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Abstract
Introduction: It has been 17  years since the severe acute respiratory syndrome outbreak and 
Singapore is facing yet another daunting pandemic  –  the novel coronavirus  (COVID‑19).  To 
date, there are 57,607  cases and 27 casualties. This deadly pandemic requires significant changes 
especially in the field of awake surgeries for intra‑axial tumors that routinely involve long clinic 
consults, significant interactions between patient and multiple other team members pre, intra, and 
postoperatively. Materials and Methods: A retrospective review of all awake cases done during the 
COVID‑19 pandemic from February to June 2020 was done. In this article, we outline the rigorous 
measures adopted during the COVID‑19 pandemic that has allowed us to proceed with awake 
surgeries and intraoperative mapping at our institution. Results and Discussion: We have divided 
the protocol into various phases of care of patients planned for an awake craniotomy. Preoperatively, 
teleconsults have been used where possible thereby limiting multiple hospital visits and interaction. 
Intraoperatively, safety nets have been established during asleep‑awake‑asleep phases of awake 
craniotomy for all the team members. Postoperatively, early discharge and teleconsult are being 
employed for rehabilitation and follow‑ups. Conclusions: Multiple studies have shown that with 
intraoperative mapping, we can improve neurological outcomes. As the future of the pandemic 
remains unknown, the authors believe that surgical treatment should not be delayed for intracranial 
tumors. Awake craniotomies and intraoperative mapping can be safely carried out by adopting the 
described protocols with combination of multiple checkpoints and usage of telecommunication.
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Introduction
Singapore experienced the outbreak of 
severe acute respiratory syndrome  (SARS) 
in 2003 which led to a total of 238  cases 
with 33 fatalities. Multiple chains of 
transmissions were identified, and after 
aggressive implementation of stringent 
measures with surveillance, isolation, 
and quarantine policy, the disease was 
eventually contained.[1] It has been 17 years 
since the SARS outbreak, and Singapore 
is facing yet another daunting pandemic, 
novel coronavirus  (COVID‑19). The first 
case was reported on January 23, 2020, 
and at the time of writing this article, we 
have confirmed 57,607  cases with 27 
mortalities.[2] A government multiministry 
taskforce was assembled on January 22, 
2020, to direct and coordinate the nation’s 
efforts in response to the outbreak.[3]

The government escalated the risk 
assessment from DOSCORN from yellow 

to orange on February 7, 2020, in view of 
the increasing number of unlinked cases 
in the community.[4] A series of “circuit 
breaker”  (a local term for lockdowns) 
measures have been introduced at regular 
intervals with aim to contain the disease in 
the community.[4] The Ministry of Health 
published guidelines for the health‑care 
sector on April 4, 2020,[5] detailing a list 
of essential and nonessential procedures, 
the latter is the ones which must be 
postponed until the circuit breaker measures 
have been removed. Excision of primary 
and secondary intracranial tumors is 
allowed. Various hospitals have placed 
strict guidelines about patient assessment, 
availability of adequate protective gear 
for all health‑care staff involved, and 
early discharge to prevent any potential 
transmission.

Latest developments in the understanding 
of eloquence of the brain neuronal 
networks and neuronal plasticity have 
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allowed us to perform resection of primary and secondary 
tumors located in the eloquent cortex without causing 
significant neurological deficits.[6‑8] For the past 5  years, 
our institution has developed our own local protocol for 
awake surgery and asleep mapping in the resection of 
intra‑axial supratentorial tumors. We have recently shown 
that systematic and individually tailored multimodal 
workflow to cortico‑subcortical mapping and monitoring 
allows for safe resection of both primary and secondary 
brain tumors.[9] A multidisciplinary team consisting of a 
neurosurgeon, neuroanesthetist, neuropsychologist, speech 
therapist, and neurophysiologist is involved in the care 
of the patient right from the first encounter. The patient 
will be evaluated by the anesthetist for anesthetic risks 
and suitability for awake surgery. Our neuropsychologist 
performs a baseline neuropsychological assessment and a 
rehearsal of expected intraoperative evaluation if surgery 
is being done awake. As our institution does not have an 
inhouse neurophysiologist, we engage the services of a 
commercial neuromonitoring company to assist with the 
intraoperative electromyographies and somatosensory 
evoked potentials/motor evoked potentials recordings. 
The average duration of an awake surgery commonly 
lasts around 6  h  (skin to skin), depending on the size of 
tumor. Postoperatively, the patients will be seen by a 
team of rehabilitation doctors and allied health  (speech, 
occupational, and physiotherapists), whereby they will 
undergo aggressive speech and general rehabilitation. The 
measures introduced during COVID‑19 pandemic require 
significant changes to the described protocol. In this article, 
we have outlined the various stages in the preparation of 
patients undergoing resection of intra‑axial tumors and 
postoperative management among the COVID‑19 pandemic 
in our institution. We also present our own experience in 
utilizing this protocol during this period.

Materials and Methods
Preoperative evaluation and timing of surgery

Since the onset of the “circuit breaker,” all health‑care 
workers in our institution are divided into 2 separate 
teams  (inpatient and outpatient team) to mitigate cross 
infections. Clinic cases are screened by the neurosurgery 
senior resident rostered to the outpatient team. Conditions 
such as tumors are given priority for clinic visits. A  few 
days before the clinic consultation, a special COVID‑19 
advisory in the form of an automated text message is 
forwarded to patients. In this way, patients and their 
accompanying family member  (restricted to one per 
patient) are preevaluated for the presence of any respiratory 
symptoms before their review in the clinic. In addition, 
they are required to declare if they have been contact 
traced by the Ministry of Health due to potential exposure 
to the virus. On the day of the appointment, all patients and 
only 1 accompanying person will undergo a temperature 
screen and symptom check as well as are asked about 

recent travel history. Clinic waiting rooms have been 
transformed to enable adherence to safe distancing 
requirements. It is mandatory that all patients wear a mask 
during the consultation. Due to limitation in the availability 
of COVID‑19 tests, screening tests such as nasal swabs are 
not conducted for patients before surgery.

In the spirit of minimizing nonessential surgical procedures 
during the worst of the COVID‑19 outbreak, patients who 
are “asymptomatic” and have been incidentally found 
on magnetic resonance imaging  (MRI) to have a likely 
low‑grade glial tumor were counseled for consideration 
of delay in their surgery with repeat surveillance imaging 
planned in 6 weeks. Although this “wait and see” approach 
is not ideal and even contrary to the recommendations of 
early excision for low‑grade gliomas,[6,10,11] it is deemed a 
necessary step to be taken during the pandemic. However, 
if they have symptoms of uncontrolled seizures, new 
neurological deficits  (for the case of high‑grade gliomas), 
or even rapid radiological progression, early surgery is 
planned. Multidisciplinary tumor board has now been 
moved to an online platform in spirit of minimizing 
interactions among different specialties.

Patients are then reviewed by the neuropsychologist. 
The assessment continues to be conducted face‑to‑face 
in the clinic due to the complexity of tests involved. 
Additional efforts are made to schedule the assessment 
on the same day as their visit to the neuroanesthetist to 
reduce unnecessary travel for the patient. On the day of 
the appointment, as detailed in the above section, the 
patient  (and accompanying family member, if any) will be 
screened for possible COVID‑19 symptoms. Should there 
be a need, the neuropsychologist will use recommended 
protective equipment as per hospital guidelines to allow for 
a safe and complete evaluation. In addition to the usage of 
compulsory face mask, a further adjustment made during 
the COVID‑19 period is to have patients who report feeling 
“under the weather” (but who do not have any of the main 
symptoms of COVID‑19) don gloves while interacting with 
neuropsychological test materials. Special care is made to 
ensure the clinic room, and test materials are disinfected 
with alcohol wipes before and after the session. Patients 
are also reviewed by a dedicated anesthesiologist through 
a teleconsult system and counseled for awake surgery. 
Routine airway assessment is performed by video. If a 
patient is unable to attend a teleconsultation, a routine 
clinic assessment is performed.

All cases are also presented to the head of department 
before their listing in the elective theaters.

Intraoperative protocols

Our institution follows a sedation protocol for awake 
craniotomies.[12,13] Patients scheduled for surgery have 
been classified as low risk, and hence, standard droplet 
precautions are taken during anesthesia with minimal 
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personnel in occupational therapy. Patients are sedated 
with dexmedetomidine and propofol to avoid airway 
manipulation and risk of aerosolizing potential virus 
particles. Techniques such as total intravenous anesthesia 
and airway devices are avoided to minimize airway 
manipulation. Patient is positioned by the neurosurgeon, 
and all electrodes are placed by the neurophysiologist.

For the surgery, surgeons wear adequate protective 
equipment including face shield  (and N95 mask) or 
protective eye equipment if loupes or microscope is not 
being used. Minimal staff is present in theater during the 
craniotomy to reduce exposure from the bone dust created.

If airway manipulation is required during the surgery such 
as during the conversion to general anesthesia, requiring 
laryngeal mask insertion or removal, the anesthesiologist 
dons airborne PPE due to the risk of aerosolization from 
bagging and airway manipulation. The neurophysiologist 
and neuropsychologist are then allowed to enter the 
operative theater, again both donning adequate PPE. This 
set up is maintained throughout the awake phase.

Patient is given a microphone to allow clarity during 
verbalization of language tasks. Due to the nature of 
the neuropsychologist’s involvement in the awake 
phase  (i.e.,  needing to interact with the patient up 
close to be able to assess response quality as well as to 
maintain motivation and boost morale), it is difficult 
to adhere to recommended safe distancing measures of 
1  m. Nevertheless, the risk of potential transmission of 
COVID‑19 is assessed to be low given the vigorous patient 
screening and usage of personal protective equipment.

When the awake phase is completed, the patient is then 
resedated but kept breathing spontaneously, and surgery is 
completed following similar protocols as per initial sleep 
phase of the surgery.

Postoperative management

All COVID‑19‑positive patients or COVID‑19 suspect 
are admitted to designate COVID‑19/pneumonia wards. 
Furthermore, significant number of high dependency 
and intensive care beds has been allocated to potential 
COVID‑19  patients. Due to the limitations in high 
dependency and intensive care beds, postoperatively 
patients are monitored in “make‑shift neurosurgery high 
dependency wards.” This refers to the management 
of patients in general wards with heightened nursing 
vigilance  (ratio of 1 trained neuro nurse to 2  patients). 
Patients undergo early rehabilitation the following day. 
This practice has not changed since pre‑COVID‑19  times. 
However, the usual rehabilitation pathway involves step 
down care to rehabilitation hospitals for the patients. Instead, 
patients are sent home around 4  days postoperatively. The 
physiotherapist will conduct a functional assessment of 
their mobility, while the occupational therapist will assess a 
patient’s ability to perform day‑to‑day tasks across various 

activities of daily living. The speech therapist will conduct 
a basic screen of a patient’s language and cognitive 
function while communicating to both patient and family 
about the patient’s recovery trajectory and goals of care 
within the first few sessions. If the rehabilitative physicians 
deem postoperative rehabilitation necessary, they would be 
transferred to an adjunct facility for a short course of their 
rehab.

Depending on their level of deficits, further outpatient 
speech therapy services may be provided through 
telepractice. This allows for service delivery at a distance 
in real time with interactive audio and video connection.[14] 
Communication treatments are well suited for telepractice 
given their audiovisual nature.[15] Patients are chosen 
based on a set of predetermined criteria, including their 
availability and access to technology, their willingness to 
receive services online, appropriate cognitive function, and 
good hearing and visual ability.

Postoperative neuropsychological assessment is typically 
conducted at 3  months. Some patients may be recalled 
earlier. For instance, if the patient is returning to 
study or employment  (i.e.,  regaining their premorbid 
societal roles), they will be offered an appointment to 
characterize their postsurgical neuropsychological status 
and for profile‑specific recommendations to their school 
or workplace. All other patients will receive a follow‑up 
phone call and have their assessment deferred for the time 
being.

Results and Discussion
Since the start of the circuit breaker measures over from 
February to June 2020, 10  patients have undergone 
resection of tumors with mapping. In 2019, number of 
patients who required awake or asleep mapping was 
10 as well. Intuitively, we expected that there would 
be a decrease in number of patients due to the measures 
introduced. With no disruption of emergency services and 
primary care centers continuing to refer patients to tertiary 
centers if deemed urgent, it did not have an impact on 
overall volume. The data were derived from departmental 
audit that has already been deidentified.

Preoperative characteristics and evaluation

Table  1 illustrates the characteristics of ten patients who 
underwent surgery during this period. Fifty percent of the 
patients had low‑grade tumors on final histology. Three of 
these patients had shown recurrence of tumor on follow‑up 
imaging. The other two patients presented with signs and 
symptoms of decompensation in the form of new‑onset 
seizures and progressive neurology. Hence, after discussion 
with the patients, decision was made to proceed with 
surgical resection of these tumors.

Except for two patients who presented to the emergency 
department, all other patients only had a 2–3 visits 
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before their admission for surgery. These included one 
visit with the neurosurgeon for evaluation and consent, 
one visit where they were evaluated by the anesthetist 
and neuropsychologist. If patient was unable to make a 
decision during the clinic visit, they e‑mailed the consultant 
neurosurgeon if they agreed to proceed with the operation. 
Any further clarifications were made through phone 
consults before their admission. Additional cooperation 
from our medical oncology colleagues allowed us to review 
the two cases of metastatic tumors in the same clinic visit 
with the oncologist, thus minimizing recurrent trips to the 
hospital. This contrasts with the pre‑COVID‑19 era, where 
each patient was expected to have at least 4–5 visits. 
Any internal referrals from medical oncology required 
scheduling of visit on a separate clinic day and repeat of 
the process illustrated prior.

Reduction of clinic visits during these times has allowed 
us to now streamline the processes as we enter the 
post‑COVID‑19 era in preoperative evaluation. The clinic 
managers now aim at coordinating the anesthesia and 
neuropsychologist review on the same day. Feasibility of 
online communicating platforms has allowed early review 
of cases at the multidisciplinary board to reduce the lead 
time to treatment.

Intraoperative protocols and experience

Five patients underwent awake craniotomy and resection of 
the tumors. Other five patients underwent asleep mapping. 
Patients undergoing awake craniotomy completed all tasks 
without any issues intraoperatively despite the changes in 
protocols and decrease number of personnel in the operating 
theater. Any procedures required for airway manipulation 
intraoperatively required the surgeon to leave the theater. 

The surgical team would then remain in the adjoining scrub 
room until all airway manipulation has been completed.

With the assistance of a microphone, language tasks were 
completed and did not require the neuropsychologist 
to be in close proximity with the patient. The usage of 
microphone was implemented as part of COVID‑19 
measures. We realized that the microphone provided clarity 
of the sound under the drapes and ability of the surgeon to 
hear the exchange clearly. Henceforth, we have made the 
usage of microphone compulsory for all awake procedures.

Although asleep mapping did not require significant 
personnel interaction or manipulation of airway, strict 
protocols were still followed to minimize the number 
of people in the operating theater to prevent any cross 
contamination. Overall, the risks of aerosolization were 
considered low due to the rigorous screening preoperatively 
as described in the protocol.

Postoperative outcomes and rehabilitation

Barring the two patients who suffered postoperative 
complications, all patients were transferred to the 
“make‑shift neurosurgery high dependency wards.” This 
required training of the nursing staff to assess for possible 
complications in the first 24  h in a general ward setting 
with closer monitoring. All patients remained stable in these 
wards with no requirement of escalation of monitoring or 
transfer to intensive care unit.

One patient developed intractable seizures that required 
prolonged intubation and was transferred to intensive care 
unit postoperatively. He was extubated on postoperative 
day 3 and transferred to the general ward on day 5. The 
other patient was found to be intermittently drowsy in 

Figure 1: (a) General workflow after referral for supratentorial brain tumor. Significant multiple visits were involved at various stages of the counseling 
(b) New workflow after implementation of changes due to COVID‑19

ba
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the postoperative anesthesia care unit with uncontrolled 
hypertension. A  repeat scan showed the presence of a 
lobar hematoma which was evacuated. Subsequently, his 
postoperative recovery was uneventful.

Before the implementation of this protocol, surgeries were 
occasionally canceled in the event; no high dependency 
bed was available. With the availability of nursing 
personnel and monitoring equipment in a general ward 
setting, the presence of a high dependency bed is no longer 
a requirement to proceed with an elective procedure.

On postoperative day 1, all patients underwent an early 
MRI. The “clean cases” were imaged first in our hospital 
to prevent any cross contamination from the suspect cases 
from other specialized. They were immediately assessed by 
the physiotherapist and speech therapist after completion of 
any scheduled imaging or procedures. Formal physiotherapy 
was then started on postoperative day 2. Speech therapy 
assessment and rehabilitation were started on postoperative 
day 1 including swallowing and language assessment.

Apart from the 2 patients with postoperative complications, 
all patients were discharged within 5  days postoperatively. 
Speech therapy visits were done through online 
telecommunication platform. A  follow‑up phone consult 
was conducted by the neuropsychologist while awaiting 
formal 3‑month assessment. Surgical wound review, 
postoperative evaluation, and assessment for further 
adjuvant chemo and radiotherapy were done in a single 
clinic visit.

Pre‑COVID‑19, no formal assessment was done by the 
physiotherapist until the patient was transferred to the 
general ward, usually on postoperative day 2. This led to a 
delay in initiation of rehabilitation to day 3 or 4 depending 
on the timing of the first assessment. While in the high 
dependency, speech therapy assessment was only limited to 
swallowing. Speech rehabilitation was initiated in general 
ward once patient was deemed medically fit for discharge 
or for transfer to rehabilitation hospital. The culmination of 
these small temporal delays resulted in significant overall 
postponement of discharge, rehabilitation, and follow‑ups. 
Learning from this experience that required a time‑sensitive 
decision‑making, several discussions are being carried out 
between neurosurgery and the department of rehabilitation 
to allow early assessment and initiation of rehabilitation in 
these patients.

Figure 1 shows the differences between the workflows after 
the implementation of changes during COVID‑19.

Conclusions
Since the implementation of the circuit breaker, our 
local transmitted cases have dropped to single digit in 
the community. With gradual opening of economy and 
movement of Singapore to “Phase 2,” an increase in 
community numbers are expected with possible larger 

clusters unfolding. Being part of the National University 
Cancer Institute, we continue to see a significant number 
of patients with brain tumors. The straightforward 
answer to the management of intra‑axial tumors during 
COVID‑19 pandemic would require reverting to standard 
craniotomy and performing a conservative resection 
without mapping. However, multiple studies have shown 
that with intraoperative mapping, we can improve 
neurological outcomes and subsequent quality of life by 
maximizing the extent of resection and limiting damage 
to eloquent brain. Since the beginning of circuit breaker 
measures, we have safely performed awake craniotomies 
with no evidence of COVID‑19 transmission among the 
health‑care professionals involved. We believe by adopting 
the described protocols with combination of multiple 
checkpoints, and usage of telecommunication allows us 
to proceed with safe intraoperative mapping during this 
pandemic.
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