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Letters

RESEARCH LETTER

Assessing the Risk of SARS-CoV-2 Transmission
via Surgical Electrocautery Plume
Live severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) virus has been detected in saliva, sputum, bile,
feces, and blood and shown to remain viable in aerosols for at
least 3 hours.1,2 As such, direct transmission to surgical staff

from aerosolized virus in an
electrocautery plume (as
observed with other viruses)

has been raised by several colleges and associations as a par-
ticular safety concern.1,3 Cautery performed in areas of high
potential viral load in particular (eg, the nasopharynx, oro-
pharynx, anterior skull base, lung parenchyma) could pose a
risk to those in the operating room. Furthermore, sinonasal
pathologies can mimic the symptom profile of COVID-19 and
have been documented to contribute to false-negative naso-
pharyngeal screening results, further increasing potential peri-
operative risk and exposure.4

Respiratory RNA viruses with a lipid bilayer, such as
SARS-CoV-2, are typically more susceptible to higher tem-

peratures than other nonenveloped respiratory viruses,
such as adenoviruses. Although SARS-CoV-2 loses infectivity
at higher temperatures (eg, 70 °C) in media,5 inhalation
of even small amounts of aerosolized virus appear sufficient
to establish infection. However, tip temperatures of electro-
cautery range from 100 to 1200 °C, and as such, the tem-
perature is potentially sufficient to inactivate SARS-CoV-2 in
the plume.

Methods | To examine this, we set out to investigate the pres-
ence of live SARS-CoV-2 in electrocautery plumes (eFigure in
the Supplement) after an institutional review board waiver
and approval was received from Lawson Health Research
Institute. Electrocautery at 25 W was applied using 3 differ-
ent methods (monopolar cut, monopolar coagulate, and
bipolar electrocautery [Erbe USA]) for 1 minute on raw
chicken breast with an added 4 mL of Dulbecco modified
eagle medium (DMEM) or a DMEM:blood mixture containing
1 × 105.7 median tissue culture infectious dose (TCID50) per
mL of SARS-CoV-2, similar to the viral load in pulmonary
sputum of a patient with symptoms. Each experimental con-
dition was repeated in triplicate. An estimated volume of

Figure. Cultured Severe Acute Respiratory Syndrome Coronavirus 2 Images
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1.7 ± 0.3 mL, 1.5 ± 0.1 mL, and 1.0 ± 0.2 mL of liq-
uid was vaporized during the monopolar cut,
monopolar coagulate, and bipolar electrocautery,
respectively, and collected using a Western AirScan
air sampler at 60 L per minute onto a gelatin filter
in triplicate (Sartorius Canada). For a positive con-
trol, approximately 0.3 mL of both viral media and
blood with SARS-CoV-2 was aerosolized (without
heat) into the chamber and collected in the same
fashion. The gelatin filters were solubilized in
phosphate-buffered saline and added in undiluted
and 1:10 serial dilutions to VeroE6 cells to deter-
mine the TCID50 value of the vaporized virus fol-
low ing electroc auter y, as per the methods
described by Bannerjee et al.6

Results | Using a cell titer glow measurement for rep-
licating virus,6 we observed no virus recovered
from any electrocautery performed. However, col-
lected aerosolized blood or media containing SARS-
CoV-2 (approximately 0.3 mL) resulted in a recov-
er y at least 3 or 4 base 10 logs higher than
electrocautery or the negative control (Figure, A).
The maximal theoretical recovery of SARS-CoV-2
on the gelatin filter was approximately 1 × 106.2

units (or 1 × 109.2 viral cytopathic effect units, from
the cell titer glow measurement). Viral RNA was
readily detected in the control aerosols of both flu-
ids in the absence of cautery (Figure, B). The lack of
SARS-CoV-2 was also confirmed by the lack of viral
RNA on quantitative real-time polymerase chain
reaction with undiluted vapor collected on the fil-
ter (Table).

Discussion | In this study, SARS-CoV-2 was not detect-
able in aerosol cautery plume generated from elec-
trocautery under any of the conditions studied de-
spite the high viral titers used. By mimicking surgery
on a patient with a high SARS-CoV-2 load, there was
a minimum of a 9 log reduction of viral RNA with any
of the electrocautery methods. This suggests that
electrocautery smoke is an unlikely source of SARS-
CoV-2 transmission for health care workers. This
study is limited by the in vitro nature of the experi-
ment, and collecting cautery plumes from airway sur-
gery in patients with active SARS-CoV-2 would be de-
finitive. Future work investigating the plume
associated with lower-temperature thermal surgery
(such as coblation or carbon dioxide laser) and dif-
ferent tissue substrates is warranted.

Leigh J. Sowerby, MD, MHM
Anthony C. Nichols, MD
Richard Gibson, MSc
Doron D. Sommer, MD
Corey Moore, MD, MSc
Douglas D. Fraser, MD, PhD
Eric Arts, PhDTa
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PACIFIC COAST SURGICAL ASSOCIATION
Variations in Perceptions of Postoperative
Opioid Need for Pediatric Surgical Patients
Postoperative opioid medications may result in prolonged
opioid use in children and contribute to the nationwide
epidemic.1 Despite efforts to decrease pediatric postopera-
tive opioid prescriptions,2 wide variation in prescribing hab-

its remains.3 Understanding stakeholders’ beliefs regarding
postoperative pain management is critical to develop opioid
reduction interventions.

Methods | An anonymous, 16-question survey was distributed
via email to pediatric surgeons, postanesthesia care unit
(PACU) nurses, and surgical residents between May and July
2020. The survey evaluated the perceived duration of post-
operative opioid need on a 0- to 5-day scale as well as prac-
tices in discussing alternative pain management strategies
and inquiring about prior opioid use on a Likert scale. The
institutional review board at the University of California,
Davis approved the administration of the survey with a
waiver of written informed consent. Return of a completed
survey constituted informed consent. This study followed
the American Association for Public Opinion Research (AAPOR)
reporting guideline. Statistical analysis was performed using
Kruskal-Wallis and χ2 tests, with 2-sided significance set at
P < .05. Statistical analysis was performed in Minitab, version
19.2020.2.0 (Minitab, LLC).

Results | Surveys were completed by 6 pediatric surgeons
(100% response), 31 of 107 PACU nurses (29% response), and
26 of 48 surgical residents (54% response). Pediatric sur-
geons believed patients of all ages required opioids for 0 days
after all operations (Table 1). This was significantly shorter than
the need estimated by PACU nurses, who estimated a need of
1 to 2 days for patients aged 1 to 5 years (laparoscopic chole-
cystectomy: 2 days, P = .002; laparoscopic appendectomy:
1 day, P = .005; laparoscopic inguinal hernia repair: 1 day,
P = .003; and open umbilical hernia repair: 2 days, P = .001;
open inguinal hernia repair: 2 days, P = .001), 2 days for pa-
tients aged 6 to 12 years (laparoscopic cholecystectomy: 2 days,
P = .004; laparoscopic appendectomy: 2 days, P = .003; lapa-
roscopic inguinal hernia repair: 2 days, P = .002; open umbili-
cal hernia repair: 2 days, P = .001; and open inguinal hernia re-
pair: 2 days, P = .001), and 2 to 3 days for patients aged 13 to
17 years (laparoscopic cholecystectomy: 2 days, P = .001; lapa-
roscopic appendectomy: 2 days, P = .002; laparoscopic ingui-
nal hernia repair: 2 days, P = .001; open umbilical hernia
repair: 3 days, P = .001; and open inguinal hernia repair:
3 days, P = .001).

Similar to pediatric surgeons, surgical residents believed
that patients aged 1 to 5 years required opioid treatment for
0 days (laparoscopic cholecystectomy: 0 days, P = .08; lapa-
roscopic appendectomy: 0 days, P = .19; laparoscopic ingui-
nal hernia repair: 0 days, P = .15; open umbilical hernia re-
pair: 0 days, P = .25; and open inguinal hernia repair: 0 days,
P = .11). For patients aged 6 to 12 years, surgical residents es-
timated children would require 0.5 to 1 day of opioid treat-
ment, which was not statistically different from pediatric
surgeons’ estimates (laparoscopic cholecystectomy: 1 day,
P = .16; laparoscopic appendectomy: 0.5 days, P = .18; lapa-
roscopic inguinal hernia repair: 1 day, P = .13; open umbilical
hernia repair: 0.5 days, P = .15; and open inguinal hernia re-
pair: 1 day, P = .09). For patients aged 13 to 17 years, surgical
residents believed children would require opioid treatment for
1.5 to 2 days, which was significantly longer than pediatric sur-
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