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Abstract

Introduction: The WHO declared 2019 severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) a public health
emergency of international concern. The National and Re-
gional Health System has been reorganized, and many on-
cological patients died during this period or had to interrupt
their therapies. This study summarizes a single-centre expe-
rience, during the COVID-19 period in Italy, in the treatment
of brain metastases with Gamma Knife stereotactic radiosur-
gery (GKRS). Methods: We retrospectively analysed our se-
ries of patients with brain metastases who underwent GKRS
at the Niguarda Hospital from February 24 to April 24, 2020.
Results: We treated 30 patients with 66 brain metastases. A
total of 22 patients came from home and 8 patients were ad-
mitted to the emergency room for urgent neurological
symptoms. Duration of stay was limited to 0-1 day in 17 pa-
tients. We chose to treat a cluster of 9 patients, whose great-
er lesion exceeded 10 cm3, with 2-stage modality GKRS to
minimize tumour recurrence and radiation necrosis. Conclu-

sion: Due to the COVID-19 pandemic, the whole world is at
a critical crossroads about the use of health care resources.
During the COVID-19 outbreak, the deferral of diagnostic
and therapeutic procedures and a work backlog in every
medical specialty are the natural consequences of reserva-
tion of resources for COVID-19 patients. GKRS improved
symptoms and reduced the need for open surgeries, allow-
ing many patients to continue their therapeutic path and
sparing beds in ICUs. Neurosurgeons have to take into ac-
count the availability of stereotactic radiosurgery to reduce
hospital stay, conciliating safety for patients and operators
with the request for health care coming from the oncological

patients and their families. ©2020 5. Karger AG, Basel

Introduction

In January 30, 2020, the WHO declared 2019 corona-
virus disease (COVID-19), caused by a novel beta coro-
navirus known as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), a public health emergency
of international concern [1]. Italy, first of the rest of Eu-
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rope, has experienced the outbreak of COVID-19. In a
population of 195,351 confirmed cases at the date of April
25, 26,384 deaths from COVID-19 [2] have been caused
by multiple organ dysfunction syndrome or respiratory
failure, especially in patients with comorbidities and old-
er than 60 years, with greater epidemic diffusion in Lom-
bardy, the most populated Italian region (over 10 million
of inhabitants) [3].

Since the severe respiratory failure due to COVID-19
needs ICU beds and generally an increase of hospital ca-
pabilities including personnel, the National Health Sys-
tem and its related regional system have been converted
to sustain the epidemic. The goal was to shift every spe-
cialty assistance only to the care of COVID-19 patients.
In March 8, 2020, the Lombardy Governor (decree No.
X1/2906) [4] suspended elective surgical activities in the
hospital (nonurgent inpatient and outpatient). The re-
gional medical system has been completely reorganized,
with a large number of physicians and nurses from dif-
ferent specialties converted to the COVID-19 patients
care.

Patients with cancer are more susceptible to infections
than individuals without cancer because of their organic
frailty and systemic immunosuppression caused by the
disease and anticancer treatments. Therefore, these pa-
tients carry an increased risk of COVID-19 infection and
have a poorer prognosis, and many oncological patients
died during this period or had to interrupt their therapies;
the consequences were relevant for physicians and re-
searchers in the oncology field [5].

From 24 February, 2020, since our hospital has been
alerted to the epidemic, to avoid that patients with brain
metastases deferred adequate radiosurgical treatment, we
started to modify our routine and, according to the exist-
ing directives on the management of these patients, we
put in place a modification of hospitalization procedures
[6].

This paper briefly summarizes a single-centre experi-
ence in the treatment of a specific population of patients
with cancer and brain metastases treated with Gamma
Knife Perfexion® (Elekta AB, Stockholm, Sweden) ste-
reotactic radiosurgery (GKRS), during a 2-month period,
from 24 February to 24 April, 2020. In our institution,
GKRS is carried out by a multidisciplinary workgroup in-
volving neurosurgeons, radiation oncologists, physicists,
and a staff of nurses, and radiographers. It is an elective
therapeutic activity, however, for its features (non-inva-
sive procedure, a brief hospital stay, and no need for in-
tensive care), it may play a role in this dramatic period
[7-9].
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Methods

We retrospectively analysed our series of patients with brain
metastases who underwent GKRS in our institution from 24 Feb-
ruary to 24 April, during the COVID-19 pandemic. Demographi-
cal data and information about primary disease and radiosurgical
plans were collected. We describe the whole process of selection of
patients suitable for GKRS, their admission to the hospital, and the
radiosurgical procedure from positioning of stereotactic frame to
its removal, with particular attention to safety and hygienic proce-
dures.

Results

We treated 30 patients (M:F ratio 1.14:1, mean age 68.7
+ 8.97 years) with 66 brain metastases (mean 2.2, range
1-7). The primary tumour site was the lung in 14 patients
(46.6%), colon in 5 patients (16.6%), breast in 4 patients
(13.3%), melanoma in 2 patients (6.6%), SCLC in 2 pa-
tients (6.6%), kidney in 2 patients (6.6%), salivary in 1
patient (3.3%). Demographical data and disease informa-
tion are shown in Table 1.

All treated patients were COVID-19-free confirmed
cases. Twenty-two patients coming from home were se-
lected by phone or video calling by our telenursing service
usually adopted for follow-up to exclude the existence of
clinical signs of infectious disease. No patient developed
symptoms of COVID-19 infection during hospitaliza-
tion.

At the hospital triage, fever scan and clinical examina-
tion to assess the absence of signs were performed, and,
starting from April 4, 2020, nasopharyngeal swab for CO-
VID-19 testing was done 48 h before treatment in an out-
patient setting.

Eight patients were admitted to the emergency room
for urgent neurological symptoms. An urgent brain CT
scan was performed in all these cases and revealed lesions
suspected for brain metastases; therefore, a lung and ab-
domen CT scan was performed to search for systemic dis-
ease as well as to exclude interstitial pneumonia, the CO-
VID-19 test result made at emergency room entry not yet
being available.

Out of these 30 patients, 8 patients were admitted in
departments (Oncology and Medicine COVID-free) dif-
ferent than Neurosurgery, which was particularly over-
loaded by being one of three regional hubs for neurosur-
gical emergencies [10]. In several cases, we exploited si-
multaneous hospital access for scheduled administration
of systemic therapy. All patients wore a surgical mask
from admission to discharge, as well as during the whole
radiosurgical procedure (from stereotactic frame fixation
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Table 1. Summary of patient characteristics

Patient Sex Age Metas-  Primary Mass effect GK Length of Provenance Notes
(M/F) (years)  tases tumour (yes/no) (single/2-stage) stay (days) (scheduled/urgent)
1 M 80 3 colon no 2-stage 1 Scheduled
2 F 71 7 lung no single 1 Scheduled
3 F 81 1 melanoma  no single 21 Urgent
4 M 71 1 lung yes 2-stage 9 Urgent
5 M 80 3 lung no single 0 Scheduled
6 F 73 6 breast no single 0 Scheduled
7 F 77 1 melanoma  no single 0 Scheduled
8 F 57 2 lung no single 0 Scheduled
9 F 66 3 lung no single 0 Scheduled
10 F 71 2 lung no single 0 Scheduled
11 F 73 1 lung yes 2-stage 12 Urgent
12 M 69 2 lung no single 0 Scheduled
13 M 61 1 SCLC no single 0 Scheduled
14 M 61 4 lung yes 2-stage 18 Urgent Cyst drainage
and biopsy
15 F 54 1 breast no single 0 Scheduled
16 F 67 1 breast no 2-stage 0 Scheduled
17 M 76 5 salivary no single 0 Scheduled
18 M 79 2 lung no 2-stage 14 Urgent
19 F 50 1 colon yes 2-stage 10 Urgent
20 M 68 1 colon yes 2-stage 14 Urgent EVD
21 F 84 3 lung no single 18 Urgent
22 M 60 2 colon no single 4 Scheduled
23 F 55 1 breast no single 1 Scheduled
24 M 62 1 SCLC no 2-stage 11 Urgent
25 M 70 2 kidney no single 0 Scheduled
26 M 61 1 kidney no single 8 URGENT
27 M 80 1 colon no single 0 Scheduled
28 M 71 1 lung no single 0 Scheduled
29 F 73 1 lung no single 4 Scheduled
30 M 61 5 lung no single 3 Scheduled

to its removal); they performed hand hygiene and hair
washing before treatment. During frame manoeuvres,
neurosurgeons and nurses were provided with adequate
individual protective equipment (surgical mask, gown,
gloves, and face shield) due to the brief distance from the
nose and mouth of the patient, even though they took di-
rect care to non-COVID-19 patients. In the other steps of
GKRS workflow (imaging, planning, and positioning in
the couch for treatment), the entire staff worked with the
medical mask [11].

After the procedure, the frame was decontaminated
with Antisapril® (active chlorine from sodium hypochlo-
rite) then sterilized by autoclave. Finally, we observed to
look after the patient by ensuring general safety. Visitors
to inpatients were forbidden, but in the phase of radiosur-
gical planning, the patient in rest waiting for the treat-

GKRS for Brain Metastases during the
COVID-19 Period

ment could talk with familiars by phone. The length of
stay in the hospital was limited to 0-1 day in 17 out of 22
(77.2%) scheduled patients. In all other cases, the mean
length of stay was 11.23 + 5.71 days.

All patients were excluded for resection surgery after
multidisciplinary oncologic evaluation, even though in
five cases an evident mass effect was present. Three pa-
tients were affected from known oncologic disease with
prognosis quoad vitam greater than 6 months. Two pa-
tients had unknown primitive disease: the firsthad a fron-
tal cystic lesion that was stereotactically drained (with in-
sertion of Ommaya reservoir) to reduce mass effect and
to make the diagnosis (lung adenocarcinoma); then, he
was treated with GKRS in two stages; the second patient
had a posterior fossa tumour causing hydrocephalus, he
was treated immediately after admission with external
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Fig. 1. Case of a 50-year-old female with a
large single brain metastasis from colon
cancer treated with 2-stage GKRS. a First
stage. Yellow line: prescription isodose 12
Gy at 50%. b Second stage. Blue line: over-
lapped prescription isodose of first stage.
Yellow line: prescription isodose 12 Gy at
50%.

ventricular drainage, and was then submitted to GKRS in
2-stage modality. Between the two stages, a biopsy of the
cecal lesion, detected by abdomen CT scan, was per-
formed and histopathologic diagnosis of colon adenocar-
cinoma was made. We chose to treat a cluster of 9 pa-
tients, whose greater lesion exceeded 10 cm?, with 2-stage
modality GKRS (12 Gy to total volume in two sessions, 4
weeks apart) rather than palliative GKRS to minimize tu-
mour recurrence and radiation necrosis [12].

Five of these patients underwent the second stage of
their treatment in the time span described in this article
(see Fig. 1).

Discussion

Patients with cancer are more susceptible to infections
than individuals without cancer because of their organic
frailty and systemic immunosuppression caused by the
disease and anticancer treatments. 2019 coronavirus dis-
ease (COVID-19) caused by a novel beta coronavirus
known as severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is a public health emergency of interna-
tional concern. Due to the COVID-19 pandemic, the
whole world is at a critical crossroads about the use of
health care resources. This issue is strengthened in the
Italian National Health System because it is based on uni-
versality, solidarity, and uniformity, and the Italian Con-
stitutional Law recognises the right of every individual to
receive all necessary health care [13].

Wide use of telemedicine is the very innovation in this
horrible period. It was useful for the management of pa-
tients to reduce travelling, hospital access, and risk of
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contracting coronavirus, for the screening of candidates
to treat and to effectively share knowledge with other spe-
cialist of our staff.

During the COVID-19 outbreak, which will have
probably a long period of diffusion with a high risk of re-
crudescence, efforts and resources (personnel, hospital
beds, ventilators, etc.) shall be reserved for COVID-19
patients with the natural consequence of the deferral of
diagnostic and therapeutic procedures and a work back-
log in every medical specialty [14].

Conclusion

In our experience, the use of GKRS improved symp-
toms and reduced the need for open surgical operations,
allowing many patients to continue their targeted or im-
munologic therapies or to start primary systemic treat-
ments, and moreover to spare beds and intensive care. In
order to improve patient selection, optimizing risk reduc-
tion for health care workers and patients, we suggest per-
forming a pre-hospitalization triage through phone call-
ing and questionnaire. All patients with no symptoms of
COVID-19 infection and no recent contacts with COV-
ID-19-positive patients, after a negative nasopharyngeal
swab test for COVID-19 performed 48 h before admis-
sion, should be treated. In order to rationalize resources,
neurosurgeons have to take into account the availability
of stereotactic radiosurgery (both Gamma and X rays-
based apparatus) to reduce hospital inpatient stay and
conciliating safety for patients and operators with the re-
quest for health care coming from the patients with can-
cer and their families.
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