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ABSTRACT

Objective: To develop a team-based institutional infrastructure for navigating man-
agement of a novel disease, to determine a safe and effective approach for per-
forming tracheostomies in patients with COVID-19 respiratory failure, and to
review outcomes of patients and health care personnel following implementation
of this approach.

Methods: An interdisciplinary Task Force was constructed to develop innovative
strategies for management of a novel disease. A single-institution, prospective, non-
randomized cohort study was then conducted on patients with coronavirus disease
2019 (COVID-19) respiratory failure who underwent tracheostomy using an induced
bedside apneic technique at a tertiary care academic institution between April 27,
2020, and June 30, 2020.

Results: In total, 28 patients underwent tracheostomy with induced apnea. The me-
dian lowest procedural oxygen saturation was 95%. The median number of venti-
lated days following tracheostomy was 11. There were 3 mortalities (11%) due to
sepsis and multiorgan failure; of 25 surviving patients, 100% were successfully dis-
charged from the hospital and 76% are decannulated, with a median time of
26 days from tracheostomy to decannulation (range 12-57). There was no symptom-
atic disease transmission to health care personnel on the COVID-19 Tracheostomy
Team.

Conclusions: Patients with respiratory failure from COVID-19 disease may benefit
from tracheostomy. This can be completed effectively and safely without viral
transmission to health care personnel. Performing tracheostomies earlier in the
course of disease may expedite patient recovery and improve intensive care unit
resource use. The creation of a collaborative Task Force is an effective strategic
approach for management of novel disease. (JTCVS Techniques 2021;6:172-7)
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Components for a safe and effective apneic trache-
ostomy in patients with COVID-19.
t

CENTRAL MESSAGE

Patients with COVID-19 respira-
tory failure may benefit from
tracheostomy, which can be
completed effectively and safely
and without symptomatic viral
transmission to health care
personnel.
PERSPECTIVE
Despite established benefits of tracheostomies,
infectious concerns in the context of a pandemic
are paramount. With induced apnea, tracheos-
tomy can be done safely in patients with
COVID-19 and with excellent clinical outcomes.
It may be beneficial to perform tracheostomies
earlier in the disease to expedite patient recovery
and ventilator liberation and to optimize ICU
resource use.

See Commentaries on pages 178 and 180.
ing to more than 590,000 deaths globally
The emergence of severe acute respiratory distress syn-
drome coronavirus 2 (SARS-CoV-2) and associated corona-
virus disease 2019 (COVID-19) has rapidly evolved into an
overwhelming global pandemic, affecting more than 185
countries and lead
to date.1 Severe disease manifests with deterioration in res-
piratory status, frequently culminating in profound respira-
tory failure requiring prolonged mechanical ventilatory
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Abbreviations and Acronyms
COVID-19 ¼ coronavirus disease 2019
ECMO ¼ extracorporeal membrane

oxygenation
ICU ¼ intensive care unit
OR ¼ operating room
PPE ¼ personal protective equipment
RT ¼ respiratory therapist
SARS-CoV-2 ¼ severe acute respiratory distress

syndrome coronavirus 2

Weiss et al Thoracic: Trachea
support.2 Early data suggest that approximately 3% to 10%
of patients with coronavirus ultimately require intubation
during their hospitalization,2,3 with mortality rates of intu-
bated patients as high as 70%.4,5 The acute influx of pa-
tients requiring intubation and ventilatory support has
overwhelmed health care systems globally, leading to the
urgent need to develop management strategies to optimize
supportive care while appropriately balancing risk of trans-
missibility to health care workers and shortages of personal
protective equipment (PPE).

Traditionally, patients with respiratory failure are
candidates for tracheostomy if they require mechanical
ventilatory support for 7 to 10 days or more.6 A
tracheostomy facilitates ventilator weaning, reduces the
need for sedation, enables earlier patient mobilization,
and decreases the risk of laryngotracheal stenosis.7-9 In
the context of the current pandemic, tracheostomy helps
mitigate the potential hazards associated with therapies
such as high-flow oxygen or noninvasive ventilation,
which can generate potentially infectious aerosolized
particles.10 In addition, in the context of limited intensive
care unit (ICU) space and resources, tracheostomy
facilitates patient transition from ICU-level care to
inpatient rehabilitation, resulting in net increase of
available ICU beds for other patients in need.

The risk of infectious aerosolization poses a challenge to
traditional practices guiding patient selection, timing, and
appropriateness for tracheostomy in patients with SARS-
CoV-2 respiratory failure.11 Current literature suggests
that the overall prognosis for patients with COVID-19 in
the ICU is poor.4 Uncertainties regarding disease progres-
sion, and data portending dismal outcomes, raise concerns
that tracheostomy for patients with COVID-19 may be a
clinically futile pursuit; in certain centers, tracheostomy
has been eliminated from consideration for any patient
with suspicion for active viral shedding.11,12 Aerosolized
transmission raises significant infectious concerns for
health care workers performing procedures on patients
with COVID-19 and generates fear regarding the potential
impact of frontline health care workers succumbing to the
disease.13,14 Finally, in an era of acute resource shortages,
the procedure requires consumption of PPE, which may
be scarce in supply.
Determining the optimal technique, selection criteria,

and timing for tracheostomies in patients with COVID-19
respiratory failure is at the forefront of clinical need.
Here, we describe our early pandemic experience at a
single, tertiary care academic institution performing trache-
ostomies in patients with respiratory failure secondary to
SARS-CoV-2 infection.We present a framework for trache-
ostomy team organization, a modified procedural technique
to minimize risk of viral transmission, and a discussion of
patient as well as health care personnel outcomes.
METHODS
A single-institution, prospective, nonrandomized cohort study was con-

ducted on patients with COVID-19 who underwent tracheostomy at the

Brigham and Women’s Hospital in Boston, Massachusetts, between April

27, 2020, and June 30, 2020. Data including demographic information,

medical history, admission data, procedural details, duration of ventilator

use, length of stay, and disposition information were clinically monitored

and collected from electronic health records. The study was approved by

the Partners Healthcare Institutional Review Board (institutional review

board #2014P002478; December 2, 2018), and informed consent was

waived.

Onset of the pandemic prompted rapid assimilation of a highly orga-

nized COVID-19–specific infrastructure at the Brigham andWomen’s Hos-

pital to develop a calculated and effective strategic approach to

management of patients with SARS-CoV-2 infection. The “COVID-19

Task Force” leveragedmultidisciplinary input to formulate a detailedmeth-

odology for safe and expeditious performance of tracheostomies in select

patients with COVID-19 respiratory failure.

The COVID Tracheostomy Team
The institutional Task Force designated a subset of experienced and

collaborative individuals to comprise the COVID-19 Tracheostomy

Team. Approaches to management, procedural technique, and timing for

COVID-19 tracheostomies were team-designed and implemented. Poten-

tial patients were reviewed, and the decision to proceed with tracheostomy

prompted assignment of 5 essential team members for each case: 2 sur-

geons, 1 anesthesiologist, 1 nurse, and 1 operating room (OR) technician.

Before any procedure, these 5 team members would briefly convene to re-

view patient details and COVID-19–specific safety protocols established

by the Task Force.

Patient Selection
Minimal physiologic criteria for patient selection included the ability to

remain positioned supine for 30 minutes, a fraction of inspired oxygen

requirement less than 60%, and positive end-expiratory pressure less

than or equal to 12 mm Hg. An intubation time in excess of 3 weeks was

initially suggested for consideration of tracheostomy based on available ev-

idence from other institutions; however, positive outcomes and few compli-

cations prompted relaxation of that timeline to approximately 2 weeks in

certain circumstances.

Location
All tracheostomies were completed in negative-pressure rooms. Most

were completed in the patient’s ICU room; however, select cases were per-

formed in the OR due to high-risk anatomy or because of concurrent,

planned procedures. The ICU setting provided several benefits, namely,

fewer disconnections from the ventilator and minimal exposure of hospital
JTCVS Techniques c Volume 6, Number C 173



Thoracic: Trachea Weiss et al
personnel (ie, no transport team or bystander exposure during patient

travel). The ventilator control panel was positioned outside the room to

enable control by a respiratory therapist (RT) without requiring direct pa-

tient contact with every adjustment, and to minimize the number of individ-

uals in the room. A nurse and scrub technician were present for every

tracheostomy as part of the assigned team; however, they remained outside

the patient room for ICU-based procedures to reduce the risk of unneces-

sary viral exposure (Figure 1).

Equipment
A standardized set of equipment was used for each case, including a

Blue Rhino tracheostomy kit (Cook Medical, Bloomington, Ind), an adult

bronchoscope (Olympus America, Center Valley, Pa), an electrocautery

source, sterile towels, a thyroid drape, PROLENE sutures (Ethicon, Bridge-

water, NJ), and a Portex tracheostomy tube (cuffed, non-fenestrated)

(Smiths Medical, Minneapolis, Minn). An open surgical instrument tray

was also available for all cases, including those done percutaneously.

Personal Protective Equipment
Before room entry, personnel performing the procedure donned an N95

respirator mask, a standard surgical mask, a disposable scrub cap or bouf-

fant, a Halyard isolation gown, surgical hood, surgical gown, closed eye

protection, a face shield, inner and outer gloves, and knee-high shoe covers.

A trained PPE observer was present to verify proper donning and doffing.

Positioning and Technique
Following initiation of paralysis and titration of sedation by the COVID-

19 team anesthesiologist, the RT initiated a set respiratory rate with 100%

inspired oxygen to minimize the potential for desaturation during the pro-

cedure. Patients were positioned supine with a transverse rolled towel

beneath the scapulae to augment neck extension. Following palpation of

the anterior wall of the trachea and identification externally of the intended

insertion site, the anesthesiologist directed RT to place the ventilator in
FIGURE 1. Setup for COVID-19 apneic tracheostomy in the intensive care un

surgeon at the right side of the bed. OR, Operating room.
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standby mode. After initiation of apnea, the anesthesiologist disconnected

the endotracheal tube from the ventilator circuit, advanced the broncho-

scope through the endotracheal tube, deflated the endotracheal balloon,

and withdrew the endotracheal tube under bronchoscopic view of the

airway. Point pressure was visualized with the bronchoscope to verify

the targeted location for placement. The Blue Rhino needle and angiocath-

eter were advanced under direct vision into the airway, and the remainder of

the percutaneous dilational tracheostomy procedure was completed using a

standard Seldinger technique. Immediately following cuff inflation and re-

connection of the ventilator circuit as a closed system, the indication to

resume ventilatory support was given.
RESULTS
From April 27, 2020, to June 30, 2020, 28 patients at the

Brigham and Women’s Hospital underwent elective trache-
ostomy due to respiratory failure secondary to COVID-19
disease (Table 1). The patient cohort ranged from 26 to
81 years of age (median 57 years), with a sex distribution
of 71% male and 29% female. The predominance of
male patients in this cohort is consistent with current liter-
ature demonstrating greater rates of severe disease among
men.15 Underlying pulmonary conditions were present in
32% of patients. More than one half (61%) were managed
with prone positioning during their hospital stay, and 25%
were patients who required venovenous extracorporeal
membrane oxygenation (ECMO) support due to severity
of disease. COVID-19 positivity was confirmed within
1 week of tracheostomy for 75% of the patients; for the re-
maining 25%, COVID-19 positivity was confirmed at the
time of admission.
it setting, with the anesthesiologist at the head of the bed and the primary



TABLE 1. COVID-19 tracheostomy patient demographics

Characteristics Patients

Median age, y (range) 57 (26-81)

Sex (% male) 71%

Median BMI (range) 28.5 (22.2-69.1)

Underlying pulmonary disease 32%

Other medical comorbidity

Immunocompromised 7%

Cardiac disease 21%

Hypertension 43%

Diabetes 43%

Chronic kidney disease 11%

Transfers from outside hospitals 75%

Proned 61%

ECMO 25%

BMI, Body mass index; ECMO, extracorporeal membrane oxygenation.

TABLE 3. Tracheostomy procedural characteristics

Procedural Characteristic

Performed in ICU 25 (89%)

Percutaneous 27 (96%)

Number of personnel in room (ICU vs OR) 3 vs 5

Median minutes of intraprocedural apnea (range) 3 (1-5)

Median lowest procedural oxygen

saturation (range)

95% (62%-100%)

ICU, Intensive care unit; OR, operating room.

TABLE 4. COVID-19 tracheostomy postoperative patient outcomes

Weiss et al Thoracic: Trachea
The timing of notable periprocedural events is detailed in
Table 2. The median number of days from the time of initial
intubation to the time of tracheostomy was 26 (range
12-48 days). All procedures were completed in negative-
pressure rooms. Of 28 cases, 25 (89%) were performed in
the patient’s ICU room, and 27 (96%) were completed
via percutaneous approach. Three team members were pre-
sent in the room for cases completed in the ICU, and 5 team
members were present in the room for procedures
completed in the OR due to case complexity, demonstrating
an additional benefit in the form of risk reduction for expo-
sure to health careworkers when the procedure is performed
in the ICU.

Aerosolization of secretions was minimized by perform-
ing airway entry and placement of the tracheostomy tube
under deliberate and controlled apneic conditions. Paralysis
was instituted to minimize response to airway manipulation
to further decrease the risk of aerosolization. There were no
physiologic concerns or clinically significant hemodynamic
derangements during the period of apnea in 96% of cases.
One patient with a body mass index of 69, whose procedure
was performed in the OR for anatomic concerns, became
transiently bradycardic during the period of controlled ap-
nea, with return to preapneic heart rate immediately upon
resumption of ventilatory support. The median procedural
apnea time was 3 minutes (range, 1-5 minutes), with a me-
dian lowest recorded procedural oxygen saturation of 95%
TABLE 2. Timing of tracheostomy events

Event Median days (range)

Pretracheostomy intubation 26 (12-48)

Tracheostomy to ventilator liberation 11 (2-42)

ICU stay following tracheostomy 11 (2-39)

Tracheostomy to decannulation 26 (12-57)

ICU, Intensive care unit.
while on 100% fraction of inspired oxygen during the pro-
cedure (Table 3).
The median number of days from tracheostomy to liber-

ation from the ventilator was 11 (range, 2-42 days). There
were 3 mortalities (11%) due to sepsis and multisystem or-
gan failure, 2 of whom were patients on ECMO; of the re-
maining 25 patients, 100% were successfully discharged
from the hospital. At the time of publication, 76% have
been decannulated, with a median time of tracheostomy
to decannulation of 26 days (range, 12-57 days) (Table 4).
There were zero instances of symptomatic disease transmis-
sion to health care personnel on the COVID-19 Tracheos-
tomy Team.
Wound complications occurred in 6 (21%) patients,

including 3 patients with bleeding; all 3 instances of postop-
erative bleeding occurred in patients on ECMO support.
Tracheostomy dislodgement occurred in 4 (14%) patients.

DISCUSSION
Following reports of poor survival and risks of health care

worker exposure,13 our institution and others originally
advocated against elective aerosol-generating procedures
for patients with COVID-19 disease.11 This study is one
of the first to describe a modified tracheostomy technique,
in conjunction with outcomes for patients and health care
personnel following adoption of that technique, that sup-
ports elective tracheostomy. This technique, rapidly
conceived and developed in response to an acute need, sug-
gests that implementation of an experienced and dedicated
team can provide early and effective care for high-risk pa-
tients with COVID-19. The technique itself is straightfor-
ward and requires equipment that is readily available at
Outcome N ¼ 28

Weaned off vent 25

Decannulated 19

Complications 10

Mortality 3

Discharged from the hospital (alive) 25

Home 5

JTCVS Techniques c Volume 6, Number C 175
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most institutions, enabling facile widespread adoption of
our approach. Percutaneous dilational tracheostomy has
previously been demonstrated to be both quicker and less
expensive than traditional open surgical tracheostomy.16

Our single-institution cohort of 28 patients is similar to
other series in the current literature.17,18 We demonstrate
excellent outcomes, with longer follow-up, which allows
us to describe a more comprehensive assessment than other
similarly-sized case series.17,18

The median number of days from the time of initial intu-
bation to the time of tracheostomy was 26 days; however,
the median duration to successful wean off the ventilator
was only 11 days. Excluding mortalities, 100% were
weaned off the ventilator, 100% of patients were dis-
charged from the hospital, and 76% of patients were decan-
nulated. These data suggest that the tracheostomy may
promote more efficient ventilator weaning by means of
decreased sedation, better airway hygiene, and increased
ability to participate in physical therapy. Performing an
earlier tracheostomy after 10 to 14 days of intubation could
potentially result in shorter overall ventilator requirements.
This has significant potential implications not only for aug-
menting patient recovery but also for improving ICU
resource use.

Patients tolerated the brief period of induced apnea
without notable complications and without developing sig-
nificant hypoxia. The use of 2 experienced surgeons for
each procedure minimizes procedural duration and apnea
time. Performing the tracheostomy insertion under bron-
choscopic guidance reduces the risk of inadvertent injury
to the posterior membranous portion of the trachea by
providing direct visualization of the airway. Importantly,
there were zero instances of symptomatic viral transmission
from patients undergoing tracheostomy to health care
personnel on the COVID-19 Tracheostomy Team. The
data support the safety and efficacy of this approach for
the patient, as well as appropriate risk mitigation for those
performing the procedure. Wound complications occurred
in 6 patients (21%), and inadvertent tracheostomy
dislodgement occurred in 14%, both of which are markedly
greater than expected. Postprocedure stoma care presented
an unanticipated challenge as it was subject to—and
possibly compromised by—pandemic-specific safety mea-
sures, namely, those focused on minimizing direct patient
contact to mitigate risk of transmission to hospital staff.
Although it is fundamentally important to prioritize the
safety of frontline workers, we suspect the resultant
decrease in postprocedure face-to-face patient encounters
led to less frequent and fewer total stoma evaluations post-
procedurally. There was, consequently, greater risk for de-
layed identification of problems such as infection, local
skin trauma, tracheostomy tube migration, or bleeding.

Our mortality rate of 10.7% is similar to the 7%
described by Angel and colleagues18 and the 11.3%
176 JTCVS Techniques c April 2021
described by Chao and colleagues17; however, approxi-
mately 40% of the patients in both of those studies were
still requiring positive pressure ventilatory support at the
time of publication. At the time of this submission, all sur-
viving patients have been liberated from the ventilator. Our
outcomes suggest that patients with COVID-19 still actively
requiring ECMO support may harbor a greater risk of sig-
nificant morbidity and mortality associated with tracheos-
tomy, and further assessment of ability to wean off
ECMO support before proceeding with tracheostomy may
be warranted.

There are several limitations with this study. For one, the
experience and outcomes derive from a single center. Pa-
tient selection was not randomized, and there is potential
for outcome bias inherent in selecting patients for the pro-
cedure who have already demonstrated relatively long sur-
vival on the ventilator. Extended follow-up data on patient
outcomes are somewhat limited in favor of prioritizing early
dissemination of information; however, we feel that this
study represents the most comprehensive review of early
outcomes of patients who underwent tracheostomy for
COVID-19 infection. Criteria for patient selection and spe-
cific procedural methodologies may need to evolve as
further research elucidates the intricacies of disease patho-
physiology, and with advancement of treatment options and
updated management strategies.
CONCLUSIONS
Accumulating and analyzing data and outcomes is para-

mount for establishing effective patterns and practices to
inform and guide COVID-19 clinical care moving forward.
This is one of the first studies to report specific strategies for
risk mitigation when performing tracheostomies for
patients with COVID-19, in conjunction with reporting a
relatively large cohort of patient outcomes after implemen-
tation of those strategies. Our experience demonstrates that
patients with respiratory failure secondary to COVID-19
disease benefit from tracheostomy, and that this procedure
can be completed safely and without viral transmission to
health care personnel. It may be beneficial to perform
tracheostomies earlier in the clinical course of the disease
to promote expedited patient recovery and ventilator liber-
ation and to optimize ICU resource use. An organized,
team-based infrastructure is advantageous in development
of modified techniques for management of novel disease
and facilitates a methodologic approach for successful
delivery of advances in clinical care.
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