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Objective: To determine the outcomes of patients undergoing tracheostomy

for COVID-19 and of healthcare workers performing these procedures.

Background: Tracheostomy is often performed for prolonged endotracheal

intubation in critically ill patients. However, in the context of COVID-19,

tracheostomy placement pathways have been altered due to the poor prognosis

of intubated patients and the risk of transmission to providers through this

highly aerosolizing procedure.

Methods: A prospective single-system multi-center observational cohort

study was performed on patients who underwent tracheostomy after acute

respiratory failure secondary to COVID-19.

Results: Of the 53 patients who underwent tracheostomy, the average time

from endotracheal intubation to tracheostomy was 19.7 days� 6.9 days. The

most common indication for tracheostomy was acute respiratory distress

syndrome, followed by failure to wean ventilation and post-extracorporeal

membrane oxygenation decannulation. Thirty patients (56.6%) were liberated

from the ventilator, 16 (30.2%) have been discharged alive, 7 (13.2%) have

been decannulated, and 6 (11.3%) died. The average time from tracheostomy

to ventilator liberation was 11.8 days� 6.9 days (range 2–32 days). Both open

surgical and percutaneous dilational tracheostomy techniques were performed

utilizing methods to mitigate aerosols. No healthcare worker transmissions

resulted from performing the procedure.

Conclusions: Alterations to tracheostomy practices and processes were

successfully instituted. Following these steps, tracheostomy in COVID-19

intubated patients seems safe for both patients and healthcare workers

performing the procedure.
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R espiratory decompensation with the need for mechanical venti-
lation is the hallmark of severe novel coronavirus 2019 (COVID-

19) caused by the virus SARS-CoV-2. In such cases, patients develop
acute respiratory distress syndrome (ARDS) with the resultant need
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for mechanical ventilation.
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We have previously reported evidence-based recommenda-
tions for tracheotomy in intubated COVID-19 patients.1 In the
available literature at the time, intubated patients exhibited a poor
prognosis with few surviving to extubation.2,3 This has been corrob-
orated by data from the United States with an 88% mortality rate for
patients who are placed on the ventilator.4 A small subset of patients
demonstrated prolonged invasive mechanical ventilation for as long
as 31 days which suggested that some of these patients may benefit
from a tracheotomy to facilitate ventilator weaning.5 Studies have
also shown that most patients no longer exhibit viral shedding by
21 days from symptom onset, though viral detection may not truly
reflect the patient’s infectious potential.6–9

For these reasons, we determined that avoidance of tracheos-
tomy before 21 days of endotracheal intubation was prudent, offering
only to patients with anticipated ventilator liberation survival. We
acknowledged that some patients may warrant tracheostomy earlier
than 21 days for reasons such as pulmonary toilet or need for sedation
weaning. Others have similarly recommended tracheostomy no
sooner than 2–3 weeks after intubation with similar criteria, despite
the fact that long-term laryngeal problems may result from longer
periods of intubation.10–13

In patients warranting tracheostomy, appropriate personal
protective equipment (PPE) is critical to mitigate transmission during
this aerosol-generating procedure. Other principles of limiting the
number of personnel present, performing the procedure in a negative
pressure room, and novel procedural modifications to minimize
aerosolization also help to achieve this goal. Others have published
similar recommendations that follow these guidelines.14–18

To reduce aerosolization during the procedure, we suggested
open surgical tracheostomy may be safer compared to a standard
percutaneous dilational tracheostomy (PDT) technique which is
supported by others.16 However, based on more recent experience,
adjustments can be made to the PDT procedure that reduce aerosoli-
zation time to an amount similar to the open technique.19

Here, we describe our early experience with tracheostomy
in the COVID-19 patient population and discuss findings in our
initial cohort of patients with respect to both patient and provider
outcomes. As this is the first available data in the literature on this
topic, we hope to further refine existing guidelines based on this
emerging evidence.

METHODS

Institutional Review Board exemption was obtained from the
University of Pennsylvania. A single-system multi-center prospec-
tive nonrandomized cohort study of patients with COVID-19 under-
going tracheostomy was performed including 5 hospitals within the
University of Pennsylvania Health System. Data including demo-
graphic information, past medical history, admission information,
presence of ARDS, duration of ventilator requirement, tracheostomy
procedure details, complications, length of stay, and disposition
information was collected from the electronic health record and
er Health, Inc. All rights reserved.

stored in REDCap.
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TABLE 2. Indications for Tracheostomy and the Relationship
to Time From Intubation and Time to Ventilator Liberation

Characteristic Patients (n ¼ 53)

Indications for tracheostomy
ARDS – no. (%) 32 (60.4)
Failure to wean – no. (%) 11 (20.8)
ECMO decannulation – no. (%) 5 (9.4)
Airway edema – no. (%) 3 (5.7)
Sedation – no. (%) 1 (1.9)
Secretion management – no. (%) 1 (1.9)

Days intubated before tracheostomy, all indications 19.7� 6.9 (8–42)
ARDS – d (range) 21.4� 7.5 (11–42)
Failure to wean without ARDS – d (range) 17.3� 4.6 (10–21)
ECMO decannulation – d (range) 16.4� 4.7 (13–24)
Airway edema – d (range) 17.7� 8.5 (8–24)
Sedation – d 13
Secretion management – d 21

Reintubated patients – no (%) 7 (13.2)
Days reintubated before tracheostomy (range) 5.4� 4.8 (0–14)

ARDS indicates acute respiratory distress syndrome; ECMO, tracorporeal membrane
oxygenation.
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Co-morbidities were defined as conditions identified by the
Centers for Disease Control and Prevention as high-risk factors for
severe illness from COVID-19.20 Ventilator liberation was defined as
the first full 24-hour period without ventilator assistance. Addition-
ally, information on healthcare worker (HCW) and hospital factors,
such as the type of PPE used, number of personnel, and presence of
COVID-19 infection were collected. An interim analysis of the data
was performed. Statistical analysis was performed via 2-tailed
independent t-test for equal variances. A Pearson correlation coeffi-
cient was calculated using RStudio where applicable.

RESULTS

To date, tracheostomy has been performed in 53 COVID-19
patients with acute respiratory failure (Table 1). Patients undergoing
the procedure were predominantly male (33 patients, 62%) reflecting
findings of higher disease severity in males in the literature.21 The
average age was 62.0 years� 14.3 years (range 23.5–81.7 years).
81% of patients had at least 1 comorbidity. Thirteen patients were
white (25%) and 23 were black (43%) which not only correlates with
the demographic makeup of our institution’s catchment area but also
reflects national trends of a higher disease prevalence amongst racial
minority groups.22

ARDS was the most common indication for tracheostomy (32
patients, 60%), followed by failure to wean ventilation without ARDS
(11 patients, 21%), extracorporeal membrane oxygenation (ECMO)
decannulation (5 patients, 9%), persistent airway edema (3 patients,
6%), need for secretion management (1 patient, 2%), and need for
sedation management (1 patient, 2%) (Table 2). Thirty-four patients
(64.2%) had been proned previously as part of their ARDS manage-
ment but none were proned in the 24 hours before tracheostomy.

The average time of intubation before tracheostomy, defined
as the time from first intubation to tracheostomy, was 19.7 days� 6.9
 Copyright © 2020 Wolters Kluw

days, with a range of 8–42 days. There was no significant difference

TABLE 1. Demographic Characteristics of Patients With
COVID-19 Who Underwent Tracheotomy

Characteristic Patients (n ¼ 53)

Age – yrs (range) 62.0� 14.3 (23.5-81.7)
Male sex – no. (%) 33 (62.3)
BMI (range) 32.6� 10.1 (20.3–61.6)
Comorbidities

Age >65 yr – no. (%) 27 (50.9)
Chronic lung disease – no. (%) 15 (28.3)
Heart conditions – no. (%) 29 (54.7)
Immunocompromise – no. (%) 3 (5.7)
BMI >40 – no. (%) 11 (20.8)
Diabetes – no. (%) 12 (22.6)
Chronic kidney disease – no. (%) 10 (18.9)
Liver disease – no. (%) 2 (3.8)
Living in nursing home or
long-term care facility – no. (%)

4 (7.5)

None – no. (%) 10 (18.9)
Indications for trach

ARDS – no. (%) 32 (60.4)
Failure to wean – no. (%) 11 (20.8)
ECMO decannulation – no. (%) 5 (9.4)
Airway edema – no. (%) 3 (5.7)
Sedation – no. (%) 1 (1.9)
Secretion management – no. (%) 1 (1.9)

Proned during ICU stay – no. (%) 34 (64.2)
On ECMO before/at time of tracheostomy – no. (%) 7 (13.2)

ARDS indicates acute respiratory distress syndrome; BMI, body mass index;
ECMO, tracorporeal membrane oxygenation; ICU, intensive care unit.

e182 | www.annalsofsurgery.com
in time of intubation before tracheostomy between indications. Seven
patients failed extubation and required reintubation before tracheos-
tomy. In this group, the average time between reintubation and
tracheostomy was 5.4 days� 4.8 days (range 0–14 days).

Tracheostomies were performed by 11 different attending
surgeons amongst 5 hospitals. Institution-specific standard perioper-
ative antibiotic prophylaxis was given in all cases. All patients were
fully paralyzed to minimize coughing and aerosolization during
airway manipulation. Open tracheostomy and PDT were both per-
formed depending on surgeon preference and expertise. A total of 29
PDTs and 24 open surgical tracheostomies were performed (Table 3).
All open tracheostomies utilized a Björk flap, with the exception of 2
revision tracheostomies in patients with a distant history of trache-
ostomy and subsequent decannulation for unrelated reasons. Björk
flaps were created whereas the endotracheal tube (ETT) balloon was
er Health, Inc. All rights reserved.

more distal in the airway. Before pulling the ETT proximally and

TABLE 3. Tracheostomy Procedural and Technical Consider-
ations

Characteristic Patients (n ¼ 53)

Tracheostomy technique
Percutaneous – no. (%) 29 (54.7)
Open – no. (%) 24 (45.3)

Tracheostomy tube size
6–0 – no. (%) 24 (45.3)
8–0 – no. (%) 25 (47.2)
Other – no. (%) 4 (7.5)

PPE used
PAPR – no. (%) 30 (56.6)
N95þ eye protection – no. (%) 26 (49.0)

Number of personnel
Percutaneous – no. (range) 3.4 (3–4)

Three people – no. (%) 13 (24.5)
Four people – no. (%) 10 (18.9)

Open – no. (range) 2.3 (2–4)
Two people – no. (%) 14 (26.4)
Three people – no. (%) 3 (5.7)
Four people – no. (%) 1 (1.9)

PAPR indicates powered air-purifying respirator; PPE, personal protective
equipment.
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FIGURE 1. Correlation between time from first intubation to tracheostomy and time from tracheostomy to ventilator liberation P¼ 0.04.
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inserting the tracheostomy, positive pressure ventilation was discon-
nected or paused. Ventilation was resumed when the tracheostomy
tube cuff was inflated and the ventilator circuit was connected.

Slight variations in technique for PDT was observed. Bron-
choscopic assistance was used in all PDT cases utilizing disposable
bronchoscopes. In 19 of the 29 PDT cases, aerosolization was
minimized by disconnecting the ETT from the ventilator whereas
the bronchoscope was in the ETT. Ventilation was not resumed until
the tracheostomy tube cuff was inflated and the ventilator circuit was
connected. In the other 10 cases, the bronchoscope was placed
alongside the ETT and the cuff was repositioned so that it was below
the tracheal entry site whereas ventilation was continued.19 Ventila-
tion was suspended when the circuit was switched from the ETT to
the tracheostomy tube and resumed thereafter.

Thirty patients (56.6%) were liberated from the ventilator after
tracheostomy. The average time between tracheostomy and ventila-
tor liberation was 11.8� 6.9 days (range 2–32 days). Of these
patients, the average time of intubation before tracheostomy was
17.5� 4.9 days (range 8–30 days). There was a weak positive
correlation between time from intubation to tracheostomy and time
from tracheostomy to ventilator liberation (Fig. 1, R2 ¼ 0.14, P ¼
0.04). Fourteen patients (26.4%) have had their tracheostomy tube
downsized and 7 patients (13.2%) have been decannulated. The
average time to decannulation after tracheostomy was 16.6� 5.0
(11–24) days. Nineteen patients (35.8%) remain on some level of
ventilatory support.

At the time of manuscript preparation, 16 patients (30.2%)
patients have been discharged alive (Figure 2). Of these patients, the
average duration of intubation before tracheostomy was 17.4� 5.4
days (range 10–30 days) and the average hospital length of stay was
37.2� 9.7 days (range 18–51 days). Minor complications were
reported in 2 patients (3.8%), including cellulitis (1 patient) and
 Copyright © 2020 Wolters Kluw

bleeding (1 patient). Six patients (11.3%) died after tracheostomy. Of

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
patients who died, the average duration of intubation before trache-
ostomy was 22.7� 7.1 days (range 13–34 days) and the average time
from tracheostomy to death was 15.7� 9.2 days (range 1–26 days).

No transmissions to HCWs occurred during any procedure.
Airborne, contact, and droplet precaution-level PPE were worn by all
HCW in the room during the procedure. A powered air-purifying
respirator was used in 30 cases (56.6%) and an appropriately fitted
N95 was used in 26 cases (49.0%). For PDTs, 3 personnel members
were present in the room in 13 cases (24.5%) and 4 personnel
members were present in 10 cases (18.9%). For open tracheostomies,
2 personnel members were present in the room for 14 cases (26.4%),
3 personnel members were present in 3 cases (5.7%), and 4 personnel
members were present in 1 case (1.9%). All procedures, except 1
done in the operating room, were performed at the bedside in a
negative pressure room.

DISCUSSION

This study is one of the first to describe early outcomes of
tracheotomy patients with COVID-19. It is also the largest series in
the literature describing a variety of surgical techniques. Angel et al
demonstrated that a modified PDT technique could be safely per-
formed with proper PPE and reported no transmission to HCWs as a
result of the procedure.23 Of note, patients were eligible for PDT as
early as 5 days after intubation. They demonstrated a ventilator
liberation rate of 33%, a decannulation rate of 8%, and a mortality
rate of 7%. Other smaller series have similarly reported no HCW
transmission from involvement in tracheostomy procedures.24–27

Herein, we have reported not only on excellent outcomes with
regard to HCW safety during COVID tracheostomies, but also on
promising early outcomes for COVID-19 patients who have under-
gone tracheostomy, with higher rates of ventilator liberation and
decannulation than reported in comparably sized studies.23 In our
er Health, Inc. All rights reserved.

series, the average time from intubation to tracheostomy was slightly
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FIGURE 2. Patient reuniting with family after 31-d hospitaliza-
tion involving endotracheal intubation, open surgical trache-
ostomy, ventilator liberation, tracheostomy decannulation, and
discharge home. (Permission for use granted by all individuals
in photo).
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earlier than the originally anticipated 21 days per standard recom-
mendations, but consistent with global recommendations and in line
with trends in non-COVID critical care practice.10 Several factors
have likely led to this shift in our practice, including a number of
patients who required tracheostomy for reasons other than ARDS.
We had expected that resource utilization might become a factor, but
in our institution preparedness has avoided the need to do tracheos-
tomy solely for that reason.

Our local experience has also demonstrated that laryngeal
edema often presents after extubation in COVID-19 patients often
leading to stridor and the need for reintubation immediately after
planned extubation. In many, these are difficult reintubations due to
significant edema in patients who were originally straightforward
intubations. Similar experiences have been reported by others.28 At
our institution, this has also led to the creation of a strict extubation
planning protocol for extubation candidates, with the recommenda-
tion for tracheostomy in patients with multiple failed cuff leak tests
despite peri-extubation steroid treatment.

Use of ECMO has also led to earlier time to tracheostomy,
with an average time of intubation before tracheostomy of 16.4 days.
Though the role of ECMO in COVID-19 patients is uncertain,29,30

several institutions have utilized it for cases of severe ARDS with
refractory hypoxemia.31,32 Standard practice at many institutions,
including our own, is to perform tracheostomy after decannulation
from ECMO to minimize work of breathing and optimize ventilator

33
 Copyright © 2020 Wolters Kluw

liberation. Though the sample size is small, early tracheostomy in
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these patients may be beneficial, as 4 of the 5 post-ECMO patients in
our series have been liberated from the ventilator at the time of
manuscript preparation.

In our series, there was a weak positive correlation between
pre-tracheostomy intubation time and post-tracheostomy ventilator
dependence. Patients who underwent earlier tracheostomy tended to
achieve earlier ventilator liberation compared to patients who under-
went later tracheostomy. Though there may be confounding factors
including a selection bias of healthier patients for earlier tracheos-
tomy and the delay of tracheostomy in patients with questionable
prognoses, these results offer preliminary support for earlier
tracheostomy.

For these reasons, it is reasonable to consider early tracheos-
tomy for the appropriately selected patient, even before 14 days, if
the patient has favorable respiratory dynamics and earlier tracheos-
tomy would directly facilitate their recovery in terms of improved
secretion management, ventilator synchrony, and decreased need for
sedation.34 For patients who are simply critically ill on the ventilator
with ARDS, waiting 14–21 days before offering tracheostomy still
remains the standard recommendation. Additionally, before consid-
eration of tracheostomy, a goals of care discussion with the primary
team and the patient’s family regarding prognosis and expected
benefit from the procedure should occur.35 Of the 6 patients who
died in our series, all had complex past medical histories or hospital
courses. As with any critically ill patient, if prognosis seems poor
regardless of time of intubation, it may be prudent to recommend
against tracheotomy if this would ultimately not impact outcome.

Both percutaneous and open techniques were performed,
utilizing different methods to minimize aerosolization without major
complications. Patients should be fully paralyzed for the procedure.
Ventilation should be paused or disconnected whenever instrumen-
tation of the airway occurs below the cuff during PDT. Ventilation
may be continued in techniques where the cuff is inflated and below
the tracheal entry point. Although a percutaneous technique without
a bronchoscope was not performed, the technique remains feasible in
the appropriately selected patient with favorable anatomy as an
alternative method for minimizing aerosolization. However, pro-
viders must be cognizant of the risk of being unable to confirm cuff
and ETT position, even with the adjunct of ultrasound.

Approximately equal numbers of size 8-0 and 6-0 tracheos-
tomy tubes have been used, varying depending on expected potential
therapeutic bronchoscopy. In our experience, utilizing a larger sized
tube has not led to decreased air leakage or aerosolization. The
appropriately sized tracheostomy tube should be used based on the
anticipated need for extensive toilet bronchoscopy, composition of
secretions, and available bronchoscope sizing. In the absence of an
extensive need for specialized bronchoscopy, smaller tracheostomy
devices can reduce the risk of subsequent tracheal stenosis.36

Based on this series, with careful patient selection, tracheos-
tomy seems to be safe in this patient population. Thus far, with 30
patients liberated from the ventilator, 16 discharged alive, and 7
decannulated, patient outcomes after tracheostomy seem optimistic
compared to other series where the intubated COVID-19 patient’s
prognosis is extremely poor.2,3

This data also suggests that tracheostomies can be safe for
HCWs performing the procedure, though it should be noted that the
incubation period for those who have performed tracheostomy in our
center has not yet been completed at the time of manuscript prepa-
ration. Nevertheless, all providers passed symptom-based screenings
and daily temperature checks and thus did not meet institutional
criteria for SARS-CoV-2 testing. The initial recommendation of
avoiding tracheostomy sooner than 21 days was intended to balance
the expected prognosis of the patient with the risk to the provider.
er Health, Inc. All rights reserved.

This assumed a likely PPE scarcity and that most patients would no
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longer be infectious by 21 days of intubation. When PPE is readily
available and appropriately donned and doffed, the risk to personnel
can be effectively mitigated. Additionally, variations in PPE use
across providers and hospital centers in our series suggests that both
powered air-purifying respirators and an appropriately fitted N95
mask with eye protection afford adequate protection against SARS-
CoV-2 transmission.

The risk to providers may be reduced even further with the
increased availability of rapid COVID testing. Preoperative testing of
COVID-19 patients to determine viral clearance may help guide the
decision of when to perform a tracheostomy if PPE availability were
to become a concern, especially in light of recent studies suggesting
patients with severe disease have an even more prolonged duration of
viral shedding.37 Though not yet the protocol at our institution,
testing of proceduralists should be considered a priority as asymp-
tomatic HCW testing begins worldwide.

Additionally, we have shown that the procedure can be safely
performed while minimizing the number of HCWs present in the
room during the aerosolizing portion of the procedure. For open
surgical tracheostomies, as few as 2 people, the surgeon and the
respiratory therapist, are present in the room during the aerosolizing
portion of the procedure and the nurse administering medications
may leave the room before this point. For PDT, 1 additional person is
needed to operate the bronchoscope.

The importance of communication between services and the
integration of a multidisciplinary team despite differences in technique
cannot be overemphasized. At our institution, the development of
tracheostomy guidelines in COVID-19 patients was built on the foun-
dation of an established airway safety committee. From the conception
of the guidelines to the ongoing analysis of data, a collaborative effort
with the involvement of surgical and medical intensivists, general
surgeons, otolaryngologists, anesthesiologists, interventional pulmonol-
ogists, nurses, and respiratory therapists is paramount to the continued
refinement of our practice in an evidence-based way.

This further allows for a high degree of responsiveness to the
needs of the critical care teams primarily managing these patients.
Our COVID-19 tracheostomy task force coordinates tracheostomy
planning in an organized fashion to share rapidly, to discuss, and to
assess options including PPE variations and procedural experiences
across a network of hospitals. Moreover, each entity in our health
system has a clinician tracheostomy champion, and an identified
backup team, who works with the primary critical care team and the
ultimate procedure provider to minimize variation.

This study is limited by the inability to randomize patients to
tracheostomy or continued intubation. This may introduce bias
supporting tracheostomy for COVID-related intubation due to the
pre-selection of patients with a high chance of recovery. Factors such
as pre-tracheostomy ventilator settings and peri-procedural hypoxia
play a role in ventilator liberation and mortality and should be
investigated in future studies to further delineate candidacy for
tracheostomy. Additionally, though this is one of the first studies
on outcomes after tracheostomy in COVID-19 and one of the largest
series of patients receiving tracheostomy for any similar disease
outbreak, it is limited by a relatively small sample size. Additional
patients are needed to determine statistical significance of the data.
Further cohort analysis is needed to elucidate any potential benefit
from tracheostomy in this population and determine the optimal
timing of this procedure.

CONCLUSIONS

This study is one of the first to describe outcomes for a cohort
of patients who underwent tracheostomy after intubation for COVID-
 Copyright © 2020 Wolters Kluw

19. Our early experience demonstrates that tracheostomy can be

� 2020 Wolters Kluwer Health, Inc. All rights reserved.
performed in a way that maximizes safety of the surgeon while
achieving the desired outcome for the patient. Earlier tracheostomy,
before 14–21 days, may be warranted for select patients. Further
assessment of outcomes after tracheostomy in this patient population
is required.
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