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Background: During the coronavirus 19 (COVID-19) pandemic, physicians have begun adapting their
daily practices to prevent transmissions. In this study we aimed to provide surgical neuro-oncologists
with practice guidelines during the COVID-19 pandemic based on objective data from a high-volume
brain tumor surgeon at the current COVID-19 epicenter.
Methods: All outpatient visits and surgeries performed by the senior author during the COVID-19 pan-
demic were compared between the initial quarantine (3/23/20–5/4/20), the plateau period following
quarantine (5/5/20–6/27/20), and the second peak (6/28/20–7/20/20). In-person and telemedicine visits
were evaluated for crossovers. Surgeries were subdivided based on lesion type and evaluated across the
same time period.
Results: From 3/23/20–7/20/20, 469 clinic visits and 196 surgeries were identified. After quarantine was
lifted, face-to-face visits increased (P < 0.01) yet no change in telehealth visits occurred. Of 327 telehealth
visits, only 5.8% converted to in-person during the 4-month period with the most cited reason being
patient preference (68.4%). Of the 196 surgeries performed during the pandemic, 29.1% occurred during
quarantine, 49.0% during the plateau, and 21.9% occurred in the second peak. No COVID negative patients
developed symptoms at follow-up. 55.6% were performed on malignant tumors and 31.6% were benign
with no difference in case volumes throughout the pandemic.
Conclusions: Despite exceptional challenges, we have maintained a high-volume surgical neuro-oncology
practice at the epicenter of the COVID-19 pandemic. We provide the protocols implemented at our insti-
tution in order to maximize neuro-oncology care while mitigating risk of COVID-19 exposure to both
patients and providers.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

The coronavirus disease (COVID-19) has now infected over 60
million people and has led to nearly 1.5 million deaths globally
as November 2020 comes to a close [1]. During this extraordinary
health crisis, physicians have altered their daily clinical practices in
an attempt to combat the disease. Surgeons and interventionalists
have only been performing urgent, time-sensitive procedures and
most have begun utilizing telehealth for outpatient visits to pre-
vent transmission [2,3]. In some of the most affected areas, many
subspecialists have even redirected their efforts towards direct
COVID patient care [4,5]. These alterations have had significant
implications for the neuro-oncology patient who often cannot wait
several weeks to undergo treatment. In this study, we demonstrate
the feasibility of maintaining a high-volume neuro-oncology prac-
tice throughout the COVID-19 pandemic. We also provide opera-
tive and clinical guidelines for other surgical neuro-oncologists
during these unprecedented times.

2. Material and methods

A retrospective review of the senior author’s (RJK) outpatient
clinic visits and surgeries during the COVID-19 pandemic (3/23/20
to 7/20/20) was performed. Telemedicine visits were defined by
the Current Procedural Terminology (CPT) codes G2010/2012 or
the usage of CPT modifier 95. Daily in person clinic visits, telemedi-
cine visits, and surgeries were evaluated during three time periods:
the initial quarantine period (3/23/20–5/4/20), the plateau period
following quarantine (5/5/20–6/27/20), and the second peak of
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Table 1
Comparison of Outpatient Neuro-Oncology Visit Types during the COVID-19 Pandemic.

Visit Type Overall Daily Visits
(mean, SD)

Daily Visits 3/23/20–5/4/
20 (mean, SD)

Daily Visits 5/5/20–6/27/
20 (mean, SD)

1st and 2nd periods
- P-value

Daily Visits 6/28/20–7/20/
20 (mean, SD)

2nd and 3rd periods
- P-value

In person 1.7 (2.2) 0.4 (0.9) 2.5 (2.1) <0.01 2.1 (2.8) 0.62
Telehealth 4.3 (3.4) 3.7 (3.8) 3.7 (3.1) 0.97 4.9 (3.5) 0.23

Fig. 1. Average Weekly Clinic Volume Stratified by In Person and Telehealth Visits during the Pandemic. Dotted lines represent transitions from one pandemic period to the
next.
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COVID-19 cases (6/28/20–7/20/20). Telemedicine crossovers were
definedbyany in-personclinic visit followingan initial telemedicine
visit. These crossovers and the reason for in person visitation were
tabulated and reported as percentages. Continuous variables were
reported as means with standard deviations unless otherwise spec-
ified. Categorical variableswere reported using frequencies and per-
centages. Comparison of means was performed using a two-sample
t-test. A p value � 0.05 was considered statistically significant. All
data analysiswas conducted using SPSS (version 24, IBM). Pandemic
practice guidelines for the surgical neuro-oncologist were con-
structed based on these results and the protocols implemented at
our institution.
3. Results

3.1. Outpatient clinic visits

From 3/23/20–7/20/20, 469 total clinic visits were performed.
During the initial quarantine period, 129 total clinic visits occurred,
of which, 88.4% were telehealth. Average daily telehealth and in
person visits were 3.8 and 0.4, respectively. After the quarantine
was lifted and prior to the second peak, 235 clinic visits were com-
pleted. A larger proportion were in-person visits during this time
period (40.4%) and we saw a significant increase in average daily
Table 2
Reasons for Telemedicine Crossovers.

Reason Frequency (#) Percent total (%)

Patient preference 13 68.4
Suture removal 4 21.1
More detailed exam 2 10.5
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in-person visits when compared to the quarantine period (2.6,
P < 0.01). Interestingly, the proportion of daily telehealth visits
did not change. During the second peak of the pandemic, we saw
no significant change in in-person or telehealth visits when com-
pared to the plateau period. Table 1 displays these results. Fig. 1
displays the average weekly clinic visits stratified by visit type dur-
ing the pandemic.
3.2. Telemedicine crossovers

Telemedicine crossovers during the pandemic have remained
low at only 5.8%. Table 2 displays the most frequently cited reasons
crossover. Patient preference was the most common (68.4%) fol-
lowed by suture removal (21.1%) and the need for a more detailed
neurologic examination (10.5%).
4. Surgical Neuro-oncology cases

196 total surgeries were performed since the beginning of the
pandemic. 55.6% were for malignant tumors while 31.6% were
benign. The remaining 12.8% comprised mostly of hydrocephalus
and trauma. Fig. 2 illustrates the average weekly case totals over
the pandemic stratified by malignant and benign tumors. Although
there was clearly a trend towards less surgical cases during the
first and second peaks this did not reach significance. All patients
were screened for COVID-19 prior to surgery and only 3 patients
remained positive prior to intervention. Given that the Centers
for Disease Control and Prevention do not recommend repeat
screening for COVID negative, asymptomatic patients, we did not
perform repeat nasal swabs on post-operative patients prior to dis-
charge [6]. However, none of our negative patients developed coro-
navirus symptoms at follow-up.



Fig. 2. Average Weekly Surgical Volume Stratified by Malignant and Benign Tumors. Dotted lines represent transitions from one pandemic period to the next.
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5. Discussion

As the coronavirus pandemic surges on in the United States
(US), many clinicians have been forced to change multiple aspects
of their practice in order to continue to provide care while mitigat-
ing the risk of COVID-19 transmission to their patients and them-
selves [4,7]. Much of this has been centered around the use of
telemedicine as a substitute for face-to-face clinic visits [2,3,8].
However, few evidence-based COVID-19 guidelines exist for surgi-
cal neuro-oncologists who primarily deal with patients requiring
time-sensitive interventions [9]. As a result, we made an effort to
compile the currently available guidelines from various centers
across the globe.
5.1. Available COVID-19 guidelines for the Neuro-Oncology patient

Although this section is not meant to be entirely comprehensive
as new guidelines are being continually formed throughout the
COVID-19 pandemic, we felt obligated to provide some of the pro-
tocols previously utilized during these trying times.

In February 2020 amidst the early pandemic, a consensus state-
ment was created recommending that neuro-oncologists delay
surgeries whenever possible especially for those requiring endo-
scopic endonasal procedures due to the high risk of viral
aerosolization [10,11]. However, in patients with malignant
tumors or rapidly developing neurologic deficits surgery was still
prioritized [12]. In these instances, preoperative temperature
screening and performance of a rapid COVID-19 test was recom-
mended. If there was suspicion for COVID-19 positivity, then a
chest CT and nucleic acid sequencing was obtained. If they were
positive or suspected to be positive, then the patients were quaran-
tined prior to surgery [10]. Furthermore, patients were also dis-
couraged from going to hospitals or clinics for routine follow-up
visits and an emphasis was placed on remote consultation in an
effort to mitigate transmission risk [13–15]. Although much of
these recommendations have remained effective and been inte-
grated into the daily practice of neuro-oncologists worldwide, they
were developed early in the pandemic in an effort to limit the
spread of the virus with minimal objective data to support them.

Thus, as the pandemic surges on, high volume academic centers
that have remained at the forefront of both neuro-oncology and
3

the ongoing COVID-19 pandemic have become the ideal location
for refining such protocols. As such, we felt compelled to provide
updated practice guidelines for the neuro-oncology patient based
on the results of protocols we have implemented to combat the
virus [16].
5.2. Outpatient recommendations: Clinic scheduling

During the initial COVID-19 peak, the local government
enforced a city-wide quarantine that prevented all non-essential
workers from leaving their homes. In response, our department
canceled all elective clinic visits and implemented a telehealth pro-
gram so that all patients with time-sensitive neurosurgical issues
could be evaluated remotely. Face-to-face visits were limited to
those unable to do telemedicine or requiring suture removal. All
patients presenting for in-person visits were appropriately
screened for COVID-19 symptoms prior to entering the clinic and
proper personal protective equipment (PPE) and social distancing
was performed throughout each patient encounter [2–4]. As a
result, a large majority of neuro-oncology clinic visits were com-
pleted via telemedicine during this time period.

However, as cases began to plateau and the government-
mandated quarantine was lifted, our department was faced with
a conundrum. Many patients were requesting in-person visits
who did not meet our defined prerequisites. In response, we began
offering in-person visits to each patient while suggesting telemedi-
cine as the preferred method for evaluation. Interestingly, during
this plateau period we saw a significant increase in face-to-face
visits with no change in the amount of telehealth visits. As the sec-
ond peak began, we also did not see a decrease in demand for in-
person visits. Since the local government did not implement a sec-
ond quarantine, we continued this same protocol even as COVID-
19 cases began to rise in the local community. Although anecdotal,
during this entire 4-month period we have only had one neurosur-
gical clinic staff test positive for the coronavirus.

Therefore, if telemedicine is available to you, we would recom-
mend performing all of the outpatient neuro-oncology visits remo-
tely. However, if the patient requests a face-to-face encounter or
requires a more detailed neurologic exam, in-person visits should
be allowed as long as the patients are properly screened, appropri-
ate PPE is worn, and social distancing is performed.
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5.3. Outpatient recommendations: Surgical scheduling

During quarantine, all elective surgical cases were canceled. As
a result, surgery was only offered for malignant tumors, such as
gliomas and metastasis, or benign tumors causing rapidly progres-
sive neurologic deficits. Other benign tumors that required surgery
but could be postponed were intentionally delayed [4]. Although
our data showed that less surgeries for benign lesions were per-
formed during quarantine it did not reach significance. This likely
reflects selection bias as those patients with worsening neurologic
deficits who were scheduled prior to the pandemic remained on
the schedule and the other less urgent cases were then replaced
by more urgent benign tumors seen in clinic. This was all done,
in conjunction with the hospital administration, to ensure that
enough intensive care unit (ICU) beds were available should they
be needed for COVID-19 patients. As the coronavirus cases pla-
teaued, the restrictions on surgical scheduling were lifted. How-
ever, as the second peak began, and our hospital system became
overwhelmed with COVID-19 patients requiring ICU status, we
became limited to two surgical cases per day. As a result, we were
forced to choose only the most urgent of cases. This meant that all
incidentally discovered, asymptomatic benign tumors requiring
surgery were again delayed for several weeks to allow for more
time-sensitive surgeries to continue to occur.

Given all of these findings, we recommend having a candid dis-
cussion with your hospital administrators regarding ICU availabil-
ity in order to triage those patients that cannot wait to undergo
surgery. Practically speaking, this means that most gliomas, metas-
tases, and benign tumors causing neurologic decline should be
given preference over asymptomatic benign lesions.

5.4. Surgical recommendations: Patients

If you are still able to perform surgeries at your institution dur-
ing these trying times, we have several recommendations that may
help offset some of the burden on your hospital system and pre-
vent any unwanted coronavirus transmissions. Prior to admission,
we require all patients to undergo coronavirus screening and test-
ing. For highly aerosolizing procedures in the nasopharynx, we
require two separate negative COVID-19 tests prior to admission
[17]. If the patient is symptomatic, tests positive, and the surgery
can be delayed, then we recommend that the patient self-
quarantine for two weeks and repeat testing [4]. These practices
alone have resulted in only 3 surgeries being performed on COVID
positive patients during the entire 4 month period, all of whom,
were in symptomatic large lesions.

Once screening is complete and the results are negative, then
we recommend proceeding with surgery with the following
caveat: we have previously demonstrated no difference in wound
complications using intradermal, absorbable suture and thus rec-
ommend it be used, whenever possible, in order to mitigate the
need for suture removal during follow-up [18]. Prior to the pan-
demic, we also demonstrated that discharging neuro-oncology
patients on the first postoperative day is both safe and feasible
and continue to recommend this practice in order to decrease
the risk of their in-hospital exposure [19,20]. We also recommend
transferring uncomplicated surgeries directly to the stepdown unit
in an effort to maintain available ICU beds for COVID-19 patients. If
the patient requires an ICU bed, we insist that they be physically
separated from the COVID-19 units. If this is not possible then
we would not recommend proceeding with the surgery given that
many neuro-oncology patients can be immunocompromised [21].
Lastly, we do not allow any visitation while in the hospital in order
to further reduce face-to-face interactions as an inpatient [4].
Although restrictive, it is these limitations that have prevented
any of our patients from developing COVID-19 symptoms during
4

their hospitalization and in follow-up. Although we recognize that
our follow-up is limited, if the patients were to manifest symptoms
it would likely occur within the two week period between surgery
and their next clinic visit [22].

5.5. Surgical recommendations: Surgeons

Protecting yourself from infection and subsequent transmission
is equally important as protecting the patient. Therefore, we rec-
ommend some simple guidelines to lower this risk. Firstly, PPE
should be worn at all times while in the hospital, proper hand
hygiene should be performed, and social distancing should be
maintained. This is especially important during patient interac-
tions given that you alone could be a fomite for transmission. With
that being said, we have not had to alter much of our intraopera-
tive surgical practices given that the room is already a sterile envi-
ronment. However, we have restricted the number of providers
rounding on patients in an effort to again minimize the potential
for exposure.

Lastly, we have been fortunate enough to have a single operat-
ing room dedicated to COVID-19 positive patients. Although we
have only performed 3 surgeries on COVID-19 positive neuro-
oncology patients, we recommend performing complete donning
and doffing using full PPE as outlined by the World Health Organi-
zation [23].
6. Conclusions

Based on the results of protocols implemented at our institution
to combat transmission of COVID-19, we created practice guideli-
nes for the surgical neuro-oncologist. Although our data is retro-
spective, we demonstrate that by using proper PPE, good hand
hygiene, telemedicine, absorbable suture, and early patient dis-
charge we can limit patient and provider transmissions even as
our local community has become the US epicenter of the
pandemic.
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