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Summary: The novel coronavirus disease of 2019 pandemic presents a unique
challenge to the field of plastic and reconstructive surgery. Although plastic
surgeons may be postponing elective operations, there are still a number of
emergent or urgent procedures that may need to be performed, and surgeons
may be facing the reality of returning to a new normalcy of operating with
coronavirus disease of 2019. These procedures, consisting of those such as head
and neck reconstruction or maxillofacial trauma, largely require a multidisci-

M.P.H. | plinary approach and may be considered of higher risk to health care workers
Samuel J. Lin, M.D., M.B.A. | because of the involvement of areas of the body identified as sources for viral
Boston, Mass. transmission.. Moreov.er, viral transmission may potentially extend beyond r.espi—
ratory secretions, which has been the main focus of most safety precautions.
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The authors aim to present the scope of these procedures and the means of
viral transmission, and to provide safety precaution recommendations for plas-
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he novel coronavirus disease of 2019
T(COVID—19) pandemic presents a unique

challenge to the field of plastic and recon-
structive surgery, a discipline that also interfaces
with otolaryngology-head and neck surgery, Mohs
micrographic surgery, and oral and maxillofacial
surgery. Several societies have provided their
guidelines about safety."”* Although evolving rec-
ommendations provide an overview of specialty-
specific guidelines, they are not geared toward
plastic surgeons in urgent or emergent cases, or
when returning to a new normalcy of operating
despite the COVID-19 pandemic.

The specific transmission rate to health care
workers is not yet known; however, health care
workers likely have at least a three-fold increase in
the risk of infection compared to the general pub-
lic based on data from China and Italy.” Even in
the event of providers testing positive for antibod-
ies, there is not enough information at the pres-
ent time to know the duration of these antibodies
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tic surgery and its related disciplines.

(Plast. Reconstr. Surg. 148: 467, 2021.)

or the extent of protection from future infections.
As such, the providers should still take appro-
priate safety precautions regardless of COVID-
19 antibody status. As surgeons, we have a dual
responsibility to provide appropriate treatment
to our patients while taking care to prevent trans-
mission.” Safety is paramount to continue provid-
ing appropriate care to patients with and without
COVID-19. Aside from conventional routes of
viral transmission through airborne droplets,
we review other potential forms of transmission
in the form of aerosolized viral titers created by
electrocautery.

OUTPATIENT EVALUATION

Use of proper personal protective equipment
is paramount. When examining patients, exam-
iners need to understand that certain regions,
such as the head and neck, are high risk because
of coronavirus transmission by droplets and the
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high potential for aerosolization because of the
high concentration of viral load in the nasophar-
ynx. To et al. noted a viral load of 5.2 logl0 copies
per milliliter found in the respiratory specimens
from 23 of their infected patients.” Although the
infectious viral load has not yet been identified,
there are a few facts that have been reported. We
know that the virus can be spread through human
transmission and potentially lingers in the air for
up to 3 hours, and on various surfaces from 24
hours to 3 days.” Studies have shown that the virus
concentration peaks following initial presenta-
tion of symptoms and declines over the course
of 1 week, with the virus being easily transmit-
table from asymptomatic or mildly symptomatic
people.® Another study revealed that concentra-
tion levels of viral RNA may be associated with the
severity of symptoms.’

The Centers for Disease Control and
Prevention has already recommended contact
and airborne protections with personal protective
equipment and N95 masks.”'’ Use of N95 masks,
which can filter particles 0.3 pm or smaller, are
especially crucial, given that surgical masks do
not provide the recommended minimum level of
protection by the Occupational Safety and Health
Administration. Although surgical masks can cer-
tainly protect providers from large droplets, they
are not as reliable for smaller particles, given
that they do not adhere to the same standards
as N95 masks. Moreover, the primary design of
surgical masks is to protect the other party from
the wearer; in this case, the patient from the
provider. There are also standards of fit and seal
that do not apply to surgical masks and therefore
decrease the effectiveness of protection from air-
borne disease. According to the data, protective-
ness against particles for surgical masks is eight
to 12 times less than that for N95 masks.!' One
other consideration is the difference between the
duckbill and the more standard dome-shaped
N95 masks, with the former sometimes being con-
sidered more comfortable. It was found that 70.6
percent of reused duckbill N95 masks versus 27.5
percent of reused dome-shaped N95 masks failed
fit testing.”” The impact of appropriate ventila-
tion is also important when used for COVID-19—
suspected or —positive patients, with the Centers
for Disease Control and Prevention suggesting
negative-pressure rooms for any continuous aero-
sol procedures being performed and closed pri-
vate doors otherwise."

One other mechanism that may often be
overlooked is ocular transmission, making eye
protection in the form of goggles or face shields
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imperative. Viruses such as influenza or severe
acute respiratory syndrome-—coronavirus, and
human papilloma virus or respiratory syncytial
virus, have all been reported to be transmissible
through contact with the mucous membranes of
unprotected eyes.''” Not only that, there have
been reports of COVID-19 potentially transmit-
ting by means of the ocular route, supported by
symptoms of conjunctivitis and the virus being
found in ocular secretions, and anecdotal cases
of individuals infected following exposure to
COVID-19 patients despite wearing personal pro-
tective equipment apart from eye protection.'**’

Precautions need to be taken for any asymp-
tomatic patient, which would include at a mini-
mum gloves, mask, eye protection for the examiner,
and mask for the patient. For any patient who is
suspected of having or is positive for COVID-19,
ideally, the examination should be deferred until
the patient has recovered. Alternative means of
evaluation by means of telehealth (video confer-
ence) should be considered. If such a patient
needs to be evaluated in an urgent manner, full
personal protective equipment is needed, includ-
ing N95 masks, gown, gloves, hat, eye protection
for the examiner, and surgical mask for patient.
The examination should be performed by the
most experienced provider.

EMERGENCY ROOM EVALUATION

A triage telephone line should be established
for daily dental or oral surgery emergencies with
the ability for remote telemedicine visit by the
health care provider for a higher level of consul-
tation, eliminating in-person visits unless deemed
urgent or emergent.”” Urgent care examples
include acute dental abscess, acute facial or neck
swelling, trismus or difficulty opening the mouth,
pain while swallowing, bleeding from the oral
cavity, or acute oral mucosa swelling because of
allergic reaction and maxillofacial injuries.”’*’
Mucosal lesions/injuries can have high aerosoliz-
ing potential, and any in-person visits require full
personal protective equipment, including N95
mask, face shield, gown, and gloves. The patient
should be evaluated by the most experienced pro-
vider to minimize exposure time to the provider.
A negative-pressure room should be used for pro-
cedures such as dental extractions or transoral
incision and drainage of an abscess, or dentoal-
veolar fractures.

Many providers in plastic surgery are involved
with the management of facial trauma. Patients
with mucosal injuries have a higher risk of
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aerosolization of their mucus and pose a trans-
mission threat to the provider."” As with any high-
risk evaluation, the provider must examine such
patients with full personal protective equipment,
including N95 masks, eye protection, gown, and
gloves, because of the high risk of aerosolization.
Patients with extensive injuries should have their
airway secured early with the assistance of anes-
thesia to minimize aerosolization for all providers.

Burn injuries often present with concurrent
traumatic injuries, including those to the neck and
airway. The assessment of a patient with burn inju-
ries should always begin with the standard trauma
survey. Those with major burns, especially airway
injuries, are at high risk of requiring airway sup-
port. The provider must examine such patients
with full personal protective equipment, includ-
ing N95 masks, eye protection, gown, and gloves,
because of the high risk of aerosolization. Patients
with extensive burns or airway injuries should
be intubated early, ideally with the assistance of
anesthesia or another experienced provider, to
minimize viral transmission risk. Burns involving
a large total body surface area (over 50 percent)
can be associated with hemodynamic instability,
fluid overload, pulmonary injury, sepsis, and acute
compromise of the immune system, all of which
can complicate their critical care management.
The presence of an acute COVID-19 infection in
a burn-injured patient would likely further com-
plicate the course, putting them at high-risk of a
poor pulmonary outcome. It is of utmost impor-
tance to reduce the risk of viral transmission to
burn-injured patients without acute infection
from COVID-19, and to anticipate the challenging
clinical course of a patient with these concurrent
diagnoses. It is advisable to proceed early with a
lung protective ventilation strategy and judicious
fluid management to maximize oxygenation and
minimize fluid creep.

PREOPERATIVE EVALUATION

If possible, determine the severe acute respi-
ratory syndrome—coronavirus 2 infection status of
the patient beforehand. Each institution has its
own protocol that can be adhered to. If a patient is
positive, a careful assessment of risk to patient and
the health care providers should be performed by
a multidisciplinary team before the operation is
recommended. Operating on mucosal surfaces
in a patient who is actively infected generates a
significant risk for the entire operating room
and recovery units. It may also compromise the
patient’s ability to recover from the infection.'

The currentliterature also certainly does bring
to light the fact that patients with COVID-19 may
have a hypercoagulable state, as found in various
abnormalities ranging from increased fibrinogen,
D-dimer, and factor VIII, to direct endothelial
injury. As may be expected because of the more
commonly known effects of COVID-19 on the
lungs as a target organ, pulmonary microvascular
coagulation has been a noted finding. However,
more systemic features have been suggested,
supported by reports of increased prevalence of
venous thromboembolism in the patient popu-
lation, even despite the use of prophylaxis.**
Given that those who receive microsurgical pro-
cedures in particular may be at risk for not only
venous thromboembolism but also thrombotic
events of the anastomosis and flap itself, the use
of venous thromboembolism prophylaxis is espe-
cially important when operating on COVID-19-
suspected or —confirmed patients. Although there
are not yet clear guidelines for venous thrombo-
embolism prophylaxis for the COVID-19 patient,
current trials are being conducted to investigate
whether higher than conventional doses may be
beneficial.

OPERATING ROOM

Personal Protection

If possible, negative-pressure rooms are rec-
ommended. All personnel in the operating room
need to have a planning huddle. Intubation
should be performed by anesthesia personnel
with appropriate personal protective equipment;
surgeons can be outside the room. Full personal
protective equipment should be donned, includ-
ing N95 masks, gowns, gloves, and eye shields.”"
Personal protective equipment should be kept
on until the patient is out of the operating room
and no further immediate contact is planned, as
aerosol may land on clothing or even unprotected
mucous membranes, such as when extubation is
performed.

Aerosol

Certain procedures may generate aerosol and
therefore expose medical professionals to the
risk of infection. Eight families of virus, including
Coronaviridae, have been in particular noted as
high risk based on being infectious by means of
aerosol, evidence that they are found in the respi-
ratory tract, and previous reports of nosocomial
transmission.”” Although it is unknown whether
COVID 19 is transmissible through plasma or
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serum and there is no current evidence support-
ing transmission in this regard, the literature has
also reported that viral RNA can be detected in
the bodily fluids of infected patients. This is espe-
cially of note given that there have been previous
reports on the aerosolization of infected fluids,
such as blood.?**

Moreover, smoke or plume generated from
Bovie use or lasers may also carry with it this
potentially infectious aerosol.”” There do not
appear to be current studies on the viral load
found within generated aerosols from COVID-19
patients; however, there has been an example of
detectable viral load in surgical smoke for hepa-
titis B, Corynebacterium, human papillomavirus,
poliovirus, and human immunodeficiency virus.”~
% In particular, as reported in the literature, sur-
gical smoke has been linked to transmission of
human papillomavirus,”” which has a diameter of
approximately 50 to 60 nm and is most commonly
transmitted sexually, compared to a diameter of
approximately 60 to 140 nm for COVID-19, which
is most commonly transmitted by means of respi-
ratory droplets.”** In addition, there is evidence
to suggest the potential for deposition of partic-
ulate matter on the respiratory tracts of surgical
staff from surgical smoke, as illustrated by a study
demonstrating the substantial mass concentration
and size distribution of smoke particles following
electrocautery of porcine tissue.” Table 1 notes
various potential routes of viral transmission in
different procedures and Table 2 notes the risk
of different exposures and recommended safety
precautions.

Surgical smoke particles typically range from
0.01 to 1 pm, with 77 percent being smaller than

Table 1. Potential Routes of Transmission for
Different Procedures

Mode of
Transmission

Operations with
Risk of Transmission

Ocular secretions . Maxillofacial trauma
. Periorbital lesion
Respiratory . Maxillofacial trauma
secretions . Head and neck reconstruction

. Head and neck abscess

. Tracheostomy

. Perioral and nasal lesions

. Surgery on symptomatic
patient (coughing)

. Maxillofacial trauma

. Periorbital lesion

. Head and neck reconstruction

. Head and neck abscess

. Abdominoperineal reconstruction

. Large-surface-area operations
on patients with high viral load
or viral load noted in blood

O TUH QO ND — NO —

Surgery particulate—
generated aerosol

O Ut QO NO —
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1.1 pm. Particles smaller than 10 pm are inhalable,
and those smaller than 2.5 pm precipitate in the
alveolar region of lungs and those smaller than
0.1 pm deeply penetrate the respiratory system.*"**
The Centers for Disease Control and Prevention
has recommended the use of mechanical local
exhaust ventilation smoke evacuation systems
with high-efficiency filtration systems when per-
forming procedures on human papillomavirus—
infected tissues,” and this may be applicable when
operating on COVID-19 patients, especially taking
into account our current lack of understanding
regarding it transmissibility in this regard. It has
also been recommended to have filtered central
wall suction units, install local exhaust ventilation
suction apparatuses no more than 2 inches away
from the source with a capture velocity of 100 to
150 feet/minute, and avoid electrosurgery when
possible. "

Care of the Tracheostomy

Tracheostomy care needs to be approached
with caution, including placement of tracheotomy
during the case because of high aerosolization,
and it has been previously reported during the
severe acute respiratory syndrome-—coronavirus
outbreak that health care workers performed or
being exposed to tracheal intubation procedures
had a higher risk of transmission.”” This requires
communication with anesthesia to create apnea
when the tracheostomy tube is inserted in the
patient. Cuffed, nonfenestrated tubes should
be used and the cuff inflated, and the patient
should be attached to the ventilation circuit.
Postoperative management also requires all per-
sonnel involved to wear full personal protective
equipment, including N95 respirators, gowns,
gloves, and masks.

Microvascular Surgery

The goal should be to reduce the time spent
in the operating room; thus, the most experienced
surgeons should be performing the operation.
Exposure of trainees especially in a COVID-19—
positive patient needs to be minimized. Potential
avoidance of electrocautery, as noted earlier, is one
strategy to eliminate viral loads in a Bovie plume.

PROCEDURES

Plastic surgeons perform a broad range of pro-
cedures from head to toe and in different settings,
whether electively or following trauma or oncologic
resection. This may make it particularly difficult to
determine which operations should be performed
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Table 2. Recommended Safety Precautions for Different Exposures

Exposure Event Exposure Time (min) Risk Level*

Consultation in room for <15 min; distance, 3—6 ft 15 Very low

Visual examination of oral cavity 5-10 Very low, low

Closure of oral lacerations and intraoral mucosal biopsy 30-60 Low, medium

Dental extraction (single or multiple), without drill 15-60 Medium

Closed reduction of mandibular fractures 45-60 Medium

Incision and drainage of deep neck fascial space, odontogenic 30-90 Medium, high
infection, transcervical and transoral

Closed reduction of midface fractures including nasal bones, 45-90 Medium, high
without drill

Removal of malignant tumors with or without neck dissection 60-80 High

Open reduction and internal fixation of facial fractures, with drill 120-320 High, very high

Extraction of multiple teeth, with drill 60-120 High, very high

Resection of malignant bone tumors, with drill >240 Very high

Tracheostomy 15-45 Very high

*Very low, recommended gloves, mask, eye protection (gown if available); Low, recommended gloves, mask, eye protection (gown if available);
Medium, recommended gloves, mask, face shield, gown; High, recommended gloves, N95 mask, disposable impervious gown, full face shield
with or without ventilated orthopedic hood; and Very high, recommended gloves, N95 mask, disposable impervious gown, ventilated orthope-

dic hood, powered air-purifying respirator, and local exhaust ventilator.

during the pandemic. Table 3 outlines a framework
of essential versus nonessential procedures.

Head and Neck

All head and neck reconstruction, dental or
oral procedures, and maxillofacial trauma need
to be approached with a high level of under-
standing about aerosolization and the proximity
of viral loads in the mucosal surfaces of the head
and neck region. Because of the viral concentra-
tion in the head and neck mucosal regions, these
patients need to be deemed high risk even if
COVID-19 testing is negative because of false-neg-
ative results. For nonfacial lesions, there is little
aerosolization risk based on the current data, and
surgery may proceed with the surgeon and assis-
tants using standard personal protective equip-
ment protection: gown, gloves, surgical mask, and
eye protection.

Any surgery around the mouth or lips may
have a higher risk of infection. Instillation of
local anesthesia in the tip of the nose or the ala
can induce sneezing or tearing. Positioning the
patient appropriately may require special care
because some patients may cough if they are not
sitting upright. For such cases, ideally, surgery
should be postponed. If the operation has to
proceed, full personal protective equipment is
needed: N95 mask, gloves, gown, and eye protec-
tion. Consideration should be given if the surgery
can be postponed without increasing the risk of
cancer growth, bleeding, and unresectability while
balancing the risk of transmission to the health
care providers. The risk of transmission of disease
to patients in the health care setting also needs to
be weighed. The most difficult dilemma occurs in
the management of growing tumors in elderly or
immunocompromised patients who also have the

Table 3. Essential versus Nonessential Procedures during the COVID-19 Pandemic

Indicated Management

in COVID-19 Breakout Procedures

Do not postpone surgery

Burns

0 00 ~T O TUr 00 N0 =

. Compartment syndrome

. Trauma defects with significant exposure (bone, tendon, cartilage nerve, hardware)

. Oncologic defects with significant exposure (bone, tendon, cartilage nerve, hardware)
. Head and neck reconstruction

. Alloplastic or delayed breast reconstruction

. Orbital fracture with entrapment

. Life- or limb-threatening infection

. Extremity fracture, tendon or nerve injury

10. Pediatric surgery where delay would affect growth and development
11. Acute postoperative complications

Postpone surgery 1. Cosmetic operations
2. Elective operations

3. Revisions

4. Autologous breast reconstruction; consider performing delayed breast reconstruction
5. Traumatic or oncologic reconstruction without significant exposure of structures; consider
placement of wound vacuum-assisted closure
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highest risk both of complications from the pro-
cedure and also of mortality from COVID-19. For
maxillofacial trauma, consider closed reduction
of fractures, whenever feasible. If open reduction
and fixation is necessary, consider using self-drill-
ing screws.

Mohs micrographic surgery is a staged proce-
dure performed under local anesthesia in which
the tumor and some margin of normal appear-
ing skin is removed and margins are assessed by
frozen sections prepared by processing the tissue
horizontally. Repeated sections are done until the
tumor is cleared, after which reconstruction is per-
formed. The patient is often in the office for sev-
eral hours to almost a full day and may be moved
from procedure room to waiting room and back
to procedure room multiple times. Surgeons gen-
erally run multiple cases concurrently. During the
coronavirus epidemic, the surgeon should reduce
the number of cases so that the patient can stay in
the procedure room from the beginning of the
operation until discharge to home to minimize
contact with large numbers of people. The room
then needs to be cleaned fastidiously before the
next patient, including airing the room out with
high-efficiency particulate air filters for at least
30 minutes. Because of the time required for fro-
zen section preparation, elderly or incapacitated
patients may need an accompanying caretaker
who would then need to stay in the procedure
room with the patient during the entire proce-
dure rather than sent to a waiting room where
social distancing is difficult. Patients can wear a
mask and goggles during the operation, provided
that the surgical site is accessible.

Truncal/Breast Reconstruction

Although there are a number of breast recon-
struction options available following mastectomy,
whether with regard to type or timing of the pro-
cedure, performing the least resource-intensive
procedures during this trying time may be war-
ranted, both to maximize the much-needed sup-
plies to treat COVID-19 patients and to decrease
the risk of exposure to patients and health care
workers. Plastic surgeons at centers and hospi-
tals are currently weighing options of perform-
ing only a form of delayed breast reconstruction
at this time (i.e., tissue expander placement) and
planning for future autologous options in certain
patients. Alloplastic and autologous reconstruc-
tion each has its positive and negative points.
Although autologous reconstruction is associated
with greater patient satisfaction and cost-effective-
ness in the long term, it does demand increased
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resource use in the form of staffing or supplies,
and longer operative time and hospital stay, when
compared to alloplastic reconstruction.””* Of
note, operative time may be especially important
to consider, given the increased exposure time
to hazards such as surgery-induced aerosol gen-
eration. Taking into account the more extensive
scope for autologous reconstruction, such as with
regard to the additional burden of a donor site,
there is also the potential for increased surgical
complications, which may extend hospital stay and
increase exposure. As such, it is our opinion that
performing either immediate direct-to-implant
reconstruction in patients suited for the proce-
dure or delaying autologous breast reconstruction
with placement of tissue expanders instead may
be most prudent. Of note, for delayed reconstruc-
tion, the decision must also be weighed against
risks such as scarring, larger skin paddles, or nega-
tive psychological impact, and it is ultimately up
to the surgeon to determine the best course of
action. Despite the comparatively low exposure to
mucosal surfaces and respiratory secretions com-
pared to head and neck reconstruction, there is
still the potential risk of surgical instrument-gen-
erated aerosol exposure to consider until it has
been studied further.

Extremity/Hand Surgery

All precautions regarding prevention of viral
transmission and deferring elective hand pro-
cedures hold as well during this unprecedented
time (e.g., trigger finger release, cyst removal).
Although these operative areas do not involve
mucosal areas, providers may consider minimiz-
ing cautery during procedures by the routine use
of tourniquet compression where possible. During
emergent cases such as replantation and revascu-
larization, extreme care by all health care work-
ers, especially during intubation and extubation,
should be taken. Certain cases may be performed
as in a local/regional situation for anesthesia.

COSMETIC SURGERY

Although elective cosmetic surgery constitutes a
nonessential service, patients may still call the office
for the possibility of office-based surgery or proce-
dures. Although it is at the discretion of the prac-
titioner, during times of a pandemic—especially
when a vector is transmitted by asymptomatic carri-
ers—it is recommended to defer not only cosmetic
operative procedures but also cosmetic medicine
(i.e., fillers, dermabrasion, laser treatments). These
recommendations do not include situations that
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demand more immediate evaluation or treatment—
in particular, the care of perioperative patients
from recent procedures requiring procedures
such as hematoma evacuation, incision and drain-
age of infections, acute management of implant
exposure, or wound dehiscence. Noninvasive pro-
cedures such as CoolSculpting (Zeltiq Aesthetics, a
division of Allergan plc, Pleasanton, Calif.) should
be deferred also at this time. Specifically, the treat-
ment of epistaxis following rhinoplasty in the office
is best treated by the operating physician rather
than in the emergency room during the time of a
pandemic secondary to the amount of potential
exposure to the patient or health care provider in
a general emergency room setting. Epistaxis treat-
ment follows the same guidelines as outlined in this
article for high-risk aerodigestive tract precautions.
Although the explantation of an implant is readily
performed in the office, the placement of a sterile
implant (e.g., breast implant) in the office is to be
very carefully weighed, as various “office” condi-
tions may not have the same sterility rigor as those
treated in the operating room.

CONCLUSIONS

The COVID-19 pandemic poses unique chal-
lenges for the various disciplines involved in plas-
tic and reconstructive surgery, especially as the
situation continually evolves. Proceeding with
appropriate personal protective equipment is
paramount for health care provider and patient
safety; however, additional consideration may be
weighed for the avoidance of electrocautery for
the potential aerosolization of viral load in the
operating room aside from the respiratory tract.
Although universal recommendations are difficult
because of being patient, physician, and region
specific, a thoughtful protocol of assessment and
surgical intervention needs to be established
based on the individualized pandemic status.

Scharukh Jalisi, M.D., M.A.
110 Francis Street, Suite 6E
Boston, Mass. 02215
sjalisi@bidmc.harvard.edu

Samuel J. Lin, M.D., M.B.A.
110 Francis Street, Suite bA
Boston, Mass. 02215
sjlin@bidmc.harvard.edu
Instagram: @drsamuellin
Twitter: @Dr_SamuelLin

REFERENCES

1. Givi B, Schiff BA, Chinn SB, et al. Safety recommendation
for evaluation and surgery of the head and neck during

10.

11.

12.

13.

14.

15.

16.

17.

18.

the COVID-19 pandemic. JAMA Otolaryngol Head Neck Surg.
2020;146:579-584.

. American Society of Plastic Surgeons. ASPS guidance regard-

ing elective and non-essential patient care. Available at:
https://www.plasticsurgery.org/for-medical-professionals/
covidl9-member-resources/previous-statements.  Accessed
April 1, 2010.

. American College of Surgeons. COVID-19:Recommendations

for management of elective surgical procedures. Available
at:  https://www.facs.org/covid-19/clinical-guidance/elec-
tive-surgery. Accessed April 1, 2020.

. Maggenis P. Guidance PPE for patients with emergency oral

problems of unknown COVID-19 status. Available at: https://
www.baos.org.uk/wp-content/uploads/2020/03/no-wm-
BAOMS-BAOS-COVID-Advice-Update-24-March-20191.pdf.
Accessed April 7, 2020.

. Gawande A. Keeping the coronavirus from infecting health-

care workers: What Singapore’s and Hong Kong’s success is
teaching us about the pandemic. The New Yorker. March 21,
2020. Available at: https://www.newyorker.com/news/news-
desk/keeping-the-coronavirus-from-infecting-health-care-
workers. Accessed April 1, 2020.

. To KK, Tsang OT, Leung WS, et al. Temporal profiles of viral

load in posterior oropharyngeal saliva samples and serum
antibody responses during infection by SARS-CoV-2: An
observational cohort study. Lancet Infect Dis. 2020;20:565-574.

. van Doremalen T, Bushmaker T, Morris DH, et al. Aerosol

and surface stability of SARS-CoV-2 as compared with SARS-
CoV-1. N Engl | Med. 2020;382:1564—1567.

. Zou L, Ruan F, Huang M, et al. SARS-CoV-2 viral load in

upper respiratory specimens of infected patients. N Engl |
Med. 2020;382:1177-1179.

. Liu Y, Yan LM, Wan L, et al. Viral dynamics in mild and

severe cases of COVID-19. Lancet Infect Dis. 2020;20:656—657.
American College of Surgeons. COVID-19: Considerations
for optimum surgeon protection before, during, and after
operation. Available at: https://www.facs.org/covid-19/clin-
ical-guidance/surgeon-protection. Accessed April 1, 2020.
Lee SA, Hwang DC, Li HY, Tsai CF, Chen CW, Chen JK.
Particle size-selective assessment of protection of European
standard FFP respirators and surgical masks against particles-
tested with human subjects. J Healthc Eng. 2016;2016:8572493.
Degesys NF, Wang RC, Kwan E, Fahimi J, Noble JA, Raven
MC. Correlation between N95 extended use and reuse and fit
failure in an emergency department. JAMA 2020;324:94-96.
Centers for Disease Control and Prevention. Interim
infection prevention and control recommendations for
healthcare personnel during the coronavirus disease 2019
(COVID-19) pandemic. Available at: https://www.cdc.gov/
coronavirus/2019-ncov/hcp/infection-control-recommen-
dations.htmI?CDC_AA_refVal=https%3A%2F % 2Fwww.
cdc.gov%2Fcoronavirus%2F2019-ncov%2Finfection-
control%2Fcontrol-recommendations.html. Accessed
August 13, 2020.

Bitko V, Musiyenko A, Barik S. Viral infection of the lungs
through the eye. J Virol. 2007;81:783-790.

Peiris JS, Yuen KY, Osterhaus AD, Stohr K. The severe acute
respiratory syndrome. N Engl | Med. 2003;349:2431-2441.
Kalogeropoulos CD, Moschos MM. Advances in diagno-
sis and treatment of HPV ocular surface infections. Med
Hypothesis Discov Innov Ophthalmol. 2015;4:31-35.

Belser JA, Lash RR, Garg S, Tumpey TM, Maines TR. The
eyes have it: Influenza virus infection beyond the respiratory
tract. Lancet Infect Dis. 2018;18:€220-e227.

Lu CW, Liu XF, Jia ZF. 2019-nCoV transmission through the
ocular surface must not be ignored. Lancet 2020;395:¢39.

473


mailto:sjalisi@bidmc.harvard.edu?subject=
mailto:sjlin@bidmc.harvard.edu?subject=
https://doi.org/10.1001/jamaoto.2020.0780
https://doi.org/10.1001/jamaoto.2020.0780
https://doi.org/10.1001/jamaoto.2020.0780
https://doi.org/10.1001/jamaoto.2020.0780
https://www.plasticsurgery.org/for-medical-professionals/covid19-member-resources/previous-statements
https://www.plasticsurgery.org/for-medical-professionals/covid19-member-resources/previous-statements
https://www.facs.org/covid-19/clinical-guidance/elective-surgery
https://www.facs.org/covid-19/clinical-guidance/elective-surgery
https://www.baos.org.uk/wp-content/uploads/2020/03/no-wm-BAOMS-BAOS-COVID-Advice-Update-24-March-20191.pdf
https://www.baos.org.uk/wp-content/uploads/2020/03/no-wm-BAOMS-BAOS-COVID-Advice-Update-24-March-20191.pdf
https://www.baos.org.uk/wp-content/uploads/2020/03/no-wm-BAOMS-BAOS-COVID-Advice-Update-24-March-20191.pdf
https://www.newyorker.com/news/news-desk/keeping-the-coronavirus-from-infecting-health-care-workers
https://www.newyorker.com/news/news-desk/keeping-the-coronavirus-from-infecting-health-care-workers
https://www.newyorker.com/news/news-desk/keeping-the-coronavirus-from-infecting-health-care-workers
https://doi.org/10.1016/S1473-3099(20)30196-1
https://doi.org/10.1016/S1473-3099(20)30196-1
https://doi.org/10.1016/S1473-3099(20)30196-1
https://doi.org/10.1016/S1473-3099(20)30196-1
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1056/NEJMc2004973
https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.1016/S1473-3099(20)30232-2
https://doi.org/10.1016/S1473-3099(20)30232-2
https://www.facs.org/covid-19/clinical-guidance/surgeon-protection
https://www.facs.org/covid-19/clinical-guidance/surgeon-protection
https://doi.org/10.1155/2016/8572493
https://doi.org/10.1155/2016/8572493
https://doi.org/10.1155/2016/8572493
https://doi.org/10.1155/2016/8572493
https://doi.org/10.1001/jama.2020.9843
https://doi.org/10.1001/jama.2020.9843
https://doi.org/10.1001/jama.2020.9843
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Finfection-control%2Fcontrol-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Finfection-control%2Fcontrol-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Finfection-control%2Fcontrol-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Finfection-control%2Fcontrol-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Finfection-control%2Fcontrol-recommendations.html
https://doi.org/10.1128/JVI.01437-06
https://doi.org/10.1128/JVI.01437-06
https://doi.org/10.1056/NEJMra032498
https://doi.org/10.1056/NEJMra032498
https://doi.org/10.1016/S1473-3099(18)30102-6
https://doi.org/10.1016/S1473-3099(18)30102-6
https://doi.org/10.1016/S1473-3099(18)30102-6
https://doi.org/10.1016/S0140-6736(20)30313-5
https://doi.org/10.1016/S0140-6736(20)30313-5

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Xia J, Tong ], Liu M, Shen Y, Guo D. Evaluation of corona-
virus in tears and conjunctival secretions of patients with
SARS-CoV-2 infection. | Med Virol. 2020;92:589-594.

Guan WJ, NiZY, HuY, etal. Clinical characteristics of coronavi-
rus disease 2019 in China. N Engl | Med. 2020;382:1708-1720.
Peng X, Xu X, LiY, Cheng L, Zhou X, Ren B. Transmission
routes of 2019-nCoV and controls in dental practice. Int |
Oral Sci. 2020;12:9.

Meng L, Hua F, Bian Z. Coronavirus disease 2019 (COVID-
19): Emerging and future challenges for dental and oral
medicine. J Dent Res. 2020;99:481-487.

American Dental Association. What constitutes a dental emer-
gency. Available at: https://success.ada.org/~/media/CPS/
Files/Open%20Files/ADA_COVID19_Dental_Emergency_
DDS.pdf?_ga=2.35278305.1549481137.1586295114-
1146832391.1586295114. Accessed April 7, 2020.

Iba T, Levy JH, Levi M, Connors JM, Thachil J. Coagulopathy
of coronavirus disease 2019. Crit Care Med. 2020;48:1358—
1364. .

Marchandot B, Trimaille A, Curtiaud A, Matsushita K, Jesel
L, Morel O. Thromboprophylaxis: Balancing evidence
and experience during the COVID-19 pandemic. | Thromb
Thrombolysis 2020;50:799-808.

Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary
vascular endothelialitis, thrombosis, and angiogenesis in
Covid-19. N Engl | Med. 2020;383:120-128.

Judson SD, Munster VJ. Nosocomial transmission of emerg-
ing viruses via aerosol-generating medical procedures.
Viruses 2019;11:E940.

Wong KC, Leung KS. Transmission and prevention of occu-
pational infections in orthopaedic surgeons. | Bone Joint Surg
Am. 2004;86:1065-1076.

Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol
generating procedures and risk of transmission of acute
respiratory infections to healthcare workers: A systematic
review. PLoS One 2012;7:€35797.

Garden JM, O’Banion MK, Bakus AD, Olson C. Viral dis-
ease transmitted by laser-generated plume (aerosol). Arch
Dermatol. 2002;138:1303-1307.

Kwak HD, Kim SH, Seo YS, Song KJ. Detecting hepatitis B
virus in surgical smoke emitted during laparoscopic surgery.
Occup Environ Med. 2016;73:857-863.

Capizzi P], Clay RP, Battey M]. Microbiologic activity
in laser resurfacing plume and debris. Lasers Surg Med.
1998;23:172-174.

Hensman C, Baty D, Willis RG, Cuschieri A. Chemical com-
position of smoke produced by high-frequency electrosur-
gery in a closed gaseous environment: An in vitro study. Surg
Endosc. 1998;12:1017-1019.

Johnson GK, Robinson WS. Human immunodeficiency
virus-1 (HIV-1) in the vapors of surgical power instruments.
J Med Virol. 1991;33:47-50.

474

Plastic and Reconstructive Surgery ® August 2021

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Gloster HM Jr, Roenigk RK. Risk of acquiring human pap-
illomavirus from the plume produced by the carbon diox-
ide laser in the treatment of warts. | Am Acad Dermatol.
1995;32:436—441.

Liu Y, Song Y, Hu X, Yan L, Zhu X. Awareness of surgical
smoke hazards and enhancement of surgical smoke preven-
tion among the gynecologists. | Cancer 2019;10:2788-2799.
Ilmarinen T, Auvinen E, Hiltunen-Back E, Ranki A, Aaltonen
LM, Pitkaranta A. Transmission of human papillomavi-
rus DNA from patient to surgical masks, gloves and oral
mucosa of medical personnel during treatment of laryn-
geal papillomas and genital warts. Eur Arch Otorhinolaryngol.
2012;269:2367-2371.

Zhu N, Zhang D, Wang W, et al.; China Novel Coronavirus
Investigating and Research Team. A novel coronavirus from
patients with pneumonia in China, 2019. N Engl | Med.
2020;382:727-733.

Doorbar J, Egawa N, Griffin H, Kranjec C, Murakami I.
Human papillomavirus molecular biology and disease asso-
ciation. Rev Med Virol. 2015;25(Suppl 1):2-23.

Karjalainen M, Kontunen A, Saari S, et al. The characteriza-
tion of surgical smoke from various tissues and its implica-
tions for occupational safety. PLoS One 2018;13:¢0195274.
Ulmer BC. The hazards of surgical smoke. AORN J.
2008;87:721-734; quiz 735-738.

Mowbray N, Ansell ], Warren N, Wall P, Torkington J. Is surgi-
cal smoke harmful to theater staff? A systematic review. Surg
Endosc. 2013;27:3100-3107.

Sehulster L, Chinn RY; CDC; HICPAC. Guidelines for
environmental infection control in health-care facilities:
Recommendations of CDC and the Healthcare Infection
Control Practices Advisory Committee (HICPAC). MMWR
Recomm Rep. 2003;52:1-42.

Spearman J, Tsavellas G, Nichols P. Current attitudes and
practices towards diathermy smoke. Ann R Coll Surg Engl.
2007;89:162-165.

Spruce L, Braswell ML. Implementing AORN recommended
practices for electrosurgery. AORN J. 2012;95:373-384; quiz
385-387.

Bree K, Barnhill S, Rundell W. The dangers of electrosurgi-
cal smoke to operating room personnel: A review. Workplace
Health Saf. 2017;65:517-526.

Albornoz CR, Bach PB, Mehrara BJ, et al. A paradigm shift
in U.S. breast reconstruction: Increasing implant rates. Plast
Reconstr Surg. 2013;131:15-23.

Matros E, Albornoz CR, Razdan SN, et al. Cost-effectiveness
analysis of implants versus autologous perforator flaps using
the BREAST-Q. Plast Reconstr Surg. 2015;135:937-946.

Yueh JH, Slavin SA, Adesiyun T, et al. Patient satisfaction
in postmastectomy breast reconstruction: A comparative
evaluation of DIEP, TRAM, latissimus flap, and implant tech-
niques. Plast Reconstr Surg. 2010;125:1585-1595.


https://doi.org/10.1002/jmv.25725
https://doi.org/10.1002/jmv.25725
https://doi.org/10.1002/jmv.25725
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1038/s41368-020-0075-9
https://doi.org/10.1038/s41368-020-0075-9
https://doi.org/10.1038/s41368-020-0075-9
https://doi.org/10.1177/0022034520914246
https://doi.org/10.1177/0022034520914246
https://doi.org/10.1177/0022034520914246
https://success.ada.org/~/media/CPS/Files/Open%20Files/ADA_COVID19_Dental_Emergency_DDS.pdf?_ga=2.35278305.1549481137.1586295114-1146832391.1586295114
https://success.ada.org/~/media/CPS/Files/Open%20Files/ADA_COVID19_Dental_Emergency_DDS.pdf?_ga=2.35278305.1549481137.1586295114-1146832391.1586295114
https://success.ada.org/~/media/CPS/Files/Open%20Files/ADA_COVID19_Dental_Emergency_DDS.pdf?_ga=2.35278305.1549481137.1586295114-1146832391.1586295114
https://success.ada.org/~/media/CPS/Files/Open%20Files/ADA_COVID19_Dental_Emergency_DDS.pdf?_ga=2.35278305.1549481137.1586295114-1146832391.1586295114
https://doi.org/10.1097/CCM.0000000000004458
https://doi.org/10.1097/CCM.0000000000004458
https://doi.org/10.1097/CCM.0000000000004458
https://doi.org/10.1007/s11239-020-02231-3
https://doi.org/10.1007/s11239-020-02231-3
https://doi.org/10.1007/s11239-020-02231-3
https://doi.org/10.1007/s11239-020-02231-3
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.1056/NEJMoa2015432
https://doi.org/10.3390/v11100940
https://doi.org/10.3390/v11100940
https://doi.org/10.3390/v11100940
https://doi.org/10.2106/00004623-200405000-00029
https://doi.org/10.2106/00004623-200405000-00029
https://doi.org/10.2106/00004623-200405000-00029
https://doi.org/10.1371/journal.pone.0035797
https://doi.org/10.1371/journal.pone.0035797
https://doi.org/10.1371/journal.pone.0035797
https://doi.org/10.1371/journal.pone.0035797
https://doi.org/10.1001/archderm.138.10.1303
https://doi.org/10.1001/archderm.138.10.1303
https://doi.org/10.1001/archderm.138.10.1303
https://doi.org/10.1136/oemed-2016-103724
https://doi.org/10.1136/oemed-2016-103724
https://doi.org/10.1136/oemed-2016-103724
https://doi.org/10.1002/(sici)1096-9101(1998)23:3<172::aid-lsm7>3.0.co;2-m
https://doi.org/10.1002/(sici)1096-9101(1998)23:3<172::aid-lsm7>3.0.co;2-m
https://doi.org/10.1002/(sici)1096-9101(1998)23:3<172::aid-lsm7>3.0.co;2-m
https://doi.org/10.1007/s004649900771
https://doi.org/10.1007/s004649900771
https://doi.org/10.1007/s004649900771
https://doi.org/10.1007/s004649900771
https://doi.org/10.1002/jmv.1890330110
https://doi.org/10.1002/jmv.1890330110
https://doi.org/10.1002/jmv.1890330110
https://doi.org/10.1016/0190-9622(95)90065-9
https://doi.org/10.1016/0190-9622(95)90065-9
https://doi.org/10.1016/0190-9622(95)90065-9
https://doi.org/10.1016/0190-9622(95)90065-9
https://doi.org/10.7150/jca.31464
https://doi.org/10.7150/jca.31464
https://doi.org/10.7150/jca.31464
https://doi.org/10.1007/s00405-012-2049-9
https://doi.org/10.1007/s00405-012-2049-9
https://doi.org/10.1007/s00405-012-2049-9
https://doi.org/10.1007/s00405-012-2049-9
https://doi.org/10.1007/s00405-012-2049-9
https://doi.org/10.1007/s00405-012-2049-9
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1002/rmv.1822
https://doi.org/10.1002/rmv.1822
https://doi.org/10.1002/rmv.1822
https://doi.org/10.1371/journal.pone.0195274
https://doi.org/10.1371/journal.pone.0195274
https://doi.org/10.1371/journal.pone.0195274
https://doi.org/10.1016/j.aorn.2007.10.012
https://doi.org/10.1016/j.aorn.2007.10.012
https://doi.org/10.1007/s00464-013-2940-5
https://doi.org/10.1007/s00464-013-2940-5
https://doi.org/10.1007/s00464-013-2940-5
https://doi.org/10.1308/003588407X155752
https://doi.org/10.1308/003588407X155752
https://doi.org/10.1308/003588407X155752
https://doi.org/10.1016/j.aorn.2011.12.018
https://doi.org/10.1016/j.aorn.2011.12.018
https://doi.org/10.1016/j.aorn.2011.12.018
https://doi.org/10.1177/2165079917691063
https://doi.org/10.1177/2165079917691063
https://doi.org/10.1177/2165079917691063
https://doi.org/10.1097/PRS.0b013e3182729cde
https://doi.org/10.1097/PRS.0b013e3182729cde
https://doi.org/10.1097/PRS.0b013e3182729cde
https://doi.org/10.1097/PRS.0000000000001134
https://doi.org/10.1097/PRS.0000000000001134
https://doi.org/10.1097/PRS.0000000000001134
https://doi.org/10.1097/PRS.0b013e3181cb6351
https://doi.org/10.1097/PRS.0b013e3181cb6351
https://doi.org/10.1097/PRS.0b013e3181cb6351
https://doi.org/10.1097/PRS.0b013e3181cb6351

	﻿﻿Outpatient Evaluation
	﻿﻿Emergency Room Evaluation
	﻿﻿Preoperative EVALUATION
	﻿﻿Operating Room
	﻿﻿Personal Protection
	﻿﻿Aerosol
	﻿﻿Care of the Tracheostomy
	﻿﻿Microvascular Surgery

	﻿﻿Procedures
	﻿﻿Head and Neck
	﻿﻿Truncal/Breast Reconstruction
	﻿﻿Extremity/Hand Surgery

	﻿﻿Cosmetic Surgery
	﻿﻿Conclusions

