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Original Article
The Risk of Spread of Infection During Craniotomy/Craniostomy on Patients with Active
Coronavirus Disease 2019 (COVID-19) Infection: Myth or Fact?
Apinderpreet Singh1, Pravin Salunke1, Rajesh Chhabra1, Sunil Sethi2, Sushanta K. Sahoo1, Madhivanan Karthigeyan1,
Chandrasekhar Gendle1, Rakesh Kumar2, Sunil Gupta1
-OBJECTIVES: Craniotomies/craniostomies have been
categorized as aerosol-generating procedures and are
presumed to spread coronavirus disease 2019 (COVID-19).
However, the presence of severe acute respiratory distress
syndrome coronavirus 2 virus in the generated bone dust
has never been proved. Our objective is to evaluate the
presence of virus in the bone dust (aerosol) generated
during emergency neurosurgical procedures performed on
patients with active COVID-19. This would determine the
true risk of disease transmission during the surgery.

-METHODS: Ten patients with active COVID-19 infection
admitted to our institute in 1 month required emergency
craniotomy/craniostomy. The bone dust and mucosal
scrapings form paranasal sinuses (if opened) collected
during these procedures were tested for the virus using
reverse transcription polymerase chain reaction. The entire
surgical team was observed for any symptoms related to
COVID-19 for 14 days following surgery.

-RESULTS: Nine patients had moderate viral load in their
nasopharyngeal cavity, as detected on reverse transcrip-
tion polymerase chain reaction. None of the samples of
bone dust from these 10 patients tested positive. Mucosal
scrapping obtained in 1 patient in which mastoid air cells
were inadvertently opened tested negative as well. No
health workers from the operating room developed COVID-
19erelated symptoms.

-CONCLUSIONS: The bone dust generated during crani-
otomy/stomy of active patients does not contain the virus.
The procedure on an active patient is unlikely to spread the
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disease. However, a study with larger cohort would be
confirmatory.
INTRODUCTION
ases of coronavirus disease 2019 (COVID-19) are still on
the rise, across the globe.1 During this ongoing COVID-19
Ccrisis, elective surgeries have been postponed to a large

extent to protect health care workers and to preserve hospital re-
sources to manage the increasing number of patients with COVID-
19. At present, only emergency cases are being managed in many
centers worldwide.2 However, most of our neurosurgical patients
present late in the course of disease, where watchful waiting
may be detrimental. Rescheduling the surgeries for an uncertain
period of time may be inappropriate. The Centers for Medicare
and Medicaid Services also has classified neurosurgery as tier 3a
(high acuity surgery).
Since the emergence of COVID-19, there have been speculation

that procedures like craniotomy/craniostomy could potentially
spread the disease because of the possible aerosol generation.3 This
is one of the factors forming the basis forminimizing the number of
surgeries, in a hopeful wait for the pandemic to be controlled or
availability of a vaccine. However, the presence of severe acute
respiratory distress syndrome coronavirus 2 (SARS-CoV-2) virus in
the bone dust generated while operating on patients positive for
COVID-19 has not been confirmed, thereby the rationale for
avoiding surgeries is based on speculation rather than evidence.We
attempted to find the presence of SARS CoV-2 virus in the generated
aerosols during neurosurgical procedures on COVID-19epositive
cases. The result of this study, therefore, would alleviate or confirm
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the fears of performing craniotomies on patients positive for
COVID-19. The result of this study also would have an indirect
impact on patients who test negative for COVID-19.

METHODS

Two hundred fifty neurosurgery patients were admitted to our
emergency department between July 15, 2020, and Aug 15, 2020. As
per our institutional protocol, we screened all admitted patients for
COVID-19 with nasopharyngeal swab real-time reverse-transcrip-
tase polymerase chain reaction (RT-PCR)/GENE EXPERT test
depending up on the urgency of intervention. Twenty-three of these
250 patients tested positive for COVID-19, and 10 of them required
urgent surgery. None of these patients had fever, cough, or any other
COVID-19erelated symptoms at the time of admission.
A separate dedicated COVID-19 center, including an operating

room (OR), preoperative ward, postoperative wards, and intensive
care units, was made functional to manage patients who were
COVID-19 positive. A designated patient transport route was
established for shifting positive patients from the emergency
admission area to COVID-19 center.4 The transportation and
receiving staffs used full personal protective equipment and
followed all protective measures during the whole transit to OR.
We do not have the facility of a negative pressure OR.
The entire OR staff including anesthetists and surgeons were

donned in personal protective equipment. Premedication included
glycopyrrolate to reduce respiratory secretions. Thiopentone and
propofol were used for smooth induction without raising the
intracranial pressure. Video laryngoscopy was used to intubate
these patients, circumventing the need to visualize the vocal cords
directly. This reduced the risk of direct exposure to aerosols
generated due to possible coughing during intubation. The
neurosurgical procedure was performed, and the bone dust
generated during craniotomy/craniostomy was collected in the
specimen vial. Scrapings from paranasal and other air sinuses
were obtained in case these were opened during the procedure.
The decision to extubate depended on preoperative neurologic
status and intraoperative events. Glycopyrrolate (10 mg/kg) and
neostigmine (50 mg/kg) were administered to reduce secretions
and reverse the neuromuscular blockade. The reversal agents were
administered immediately after the patient was able to respond
following cessation of anaesthesia to minimize coughing. Imme-
diate postoperative doffing of the staff was ensured and
monitored.
The aerosols generated were collected and transferred in cold

chain to Department of Microbiology for RT-PCR. The sample was
decontaminated and the RNA was extracted using an RNeasy kit
(QIAGEN, Germantown, Maryland, USA). Amplification was
done. A cycle threshold value under 35 was considered positive.
Postoperatively, the patients were kept in isolation and were

managed by a separate team at the COVID-19 center. The oper-
ating team was observed for development of any symptoms of
COVID-19 until 2 weeks following surgery and were tested if
deemed necessary.

RESULTS

Ten patients with (active) COVID-19 underwent urgent neurosur-
gical intervention. Their age ranged from 2 to 66 years. Six of them
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were male, and 4 were female. Two were operated for extradural
hematoma evacuation, 2 for decompressive hemicraniotomy, 1 for
single brain metastasis with mass effect, 2 with chronic subdural
hematoma in altered sensorium, and 3 required ventriculoper-
itoneal shunts for acute hydrocephalous. Nine patients had cycle
threshold values in nasopharyngeal samples ranging between
25.03 to 32.8 and showed moderate viral load. One patient had a
low viral load.
The aerosols and bone dust generated at the time of surgery

from all 10 patients tested negative, irrespective of the nasopha-
ryngeal/oral viral load. In 1 patient, the mastoid air cells were
inadvertently opened during temporal bone nibbling. The sinus
scrapping and the mucosa sent for RT-PCR also tested negative for
SARS-CoV-2 virus. None of the members from the OR developed
COVID-19erelated symptoms in next 2 weeks of surgery.
DISCUSSION

Surgical procedures requiring the drilling of bones, like crani-
otomy performed with bone cutters and high-speed drills, are
grouped under aerosol-generating procedures. The contamination
of surgical staff in the OR due to aerosol-generating procedures
has been documented before, and the presence of organisms like
Staphylococcus aureus, HIV, other viruses, and bacteria has been
confirmed in the generated aerosols for distances as much as 5e7
meters.5 These micro-organisms in the aerosols have been docu-
mented to contaminate health workers in the OR. However, it is
not yet documented for COVID-19.
The virus has been detected in blood samples of 10%e40% of

patients positive for COVID-19. This includes asymptomatic car-
riers as well.6-8 In human body, the SARS-CoV-2 spike protein
attaches to the angiotensin-converting enzyme 2 receptor and
instigates a potentially harmful inflammatory cascade. Apart from
the kidney, gastrointestinal tract, cardiovascular system, and
alveolar epithelium, these receptors are also found in bone
marrowederived stem cells.8,9 Study on the biodistribution did
not show viral RNA in brain tissue8; however, in keeping the
high magnitude of safety, a biological rationale was adopted to
restrict all aerosol-generating procedures during the ongoing
COVID-19 pandemic. In neurosurgical practice, the use of
high-speed drills especially in the vicinity of the paranasal sinuses
and mastoid also was considered potentially hazardous for
transmitting the virus in the OR. Several mitigation strategies like
use of powered air-purifying respirators and negative suction in
the OR also were proposed to conduct surgical procedures in
COVID-19epositive/suspected patients. However, such facilities
may not be easily available, especially in the resource-restricted
nations. In addition, the risk of viral shedding during craniot-
omies is speculative and hasn’t been proved. Unfortunately, the
trepidation among neurosurgeons is largely based on this pre-
sumption. This has affected neurosurgical procedures alike on
patients who test negative and positive for COVID-19. The aerosols
generated during drilling of calvarial bone including the mastoid
in active patients did not demonstrate any evidence of viral RNA.
Having said that the risk of spread of virus during such procedures
is probably hypothetical, it is not clear yet if the viral load in the
aerosol generated is proportional to the amount of viral RNA in
blood of the infected patient. Ninety percent of our patients had
www.journals.elsevier.com/world-neurosurgery e273
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moderate viral load in nasopharynx, yet none of them revealed any
viral RNA in the bone dust generated. Interestingly, none of the
patients had COVID-19erelated symptoms. Although the viral
load in nasopharynx was moderate, it is possible that viral load in
blood of these patients was low. With low blood viral load, the
load in the bone dust would be theoretically negligible. Another
fact to be considered is the heat generated during bone drilling.10

It has been shown that temperatures rise nearly to 150�C. The
SARS-CoV-2 virus is heat-labile and such a high temperature is
likely to kill the virus. Contrary to the belief it may be safer to use a
drill to perform craniotomies. There are several limitations to this
study. The study group is very small, and a larger study cohort is
required to confirm our findings. Further, the paranasal sinuses
weren’t opened in any of these cases, as they may probably harbor
this virus in patients with active COVID-19.
Nevertheless, the study does suggest that craniotomy/cranios-

tomy is unlikely to spread the infection, at least in patients in
whom the paranasal sinuses are not inadvertently opened. How-
ever, caution needs to be exercised while operating on active
cases, as there could be other mechanisms of spread of infection.
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In conclusion, the study suggests that aerosol generated during
neurosurgical procedures like craniotomy/craniostomy in patients
with active COVID-19 infection does not contain viral particle and
is unlikely to transmit the infection.
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