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1 | INTRODUCTION
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Abstract

Background: During the SARS-CoV-2 pandemic, tracheostomy may be
required for COVID-19 patients requiring long-term ventilation in addition to
other conditions such as airway compromise from head and neck cancer. As
an aerosol-generating procedure, tracheostomy increases the exposure of
health care workers to COVID-19 infection. Performing surgical tracheostomy
and tracheostomy care requires a strategy that mitigates these risks and main-
tains the quality of patient care.

Methods: This study is a multidisciplinary review of institutional tracheos-
tomy guidelines and clinical pathways. Modifications to support clinical deci-
sion making in the context of COVID-19 were derived by consensus and
available evidence.

Results: Modified guidelines for all phases of tracheostomy care at an aca-
demic tertiary care center in the setting of COVID-19 are presented.
Discussion: During the various phases of the COVID-19 pandemic, clinicians
must carefully consider the indications, procedural precautions, and postoper-
ative care for tracheostomies. We present guidelines to mitigate risk to health
care workers while preserving the quality of care.
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support. Performance of tracheostomy has traditionally
played an important role in ventilatory weaning, and its

The novel coronavirus disease 2019 (COVID-19) caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is impacting hospital care globally at multiple levels.
Otolaryngologists and other surgeons will be called to assess
and manage airways during this time period. Because the
primary morbidity associated with COVID-19 is acute respi-
ratory distress syndrome (ARDS), tracheostomy for patients
requiring prolonged ventilation has emerged as an impor-
tant element of care. The impact of COVID-19 on hospital
resources includes heightened need for intensive care unit
(ICU) capacity and the ability to provide ventilatory

role in COVID-19 is now a primary focus.

Transmission of the SARS-CoV-2 virus is primarily
thought to occur through aerosolization or contact with
contaminated surfaces." As an aerosol-generating proce-
dure (AGP), tracheostomy is associated with high droplet
and particle generation, placing health care providers at
increased risk for transmission of respiratory viral infec-
tions.> The predominant response during this pandemic
has been to increase the level of personal protective
equipment (PPE) to airborne-level precaution during tra-
cheostomy. While effective PPE is of critical importance,
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additional consideration and modification of routine
tracheostomy guidelines is prudent. Clinical decision
making regarding indications and timing should be con-
sidered in the context of resource utilization, risk to
health care providers, and patient benefit.

2 | METHODS

At the University of California, San Francisco (UCSF) Med-
ical Center, an ad hoc work group consisting of stake-
holders in the departments of Otolaryngology-Head and
Neck Surgery (OHNS), Infectious Diseases, Critical Care
Medicine and Anesthesiology, was developed to analyze
the impact of COVID-19 at various levels of clinical care
and administration. Several COVID-19 related factors were
considered, including availability of viral testing, critical
care capacity, availability of PPE, and risk to health care
providers. All phases of routine tracheostomy care were
considered in the review and modification of existing tra-
cheostomy guidelines and clinical pathways. The concur-
rent goals of these modifications were to (a) mitigate risk to
the health care providers while (b) preserving the risk-
benefit profile for patients. Published reports from coun-
tries with previous COVID-19 pandemic experience and
the published literature from the 2003 severe acute respira-
tory syndrome (SARS) pandemic were reviewed and aug-
mented by individual expertise in order to develop working
guidelines for management of tracheostomy at UCSF.

3 | RESULTS
The following are COVID-19 related tracheostomy guide-
lines developed at the UCSF Medical Center.

3.1 | Personal protective equipment
PPE is regarded as the primary means to reduce transmis-
sion of the SARS-CoV-2 virus to health care workers.
Barrier protection with gowns, gloves, face shields, and sur-
gical masks may be augmented with respiratory filtration
systems, including N95 masks and powered air-purifying
respirator (PAPR) systems. At the UCSF Medical Center,
we created a paradigm to delineate PPE for AGPs, which
carry a higher risk for health care providers. Because of the
potential for asymptomatic SARS-CoV-2 infection, we rec-
ommend the same level of precautions and PPE in COVID-
19 positive and asymptomatic patients undergoing aerosol-
generating procedures.

The perioperative PPE guidelines developed at UCSF
are outlined in Table 2. All team members involved in

tracheostomy (anesthesia, surgery, nursing) don contact
and airborne precaution-level PPE, including gown, double
gloves, and either N95 respirator and face shield or PAPR
hood. To conserve PPE, N95 masks may be reused in the
setting of asymptomatic or COVID-negative patients. For
known COVID-19 positive patients or person under investi-
gation (PUI), N95 masks should be single-use.

Donning and doffing of PPE must be appropriately
carried out. Fit testing protocols for respirators and
education for providers on proper PPE use are necessary.
Proper doffing of PPE is particularly critical, as this is the
most likely time for inadvertent self-contamination. A
PPE “champion” observer may be utilized to monitor
providers during doffing of PPE to ensure adherence to
proper protocol.

3.2 | Viral Load reduction

Viral reduction is managed with a time-based strategy
until effective antiviral treatment becomes available.
Maintaining endotracheal intubation for an average of
21 days prior to tracheostomy is undertaken to limit viral
shedding.

3.3 | Preoperative testing

At the time of this writing, preoperative testing in
asymptomatic patients is not routinely performed due to
lack of testing availability, though remains an active area
of protocol development.

3.4 | Indications and timing for
tracheostomy in the COVID-19 positive
patient or PUI

The decision to proceed with tracheostomy should
involve a multidisciplinary discussion and should be
supported by multiple OHNS team members. Notably,
survival is reported to be extremely poor (<20%) in
patients with COVID-19 requiring mechanical ventila-
tion, which argues against early tracheostomy.>> When
the determination is made to perform tracheostomy, a
delay in timing from 14 days postintubation to 21 days
postintubation should be considered to allow for suffi-
cient decline in viral load. In the event of a surge with
the need for ventilator rationing, reconsideration of
timing may need to occur. Ventilator parameters to qual-
ify for safe tracheostomy placement include positive end-
expiratory pressure (PEEP) < 12 and fraction of inspired
oxygen (FiO,) < 0.60.
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3.5 | Technical considerations during
tracheostomy

Technical considerations for performance of tracheos-
tomy are summarized in Table 1. For COVID-19 positive
or PUI patients, tracheostomy procedures will preferen-
tially be performed in the ICU to allow for a negative
pressure environment and to minimize potential contam-
ination of additional patient care areas. The number of
providers in the procedure should be kept to a minimum.
Tracheostomy may be performed either as an open or as
a percutaneous procedure, depending on patient factors
and surgeon preference. Coughing during the procedure
can aerosolize droplets and special modifications are
employed to reduce the risk. During the time of tracheal
incision and endotracheal tube exchange, a systemic
paralytic agent should be administered to minimize
coughing, and aerosolized topical anesthetic should be
avoided. Meticulous hemostatic technique should be
employed prior to tracheal incision to limit the need for
additional tissue manipulation after the tracheal window
is created.

Close communication between surgical and anesthe-
sia teams is necessary. Ventilation should be held prior
to creation of the tracheal window and while the endo-
tracheal tube (ETT) cuff is deflated. Application of suc-
tion to the surgical wound may be used to create a
local negative pressure environment during exchange of
the ETT for the tracheostomy tube. Importantly, the
suction circuit should include a high-efficiency particu-
late arrestance (HEPA) filter to capture aerosolized viral
particles and avoid aerosolizing them into the operating
theater. After placement of the tracheostomy tube,
closed-circuit ventilation with inline HEPA filtration
should be maintained and only inline suction should be
performed.

TABLE 1

COVID-19 status Recommendations

Positive/PUI or unknown
pressure room

Location: ICU preferred, negative

3.6 | Tracheostomy maintenance
Tracheostomy care should be performed with droplet-level
precautions (gloves, gown, mask/eye protection) at a mini-
mum. Tracheostomy in COVID-19 positive patients should
utilize closed-circuit suction, heat and moisture exchanger
(HME) if not ventilated, and inline HEPA filtration if venti-
lated. Cuff inflation is preferred in patients with known
COVID-19 disease until viral shedding has subsided. The fre-
quency of tracheostomy changes should be reduced to every
1 to 3 months for all patients, except for downsizing and cuff
related issues that are determined to be clinically urgent.
Tracheostomy changes should be avoided in COVID-19 pos-
itive patients until viral clearance has been achieved to mini-
mize unnecessary health care worker exposure.

4 | DISCUSSION

The COVID-19 pandemic has presented health care sys-
tems with the unprecedented task of managing large vol-
umes of patients with critical respiratory illness.
Tracheostomy has emerged as a downstream component
of care with heightened risk of viral transmission to health
care providers and requires careful consideration in this
context. Our multispecialty work group was created dur-
ing the early spread of COVID-19 cases in the United
States and we evaluated and modified our current institu-
tional tracheostomy guidelines in preparation for a surge
of COVID-19 positive patients with the potential to over-
whelm our health care system. These guidelines were cre-
ated with the intent of preserving quality of patient care
and reducing clinician exposure in order to maintain a
capable health care workforce. Factors relevant to our
review included optimal timing of tracheostomy, duration
of viral shedding in patients with COVID-19, risk to

Technical and logistic considerations regarding tracheostomy

Other considerations

« Limit number of providers in the
room during the procedure

PPE: N95 mask or PAPR, head « Use of paralysis recommended to

covering, eye protection,

prevent coughing

gown, and two pairs of gloves « Clear and constant communication

Negative (one test 48-72 h

prior) or asymptomatic room

PPE: N95 mask or PAPR, head
covering, eye protection,
gown, and two pairs of gloves

Location: OR or ICU, negative pressure

with anesthesia during the
tracheostomy, holding ventilation
when the ETT cuff is deflated and
when the trachea is opened

« Avoid use of laryngotracheal
topical anesthesia (aerosolizing)

Abbreviations: COVID-19, coronavirus disease 2019; ETT, endotracheal tube; ICU, intensive care unit; OR, operating room; PAPR, powered

air-purifying respiratory; PUI, person under investigation.
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procedural teams from aerosol generation during tracheos-
tomy, ICU capacity, and availability of PPE. A summary
of risk mitigation strategies is presented in Table 2.

There is limited evidence available during this
evolving stage of the COVID-19 pandemic. As such,
modifications to our existing protocols were made by
consensus and were based upon published reports from
countries with earlier COVID-19 experience and data
available from the 2003 SARS epidemic. The policies
that were developed at UCSF are aligned with the posi-
tion statement on tracheostomy recently published by
the Airway and Swallowing Committee of the American
Academy of Otolaryngology-Head and Neck Surgery
(AAO-HNS).®

TABLE 2
of tracheostomy care

Summary of mitigation strategies at various phases

Considerations and mitigation

Phase of care strategies

Preoperative Decrease in viral shedding:

» Testing available—Deisolation
after two negative PCR tests
in24h

» Testing unavailable—Consider
delaying tracheostomy until 21 d

postintubation

Location:

» ICU preferable- minimizes
transport

» Negative pressure room

Surgical team:

» Minimize number of staff members
during the procedure

» Use of appropriate PPE (airborne
and contact precautions)

Technical considerations:

« Patient paralysis to prevent
coughing

» Holding ventilation during
tracheotomy until cuff inflated and
circuit reconnected

Perioperative

Postoperative « Droplet precautions during

tracheostomy care

« Use of closed, inline suctioning

« Closed circuit with HEPA filter if
on mechanical ventilatory support

« HME when off ventilatory support

« Delaying the first tracheostomy
change to 1 mo or after deisolation
occurs for COVID-19 positive
patients

Abbreviations: COVID-19, coronavirus disease 2019; HEPA,
high-efficiency particulate arrestance; HME, heat and moisture
exchange; ICU, intensive care unit; PCR, polymerase chain reac-
tion; PPE, personal protective equipment.

4.1 | Tracheostomy and the SARS
epidemic

Experience with tracheostomy during the 2003 SARS epi-
demic offers a framework for management strategy dur-
ing the COVID-19 pandemic. In the context of the
current pandemic, Tay et al conducted a literature review
of tracheostomies performed during the SARS epidemic
and concluded the following: (a) proper PPE (N95 mask,
surgical cap, gown, goggles, and gloves) is of utmost
importance; (b) surgical tracheostomy is preferably per-
formed in a negative pressure ICU room by experienced
providers with meticulous planning and seamless com-
munication; (c) aerosol generation should be minimized
through patient paralysis, ventilation hold during crea-
tion of tracheal window, and utilization of HEPA-filtered
suction systems. This group identified no cases of SARS
transmission to the surgical team in 23 tracheostomies.’
Others have reported on PPE for tracheostomy during
the SARS epidemic, drawing similar conclusions that use
of N95 masks, face shields, fluid-resistant gowns, and
gloves (contact and airborne precautions) provides effec-
tive protection against transmission to providers during
tracheostomy.®® N95 masks filter 99.5% of particles larger
than 0.75 pm, providing excellent protection against air-
borne particles with a mask that is appropriately fitted.'

4.2 | Role of preoperative testing and
duration of viral shedding

COVID-19 testing is accomplished via detection of SARS-
CoV-2 in a nasopharyngeal specimen or bronchoalveolar
lavage (BAL) using reverse transcriptase-polymerase
chain reaction (RT-PCR).!* The role of preoperative test-
ing in ascertaining the COVID-19 status of asymptomatic
individuals has emerged as a point of discussion, as the
prevalence of asymptomatic SARS-CoV-2 infection is
unknown but assumed to be meaningful given high rates
of community transmission.'*"?

At the time of this writing, due in large part to the rel-
ative lack of available testing supplies, there is not a stan-
dard protocol for preoperative testing of asymptomatic
patients planned for tracheostomy or other AGPs.
Patients who do not have respiratory symptoms sugges-
tive of COVID-19 have an unknown risk of being asymp-
tomatic carriers of disease. If resource availability
permits, preoperative testing prior to surgical interven-
tion is preferred, as a positive test would alert the health
care team to the increased risk, and surgery may be
deferred to maximize safety if clinically appropriate.

Importantly, for patient with some conditions, includ-
ing head and neck cancer, airway compromise may be
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imminent and necessitate urgent treatment with trache-
ostomy.'* Acute airway compromise, or inability to intu-
bate, as can occur in patients with head and neck cancer,
could necessitate an awake tracheostomy. In this sce-
nario, the patient is breathing orally and potentially
seeding the room with aerosolized viral particles. All pre-
cautions with appropriate PPE should be taken by the
surgical team in cases where potential airway manipula-
tion is anticipated. Currently, specialized hoods to cover
the patient and prevent aerosolization have been pro-
posed but are not widely available."”

Preoperative testing is significant in determining the
appropriate timing of tracheostomy for patients with
COVID-19 infection. For patients with known disease,
testing is a reasonable surrogate for viral clearance.
BAL is the most sensitive means of testing and is rec-
ommended in intubated patients."' These tests will be
important in enacting deisolation protocols, whereby
hospitalized patients with recent infection may be
removed from an isolation environment. One such pro-
posed deisolation protocol calls for two consecutive neg-
ative PCR tests 24 hours apart.’® Due to constraints on
the availability of testing and the turnaround time for
results, preoperative testing may not be universally
feasible.

In the absence of a standard preoperative testing
protocol, we have proposed not pursuing early tracheos-
tomy, but rather delaying for COVID-19 positive
patients in order to reduce exposure to higher viral
loads, which are expected to peak in the first few days
of symptom onset.'® The duration of viral shedding is
estimated to be between 20 and 24 days from symptom
onset, based on laboratory testing of nasopharyngeal
swabs. The longest observed duration of shedding
reported in one study was 37 days.>'® Importantly, viral
loads in asymptomatic and symptomatic patients are
believed to be similar,'® highlighting the need for
proper PPE and surgical protocols in all cases of trache-
ostomy. The optimal timing of tracheostomy for asymp-
tomatic patients without ARDS is not clear. At UCSF,
we have elected to maintain standard timing of 10 to
14 days postintubation for this group.

The clinical course of the COVID-19 infected patient
is well described by Zhou et al, who found the median
time from illness onset to dyspnea was 13 days and dys-
pnea to invasive mechanical ventilation was 10 days.” In
pre-pandemic conditions, we typically aim to perform
tracheostomy for patients requiring prolonged mechani-
cal ventilation by 10 to 14 days postintubation. In the
current pandemic, we propose when resources are avail-
able, that an additional week of mechanical ventilation
be permitted to reduce viral load and thereby limit risk to
health care personnel.

4.3 | Indications for tracheostomy

The benefits of tracheostomy are well established. These
include facilitated ability to wean sedation and mitigation
of sedation-associated delirium, improved patient com-
fort, and facilitation of weaning to spontaneous ventila-
tion. The optimal timing of tracheostomy varies by
clinical context; outside of the current pandemic, it is
generally recommended to be performed within 2 weeks
postintubation. Prolonged intubation is associated with
postintubation laryngotracheal stenosis, but in systematic
reviews, early tracheostomy (typically <10 days) has not
been shown to reduce risk of this complication.'”**

The role of tracheostomy during the COVID-19 pan-
demic remains to be determined. Poor patient outcomes
and resource scarcity may well have a dramatic influence
on the total number of tracheostomies performed. In
published studies from the Chinese experience, survival
of COVID-19 after mechanical ventilation is low (<20%)
and Zhou et al determined that the time from illness
onset to death in nonsurvivors of COVID-19 was just
18.5 days.>” If this trend holds as the pandemic pro-
gresses, the obvious implication is that early tracheos-
tomy may be a futile endeavor for most patients, and late
tracheostomy is not likely to assist in ventilatory
weaning.

44 | Potential alterations in event of a
surge in cases

The COVID-19 pandemic presents a rapidly shifting land-
scape of clinical care. Of primary concern within the
United States at the time of this writing is the relative
scarcity of mechanical ventilators to support critically ill
patients. This resource scarcity could lead to a push to
perform tracheostomies, though whether this would
allow for a more expeditious ventilator weaning process
is unclear. Continued close collaboration with our Criti-
cal Care and Ethics colleagues will be imperative to navi-
gate this scenario should it arise. It is important to
acknowledge that conditions other than COVID-19 will
still need to be addressed during this time period and
may require tracheostomy. The need for mechanical ven-
tilation in patients with other conditions should be con-
sidered when developing and applying COVID-19
guidelines.

5 | CONCLUSIONS

During the COVID-19 pandemic, standard pathways and
guidelines for tracheostomy and tracheostomy care
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should be carefully reconsidered. Additional measures
should be taken to protect health care providers who are
at increased risk of infection. Special care must be taken
in the selection of patients for tracheostomy with consid-
eration of delayed timing for patients with COVID-19.
While the landscape of care is rapidly shifting, the above
guidelines are intended to support safe and effective clini-
cal decision making during this challenging time.
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