific report on neurosurgical services in developing countries.
This article focuses on the neurosurgical service in Dr. Sardjito
General Hospital, Yogyakarta, Indonesia, as a representative of
low- and middle-income countries. Moreover, although the
number of COVID-19 cases has remained rather low in Yogyakarta,
we believe that hospital preparedness and contingency plans for a
pandemic should be formulated, especially for neurosurgery cases,
to manage the potential development of this pandemic and
possible future outbreaks.

Here we review what has been done by related stakeholders to
curb the impact of the disease. We also describe our hospital’s
policy for performing neurosurgical services during the COVID-19
outbreak and explore what can be corrected in the future, espe-
cially in the setting of low- and middle-income countries.

METHODS

We collected information on the effect of the outbreak in
Indonesia from the COVID-19 online database created by the
Indonesian Ministry of Health. The government selected the
National Institute of Health Research and Development (Badan
Penelitian dan Pengembangan Kesehatan Kementerian Kesehatan
[Balitbangkes]) as COVID-19 national referral laboratory. In
addition, the government also selected several regional labora-
tories as COVID-19 diagnostic laboratories.”™ All facilities had to
meet the Biosafety Level 2 standard and have reverse-
transcription polymerase chain reaction (RT-PCR) capabilities.*®
By the middle of April 2020, the Indonesian government had
tested more than 30,000 samples (i.e., approximately 130 tests
per 1 million population)."”

Furthermore, we gathered information from online COVID-19
records generated by the Yogyakarta government to assess the
effect of the outbreak in the Special Region of Yogyakarta. By April
13, 2020, the Yogyakarta administration had performed 516 tests,
for a rate of approximately 144 tests per 1 million people.”® The
data on confirmed COVID-19 cases from all laboratories
throughout Indonesia were then sent to Balitbangkes to be vali-
dated and verified.” All confirmed cases, which included
inpatients, recovered patients, and deaths, had been confirmed
by RT-PCR."™ Finally, the data were sent to the Public Health
Emergency Operation Center of the Indonesian Ministry of Health.

The data on the number of neurosurgical procedures performed
between February 2, 2020, and April 10, 2020, at Dr. Sardjito
General Hospital were obtained from the hospital’s Division of
Neurosurgery. Emergency cases were defined as head tumor and
cerebrovascular problems with acute deterioration, shunt mal-
function, cauda equina syndrome, acute obstructive hydrocepha-
lus, or head and spinal cord trauma. In addition, urgent cases
such as non—rapid-onset hydrocephalus, head tumor (with ur-
gency depending on history), or problems with recent onset of
upper motor neuron symptoms or signs (e.g., cervical or thoracic
myelopathy) were included in the elective surgical planning. Pre-
operative procedures during the pandemic, including tests to
detect COVID-19, are described in the Discussion section.

We included data from the previous months to help the reader
differentiate the number of surgical procedures performed before
and during the outbreak. Moreover, we compared the types of

neurosurgical procedures performed at our center before and after
the announcement of the first COVID-19 case in Yogyakarta.
Finally, we also analyzed the changes in the number of outpatients
visiting Dr. Sardjito General Hospital’s neurosurgical clinic.

RESULTS

COVID-19 in Indonesia

The number of confirmed cases in Indonesia had skyrocketed in
the last few weeks. By the middle of April, the government had
tested more than 30,000 samples (i.e., approximately 130 tests per
1 million population) and found more than 4800 confirmed cases,
with 459 fatalities (Figure 1)."7" The highest number of death was
in the capital city, Jakarta, which had 2335 infected cases and 241
deaths at the midpoint of April 2020.>> Moreover, compared with
other nations, Indonesia had a considerably higher case fatality
rate (i.e., 9.56%).” On the other hand, the mortality rate was
rather low at roughly 1 death per 588,000 people.”

COVID-19 in the Special Region of Yogyakarta

The infection rate in Yogyakarta was not as high as that seen in Jakarta.
The first case was detected on March 13, 2020, in a 3-year-old child who
had a history of a family trip to Depok, West Java. As of April 13, 2020,
there were 55 confirmed cases, including 6 deaths.” Sleman, where
our hospital is located, was the region with the highest number of
positive cases (i.e., 29 cases). Moreover, Yogyakarta has not been
declared as an area with local transmission.”* Nonetheless, it is
strongly suggested that each stakeholder remain vigilant.

The 4 Phases of the Pandemic at Dr. Sardjito Hospital

We divided our experience during this period into 4 phases to ease
the understanding of the nature of the pandemic (Figure 2). Phase
1 (March 2—13, 2020) was the period of indigency. There were
confirmed cases already in Indonesia during this period;
however, knowledge of the disease was limited at that time. As
a result, there was no clear diagnosis, and inadequate
equipment to manage it. Phase 2 is defined as the period
between the initial detection of the outbreak in Yogyakarta and
when the government relaxes the strict regulations regarding the
outbreak. Early in this phase, the number of cases outside
Yogyakarta had soared, and the Indonesian Ministry of Health
and the Indonesian Medical Association had instituted several
measures in an effort to curb the impact.*** In phase 3, the
transition phase, the infection rate has subsided but the end of
the outbreak has not been declared. Finally, phase 4 is defined
as the period after the outbreak resolved. At the time of this
writing, we have not yet entered the last 2 phases; we described
them here to explain our expectations of the end of the pandemic.

Number of Neurosurgical Procedures Performed at Dr. Sardjito
General Hospital

Our center’s staff comprises 6 consultant neurosurgeons and 23
residents capable of performing both emergency and elective
procedures.® In the last g weeks before the first confirmed case in
Indonesia, an average of 4 emergency operations were performed
each week. However, early in phase 2, there was a drop in the
number of emergency operations, to an average of 2.4 per week
(Figure 3).
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Figure 1. The confirmed cases in 34 provinces in status as the capital city of Indonesia and the province
Indonesia as of April 14, 2020. DKI Jakarta and Special in which our hospital is located, respectively.
Region of Yogyakarta are highlighted owing to their

Furthermore, an average of 16 elective operations per week were lower than the average of 11.78 elective surgical procedures
performed during phase 1 (Figure 3). However, early in phase 2, weekly performed in the last g weeks. Tumor resection
the number decreased to roughly 9 operations weekly. This was accounted for the highest number of operative procedures, with
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Figure 2. Summary of our experiences during the outbreak, described in a have not yet passed by our institution. Therefore, the purpose of stating
four-phase model, in Dr. Sardjito General Hospital. Note that Phase 3 and 4 those two phases is to explain our expectations.
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Figure 3. The amount of elective (solid line) and emergency (dashed line)
neurosurgery operations from February 2, 2020 to April 18, 2020 at Dr.
Sardjito General Hospital. The data from February 2020 is presented to
illustrate the average number of surgical procedures during typical period in

8-14Mar 15-21Mar 22-28Mar 29 Mar-4 5-11Apr

12-18 Apr
Apr

— — = Number of emergency surgeries

— .. — Averageemergency last 9weeks priorto Phase 1

Dr. Sardjito General Hospital. The black arrow indicates the time when the
Indonesian first case of COVID-19 was announced (the beginning of Phase
1). Black arrowhead denotes the date when the first COVID-19 case in
Yogyakarta was revealed (Phase 2).

18 cases. In contrast, trauma surgery accounted for the fewest
cases, with only 4 procedures (Figure 4).

Number of Appointments in the Hospital’'s Neurosurgery
Outpatient Clinic

The pattern of the number of outpatient visits was similar to that
observed in the number of surgical procedures. In the last 8 weeks
before phase 1, we had an average of 93.38 outpatients each week

(Figure 5). However, since early phase 2, there was a slight
reduction in outpatient numbers, and since March 20, 2020, the
decline has accelerated. Furthermore, we had 12 residents who
were eligible (based on year of residency) to provide care in the
outpatient clinic. In phase 1, we allocated 4—6 residents each
day to provide care in the outpatient clinic. However, in phase
2, we reduced the number of residents to just 2 per day owing
to the reduced number of outpatients.

e s )
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o N B~ O

Vascular Spine

during March 2020.

Number of neurosurgical procedures based on categories

Pediatrics

Figure 4. The number of neurosurgical procedures in Dr. Sardjito General Hospital based on the operative categories

Trauma Tumor Other
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Figure 5. The amount of patient who came to Dr.
Sardjito General Hospital neurosurgery outpatient
clinic. The data from January 2020 is presented to
illustrate the average number of outpatients during
typical period in Dr. Sardjito General Hospital. The
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black arrow indicates the time when the Indonesian
first case of COVID-19 was announced (the beginning
of Phase 1). Black arrowhead denotes the date when
the first COVID-19 case in Yogyakarta was revealed
(Phase 2).

DISCUSSION

The COVID-19 Test in Indonesia: The Iceberg Phenomenon
The COVID-19 pandemic in Indonesia is rather challenging. We
have a high case-fatality rate yet a low mortality rate, which might
reflect the “iceberg” phenomenon. Some experts believe that it is
associated with Indonesia’s low testing rate.** Although the
number of tests increased in phase 2 compared with phase 1,
Indonesia remained among the countries with a low testing rate.>
Furthermore, evidence shows a high level of SARS-CoV-2
replication in the upper respiratory tract even before symptoms
appear.>®” Consequently, people who are infected with the virus
yet do not have any signs or symptoms may possibly spread the
virus to others.”® This might have significant epidemiologic
repercussions, especially in countries with a low testing rate.™*
In such countries, asymptomatic carriers cannot be widely
detected, which in turn might increase the rate of
transmission.”® Therefore, increasing the effort to test as many
people as possible appears to be an essential strategy for
reducing the impact of the pandemic.?’

Preoperative Preparation During the COVID-19 Pandemic

In phase 2, we have started to use screening tests for elective and
emergency patients to detect possible COVID-19 infection in sur-
gical candidates (Figure 2). Each test will include a patient history
(e.g., previous travel, place of residence, any closed contact with a
suspected COVID-19—positive individual), laboratory tests
(increased neutrophil-to-lymphocyte ratio and C-reactive protein,
decreased lymphocyte count), and chest radiography suggesting

COVID-19 infection (i.e., multifocal airspace opacities in the lower
lung areas, perihilar and upper lobe abnormalities in the later
stage).> 3 If the initial tests suggest suspicion for COVID-19, a
rapid test and chest computed tomography scan can be used to
establish the diagnosis. The rapid test measures the reactivity of
SARS-CoV-2 antibody in patients’ blood (i.e., IgG and IgM anti-
—SARS-CoV-2). For emergency patients, the rapid test can be
directly ordered by the neurosurgeons without consulting with the
COVID-19 team (i.e., the team assigned to provide specific man-
agement for patients with suspected COVID-19). A positive rapid
test prompts RT-PCR analysis, the gold standard for diagnosing
COVID-19.3*

Adjustment in Surgical Practices and Recent Trends at the
Outpatient Clinic

Our status as a tertiary referral hospital results in a high patient
load.® We have a long list of patients queueing up to undergo
operative procedures. In some cases, a tumor patient can wait
for up to 6 months for surgery. Consequently, we decided not to
eliminate elective surgical procedures during the pandemic. We
were aware that this practice is not in line with the
recommendation published by the Indonesian Society of
Neurological Surgeons suggesting that hospitals postpone all
elective procedures.®® We were afraid that such a policy would
lengthen waiting periods and lead to worsening of patients’
conditions, which might further increase the patient load in the
future. Later, it became clear that our policy was aligned with a
recommendation from Burke et al.,” who suggested that
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eliminating elective surgery is not compulsory until a hospital
needs substantial aid from external institutions.

Nonetheless, early in phase 2 we reduced the number of elective
surgical procedures (Figure 3). One reason for this reduction was
the hospital’s policy of allocating only 2 spots in the intensive care
unit for postoperative neurosurgical patients. This was meant to
prepare for a surge of COVID-19 critical patients. Burke et al.”
recommended that a hospital reduce the number of elective
surgeries by 25% when it has a total of 10—99 community cases
or 7—16 COVID-19 inpatients. By the time we reduced the num-
ber of elective procedures, we had 55 cases in Yogyakarta and 3
COVID-19 inpatients.

Another significant issue affecting the number of elective pro-
cedures was the poor availability of personal protective equipment
(PPE) in our hospital. It is recommended that surgeons who are
performing an operative procedure for a suspected patient or
confirmed cases use level-3 PPE, including Ng5 masks or equiva-
lent, coverall gowns, boots, face shields, and other standard sur-
gical protective gear.>® Unfortunately, the hospital was struggling
to provide sufficient PPE, especially in the early phase of the
outbreak, a problem that also occurred globally.?” This issue
started to improve in the second week of April 2020. The
government and related stakeholders increased their efforts to
meet the demand. In addition, there was support from
nongovernmental organization and individuals. The improved
PPE availability increased the safety of the procedure, which
might explain the increased number of elective surgical
procedures after the second week of April 2020.

As for the emergency cases, the decline could also be seen early
in phase 2 (Figure 3), possibly caused, at least in part, by the
government’s  “stay at home” recommendation. This
recommendation may cause citizens to hesitate to leave their
homes, leading to a reduction in the number of traffic
accidents, a cause of emergency neurosurgery.’® Finally, such
hesitation also might inhibit the desire to visit the outpatient
clinic, resulting in the drop in outpatient visits (Figure 5).
Consequently, the working hours of staff and residents were
also reduced.

Importance of a Contingency Plan for the Next Possible Pandemic
Based on a World Health Organization guideline, every hospital
should develop an integrated hospital emergency risk manage-
ment program. This program should include continuous risk
assessment of future threats, a multihazard early warning system,
and emergency simulations to prepare for an outbreak.® One
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CONCLUSION

COVID-19 is having a deleterious impact on the stability of global
public health, including neurosurgical services. Our hospital in
Yogyakarta, Indonesia has been affected by the pandemic, espe-
cially in the early phase. Several factors, such as the government’s
slow response, the inadequacy of PPE, and low testing rate, have
hindered the management of neurosurgical patients during
COVID-19 pandemic. To help us understand the extent of the
impact, we used a 4-phase model of the outbreak. In phase 2,
when the first case was detected in Yogyakarta, there was a decline
in the numbers of both emergency and elective surgical proced-
ures. The number of outpatients was also decreased. Using this
model, we also expected to produce a clear strategy for improving
the management of neurosurgical patients during the pandemic
by reducing the number of surgical procedures and advocating for
an adequate supply of PPE to stakeholders. In the future, a
comprehensive plan can enhance both utilization and safety of the
neurosurgical staff.

CRediT AUTHORSHIP CONTRIBUTION STATEMENT

Wiryawan Manusubroto: Conceptualization, Data curation,
Formal analysis, Investigation, Methodology, Writing - original
draft, Writing - review & editing. Adiguno Suryo Wicaksono:
Conceptualization, Formal analysis, Methodology, Project
administration, Writing - original draft. Daniel Agriva Tamba:
Conceptualization, Data curation, Investigation, Software, Visu-
alization, Writing - original draft. Paulus Sudiharto: Supervision,
Validation, Writing - review & editing. Handoyo Pramusinto:
Formal analysis, Resources. Rachmat Andi Hartanto: Resources.
Endro Basuki: Supervision, Validation, Writing - review & editing.

responses: Indonesia. Available at: https://www.
csis.org/programs/southeast-asia-program/
southeast-asia-covid-19-tracker-o. Accessed April
16, 2020. Published 2020.

kemkes.go.id/article/view/20030200009/dua-pasien-
positif-covid-19-dirawat-di-rspi-sulianti-saroso.html.
Accessed March 31, 2020.

. World Health Organization. Coronavirus disease

(COVID-19) pandemic. Available at: https://www.
who.int/emergencies/diseases/novel-coronavirus-
2019. Accessed March 31, 2020.

intervention, Indonesia could have 71,000 COVID-19
cases by April’s end. The Conversation. Available at:
https://theconversation.com/without-major-interve
ntion-indonesia-could-have-71-ooo-covid-19-cases-
by-aprils-end-134239. Accessed April 1, 2020.

. Center for Strategic and International Studies.

Southeast Asia COVID-19 tracker: National

. Elyazar I, Nasir S, Sumowidagdo S. Without major 6. Ministry of Health of The Republic of Indonesia.

Kesiapsiagaan menghadapi Infeksi COVID-1g.
Available at: https://www.kembkes.go.id/article/
view/20012900002/Kesiapsiagaan-menghadapi-
Infeksi-Novel-Coronavirus.html. Accessed April
1, 2020.

7. The Indonesian Ministry of Health. Guidelines for

large-scale social restrictions in order to accelerate

WORLD NEUROSURGERY 140: E360-e366, AususT 2020

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY

E365


https://www.kemkes.go.id/article/view/20030200009/dua-pasien-positif-covid-19-dirawat-di-rspi-sulianti-saroso.html
https://www.kemkes.go.id/article/view/20030200009/dua-pasien-positif-covid-19-dirawat-di-rspi-sulianti-saroso.html
https://www.kemkes.go.id/article/view/20030200009/dua-pasien-positif-covid-19-dirawat-di-rspi-sulianti-saroso.html
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref3
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref3
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref3
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref3
https://theconversation.com/without-major-intervention-indonesia-could-have-71-000-covid-19-cases-by-aprils-end-134239
https://theconversation.com/without-major-intervention-indonesia-could-have-71-000-covid-19-cases-by-aprils-end-134239
https://theconversation.com/without-major-intervention-indonesia-could-have-71-000-covid-19-cases-by-aprils-end-134239
https://www.csis.org/programs/southeast-asia-program/southeast-asia-covid-19-tracker-0
https://www.csis.org/programs/southeast-asia-program/southeast-asia-covid-19-tracker-0
https://www.csis.org/programs/southeast-asia-program/southeast-asia-covid-19-tracker-0
https://www.kemkes.go.id/article/view/20012900002/Kesiapsiagaan-menghadapi-Infeksi-Novel-Coronavirus.html
https://www.kemkes.go.id/article/view/20012900002/Kesiapsiagaan-menghadapi-Infeksi-Novel-Coronavirus.html
https://www.kemkes.go.id/article/view/20012900002/Kesiapsiagaan-menghadapi-Infeksi-Novel-Coronavirus.html
www.journals.elsevier.com/world-neurosurgery

WIRYAWAN MANUSUBROTO ET AL.

ORIGINAL ARTICLE

NEUROSURGERY SERVICES IN INDONESIA DURING THE COVID-19 PANDEMIC

10.

II.

12.

13.

14.

15.

16.

17.

18.

19.

handling of COVID-19. Available at: https://peraturan.
bpk.go.id/Home/Details/135220/permenkes-no-
9-tahun-2020. Accessed April 5, 2020.

. Wicaksono AS, Tamba DA, Sudiharto P, et al.

Neurosurgery residency program in Yogyakarta,
Indonesia: improving neurosurgical care distri-
bution to reduce inequality. Neurosurg Focus. 2020;
48:Es.

. Dr. Sardjito. General Hospital profile. Available

at: https://sardjito.co.id/profil/. Accessed April 12,
2020.

Ma Y, Zhao Y, Liu J, et al. Effects of temperature
variation and humidity on the death of COVID-19
in Wuhan, China. Sci Total Environ. 2020;724:
138226.

Ji Y, Ma Z, Peppelenbosch MP, Pan Q. Potential
association between COVID-19 mortality and
health-care resource availability. Lancet Glob Health.
2020;8:e480.

Kondziolka D, Couldwell WT, Rutka JT. Intro-
duction. On pandemics: the impact of COVID-19
on the practice of neurosurgery [e-pub ahead of
print]. ] Neurosurg. April 2020 https://doi.org/1o.
3171/2020.3.JNS201007, accessed April 15, 2020.

Burke JF, Chan AK, Mummaneni V, et al. Letter:
The coronavirus disease 2019 global pandemic: a
neurosurgical treatment algorithm [e-pub ahead
of print]. Neurosurgery. April 2020 https://doi.org/
10.1093/neuros/nyaar:6, accessed April 11, 2020.

Zoia C, Bongetta D, Veiceschi P, et al. Neurosur-
gery during the COVID-19 pandemic: update from
Lombardy, Northern Italy. Acta Neurochir (Wien).
2020;162:1221-1222.

The Indonesian Ministry of Health. The Decree of
Indonesian Minister of Health on the network of
COVID-19  diagnostic  laboratories.  https://
infeksiemerging.kemkes.go.id/download/SK Jejar
ing_Lab_Covid-19.pdf. Accessed April 1, 2020.

World Health Organization. Laboratory Biosafety
Manual. 3rd ed. Geneva: World Health Organiza-
tion; 2004.

World Health Organization (WHO). Coronavirus
disease 2019 (COVID-19): Situation Report 4:
Indonesia. Available at: https://www.who.int/
docs/default-source/searo/indonesia/covidrg/who-
situation-report-4.pdf?sfursn=y7afrif_2. Accessed
April 18, 2020.

Provincial Government of the Special Region of
Yogyakarta. COVID-19—related data in Yogya-
karta. Available at: https://corona.jogjaprov.go.id/
data-statistik. Accessed April 13, 2020.

Indonesian National Disaster Mitigation Agency.
Situasi Virus Corona. Available at: https://www.
covidrg.go.id/situasi-virus-corona/. Accessed
April 14, 2020.

20.

2I.

22,

23.

24.

25.

26.

27.

28.

29.

30.

3I.

The Jakarta Department of Health. Jakarta COVID-
19 monitoring data. Available at: https://corona.
jakarta.go.id/id. Accessed March 15, 2020.

The Indonesian Ministry of Health. Wilayah
Indonesia dengan Transmisi Lokal. Available at:
https://infeksiemerging.kemkes.go.id/. Accessed
April 14, 2020.

The Indonesian Ministry of Health. Pedoman
Pencegahan dan Pengendalian Coronavirus Dis-
ease (COVID-19). Available at: https://www.
kemkes.go.id/resources/download/info-terkini/
COVID-19  dokumen  resmi/2  Pedoman
Pencegahan dan Pengendalian Coronavirus
Disease (COVID-19).pdf. Accessed April 11, 2020.

Indonesian Heart Association. Petunjuk Pencegahan
Penularan COVID-19 untuk Petugas Kesehatan. Avail-
able at: http://www.inaheart.org/news_and_events/
news/2020/3/26/petunjuk_pencegahan_penularan_
covid-19_untuk_petugas_kesehatan. Accessed April
1, 2020.

Ben Phillips. Getting the numbers on coronavirus
in Indonesia. Indonesia at Melbourne. Available
at: https://indonesiaatmelbourne.unimelb.edu.au/
getting-the-numbers-on-coronavirus-in-indonesia/.
Accessed April 14, 2020.

da Costa AB, Widianto S. Indonesia reports most
coronavirus cases in Southeast Asia. Reuters.
Available at: https://www.reuters.com/article/us-
health-coronavirus-indonesia/indonesia-reports-
most-coronavirus-cases-in-southeast-asia-idUSK
BN21Z14Z. Accessed April 17, 2020.

Wolfel R, Corman VM, Guggemos W, et al.
Virological assessment of hospitalized patients
with COVID-2019 [e-pub ahead of print]. Nature.
April 2020 https://doi.org/10.1038/541586-020-
2196-%, accessed April 5, 2020.

Cheng PKC, Wong DA, Tong LKL, et al. Viral
shedding patterns of coronavirus in patients with
probable severe acute respiratory syndrome. Lan-
cet. 2004;363:1699-1700.

Arons MM, Hatfield KM, Reddy SC, et al. Pre-
symptomatic SARS-CoV-2 infections and trans-
mission in a skilled nursing facility [e-pub ahead
of print]. N Engl ] Med. April 2020 https://doi.org/
10.1056/NEJMo02a2008457, accessed April 25, 2020.

Suhartono H. Indonesia ramps up virus testing as
new infections surge. Bloomberg. Available at:
https://www.bloomberg.com/news/articles/2020-
04-13/indonesia-a-hidden-virus-hotspot-with-new-
infections-surging. Accessed April 16, 2020. Pub-
lished 2020.

Gandhi M, Yokoe DS, Havlir DV. Asymptomatic
transmission, the Achilles’ heel of current strate-
gies to control Covid-19 [e-pub ahead of print]. N
Engl J Med. April 2020 https://doi.org/10.1056/
nejme2009758, accessed April 26, 2020.

Qin C, Zhou L, Hu Z, et al. Dysregulation of im-
mune response in patients with COVID-19 in

32.

33:

34.

35

36.

37-

38.

39-

Wuhan, China [e-pub ahead of print]. Clin Infect
Dis. March 2020 https://doi.org/10.1093/cid/
ciaa248, accessed April 1, 2020.

Wang D, Hu B, Hu C, et al. Clinical characteristics
of 138 hospitalized patients with 2019 novel
coronavirus-infected pneumonia in Wuhan,
China. JAMA. 2020;323:1061-1069.

Hosseiny M, Kooraki S, Gholamrezanezhad A,
Reddy S, Myers L. Radiology perspective of coro-
navirus disease 2019 (COVID-19): lessons from
severe acute respiratory syndrome and Middle East
respiratory syndrome. Am ] Roentgenol. 2020;214:
1078-1082.

Tahamtan A, Ardebili A. Real-time RT-PCR in
COVID-19 detection: issues affecting the results.
Expert Rev Mol Diagn. 2020;20:453-454.

Indonesian Society of Neurological Surgeons.
Recommendation for Neurosurgery Services During
COVID-19 Pandemic. Available at: http://www.ins.
or.id/assets/uploads/news/d67aa-final_perspebsi-
covid_21.04.2020.pdf. Accessed April 14, 2020.

Indonesian National Disaster Mitigation Agency.
Rekomendasi Standar Penggunaan APD untuk
Penanganan COVID-19 di Indonesia. Available at:
https://covidig.go.id/p/protokol/rekomendasi-stand
ar-penggunaan-apd-untuk-penanganan-covid-19-di-
indonesia-revisi-1. Accessed April 1, 2020.

Chaib F. Shortage of personal protective equipment
endangering health workers worldwide. World
Health Organization. Available at: https://www.
who.int/news-room/detail/03-03-2020-shortage-of-
personal-protective-equipment-endangering-health-
workers-worldwide. Accessed April 11, 2020.

Dewan MC, Rattani A, Gupta S, et al. Estimating
the global incidence of traumatic brain injury [e-
pub ahead of print]. ] Neurosurg. April 2020 https://
doi.org/10.3171/2017.10.JNS17352, accessed April
2, 2020.

World Health Organization. Hospital preparedness
for epidemics. Available at: https://www.who.int/
publications-detail/hospital-preparedness-for-epid
emics. Accessed April 6, 2020.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 25 April 2020; accepted 13 May 2020

Citation: World Neurosurg. (2020) 140:e360-e366.
https.//doi.org/10.1016/j.wneu.2020.05.124

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

Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2020 Elsevier Inc. All
rights reserved.

E366

WWW.SCIENCEDIRECT.coM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WNEU.2020.05.124


https://peraturan.bpk.go.id/Home/Details/135220/permenkes-no-9-tahun-2020
https://peraturan.bpk.go.id/Home/Details/135220/permenkes-no-9-tahun-2020
https://peraturan.bpk.go.id/Home/Details/135220/permenkes-no-9-tahun-2020
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref8
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref8
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref8
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref8
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref8
https://sardjito.co.id/profil/
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref10
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref10
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref10
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref10
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref11
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref11
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref11
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref11
https://doi.org/10.3171/2020.3.JNS201007
https://doi.org/10.3171/2020.3.JNS201007
https://doi.org/10.1093/neuros/nyaa116
https://doi.org/10.1093/neuros/nyaa116
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref14
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref14
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref14
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref14
https://infeksiemerging.kemkes.go.id/download/SK_Jejaring_Lab_Covid-19.pdf
https://infeksiemerging.kemkes.go.id/download/SK_Jejaring_Lab_Covid-19.pdf
https://infeksiemerging.kemkes.go.id/download/SK_Jejaring_Lab_Covid-19.pdf
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref16
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref16
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref16
https://www.who.int/docs/default-source/searo/indonesia/covid19/who-situation-report-4.pdf?sfvrsn=77af11f_2
https://www.who.int/docs/default-source/searo/indonesia/covid19/who-situation-report-4.pdf?sfvrsn=77af11f_2
https://www.who.int/docs/default-source/searo/indonesia/covid19/who-situation-report-4.pdf?sfvrsn=77af11f_2
https://www.who.int/docs/default-source/searo/indonesia/covid19/who-situation-report-4.pdf?sfvrsn=77af11f_2
https://corona.jogjaprov.go.id/data-statistik
https://corona.jogjaprov.go.id/data-statistik
https://www.covid19.go.id/situasi-virus-corona/
https://www.covid19.go.id/situasi-virus-corona/
https://corona.jakarta.go.id/id
https://corona.jakarta.go.id/id
https://infeksiemerging.kemkes.go.id/
https://www.kemkes.go.id/resources/download/info-terkini/COVID-19%20dokumen%20resmi/2%20Pedoman%20Pencegahan%20dan%20Pengendalian%20Coronavirus%20Disease%20(COVID-19).pdf
https://www.kemkes.go.id/resources/download/info-terkini/COVID-19%20dokumen%20resmi/2%20Pedoman%20Pencegahan%20dan%20Pengendalian%20Coronavirus%20Disease%20(COVID-19).pdf
https://www.kemkes.go.id/resources/download/info-terkini/COVID-19%20dokumen%20resmi/2%20Pedoman%20Pencegahan%20dan%20Pengendalian%20Coronavirus%20Disease%20(COVID-19).pdf
https://www.kemkes.go.id/resources/download/info-terkini/COVID-19%20dokumen%20resmi/2%20Pedoman%20Pencegahan%20dan%20Pengendalian%20Coronavirus%20Disease%20(COVID-19).pdf
https://www.kemkes.go.id/resources/download/info-terkini/COVID-19%20dokumen%20resmi/2%20Pedoman%20Pencegahan%20dan%20Pengendalian%20Coronavirus%20Disease%20(COVID-19).pdf
http://www.inaheart.org/news_and_events/news/2020/3/26/petunjuk_pencegahan_penularan_covid-19_untuk_petugas_kesehatan
http://www.inaheart.org/news_and_events/news/2020/3/26/petunjuk_pencegahan_penularan_covid-19_untuk_petugas_kesehatan
http://www.inaheart.org/news_and_events/news/2020/3/26/petunjuk_pencegahan_penularan_covid-19_untuk_petugas_kesehatan
https://indonesiaatmelbourne.unimelb.edu.au/getting-the-numbers-on-coronavirus-in-indonesia/
https://indonesiaatmelbourne.unimelb.edu.au/getting-the-numbers-on-coronavirus-in-indonesia/
https://www.reuters.com/article/us-health-coronavirus-indonesia/indonesia-reports-most-coronavirus-cases-in-southeast-asia-idUSKBN21Z14Z
https://www.reuters.com/article/us-health-coronavirus-indonesia/indonesia-reports-most-coronavirus-cases-in-southeast-asia-idUSKBN21Z14Z
https://www.reuters.com/article/us-health-coronavirus-indonesia/indonesia-reports-most-coronavirus-cases-in-southeast-asia-idUSKBN21Z14Z
https://www.reuters.com/article/us-health-coronavirus-indonesia/indonesia-reports-most-coronavirus-cases-in-southeast-asia-idUSKBN21Z14Z
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1038/s41586-020-2196-x
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref27
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref27
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref27
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref27
https://doi.org/10.1056/NEJMoa2008457
https://doi.org/10.1056/NEJMoa2008457
https://www.bloomberg.com/news/articles/2020-04-13/indonesia-a-hidden-virus-hotspot-with-new-infections-surging
https://www.bloomberg.com/news/articles/2020-04-13/indonesia-a-hidden-virus-hotspot-with-new-infections-surging
https://www.bloomberg.com/news/articles/2020-04-13/indonesia-a-hidden-virus-hotspot-with-new-infections-surging
https://doi.org/10.1056/nejme2009758
https://doi.org/10.1056/nejme2009758
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1093/cid/ciaa248
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref32
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref32
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref32
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref32
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref33
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref33
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref33
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref33
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref33
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref33
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref34
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref34
http://refhub.elsevier.com/S1878-8750(20)31095-0/sref34
http://www.ins.or.id/assets/uploads/news/d67aa-final_perspebsi-covid_21.04.2020.pdf
http://www.ins.or.id/assets/uploads/news/d67aa-final_perspebsi-covid_21.04.2020.pdf
http://www.ins.or.id/assets/uploads/news/d67aa-final_perspebsi-covid_21.04.2020.pdf
https://covid19.go.id/p/protokol/rekomendasi-standar-penggunaan-apd-untuk-penanganan-covid-19-di-indonesia-revisi-1
https://covid19.go.id/p/protokol/rekomendasi-standar-penggunaan-apd-untuk-penanganan-covid-19-di-indonesia-revisi-1
https://covid19.go.id/p/protokol/rekomendasi-standar-penggunaan-apd-untuk-penanganan-covid-19-di-indonesia-revisi-1
https://www.who.int/news-room/detail/03-03-2020-shortage-of-personal-protective-equipment-endangering-health-workers-worldwide
https://www.who.int/news-room/detail/03-03-2020-shortage-of-personal-protective-equipment-endangering-health-workers-worldwide
https://www.who.int/news-room/detail/03-03-2020-shortage-of-personal-protective-equipment-endangering-health-workers-worldwide
https://www.who.int/news-room/detail/03-03-2020-shortage-of-personal-protective-equipment-endangering-health-workers-worldwide
https://doi.org/10.3171/2017.10.JNS17352
https://doi.org/10.3171/2017.10.JNS17352
https://www.who.int/publications-detail/hospital-preparedness-for-epidemics
https://www.who.int/publications-detail/hospital-preparedness-for-epidemics
https://www.who.int/publications-detail/hospital-preparedness-for-epidemics
https://doi.org/10.1016/j.wneu.2020.05.124
www.journals.elsevier.com/world-neurosurgery
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.2020.05.124

