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Background: Tracheostomy improves outcomes for critically ill patients requiring prolonged
mechanical ventilation. Data are limited on the use and benefit of tracheostomies for intu-
bated, critically ill coronavirus disease 2019 (COVID-19) patients. During the surge in COVID
19 infections in metropolitan New York/New Jersey, our hospital cared for many COVID-19
patients who required prolonged intubation. This study describes the outcomes in COVID-19
patients who underwent tracheostomy:.

Methods: We present a case series of patients with COVID-19 who underwent tracheostomy
at a single institution. Tracheostomies were performed on patients with prolonged mechan-
ical ventilation beyond 3 wk. Patient demographics, medical comorbidities, and ventilator
settings prior to tracheostomy were reviewed. Primary outcome was in-hospital mortality.
Secondary outcomes included time on mechanical ventilation, length of ICU and hospital
stay, and discharge disposition.

Results: Fifteen COVID-19 patients underwent tracheostomy at an average of 31 d post in-
tubation. Two patients (13%) died. Half of our cohort was liberated from the ventilator (8
patients, 53%), with an average time to liberation of 14 + 6 d after tracheostomy. Among
patients off mechanical ventilation, 5 (63%) had their tracheostomies removed prior to dis-
charge. The average intensive care length of stay was 47 + 13 d (range 29-74 d) and the
average hospital stay was 59 + 16 d (range 34-103 d).

Conclusions: This study reports promising outcomes in COVID-19 patients with acute respi-
ratory failure and need for prolonged ventilation who undergo tracheostomy during their
hospitalization. Further research is warranted to establish appropriate indications for tra-
cheostomy in COVID-19 and confirm outcomes.

© 2021 Elsevier Inc. All rights reserved.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by a novel coro-
navirus, can result in severe acute respiratory failure ne-
cessitating prolonged intubation and ventilation. Although
reported rates vary, one study found that 20% of COVID-19
patients presenting to the hospital required mechanical ven-
tilation, and the mortality for these patients was 88%.! A
Cochrane systematic review by Andriolo et al. suggested that
early tracheostomies, defined as less than 10 d after intuba-
tion, reduces mortality in other critically ill patients.” Benefits
of tracheostomy include decreased respiratory secretions and
pneumonia, greater patient comfort, and faster weaning from
the ventilator.?

In the COVID-19 era, the decision to perform tracheostomy
mustinvolve a careful risk benefit analysis, taking into consid-
eration the risks of transmission to the healthcare team and a
paucity of data supporting its benefit. However, patients who
survive beyond the initial intubation period may benefit from
tracheostomy, similar to other critically ill patients with respi-
ratory failure. Because of viral load and risk to the healthcare
team, it has been suggested that tracheostomies for COVID-
19 patients be performed later in their hospital course, specif-
ically after at least 21 d of ventilation.> To our knowledge,
there are no previous studies that have evaluated outcomes
of COVID-19 patients who received tracheostomies after 21 d
of intubation. Prior studies have focused on tracheostomies
performed an average of 10-20 d post intubation and demon-
strated variable mortality rates 7%-24%.5° Our study seeks to
examine the in-hospital mortality rate and outcomes of pa-
tients with COVID-19 undergoing tracheostomy.

Methods
Study design

This is a single center, prospective observational study at Uni-
versity Hospital, an urban safety net hospital. We analyzed
all COVID-19 patients with respiratory failure undergoing a
tracheostomy from April 26, 2020 until June 26, 2020. We ex-
cluded patients under 18 y of age. Tracheostomies were only
performed if patients were intubated for at least 21 d and oth-
erwise deemed stable to undergo the procedure. This decision
and scheduling of the procedure was left to the physician per-
forming the tracheostomy. Tracheostomies were performed
with full personal protective equipment. The Institutional Re-
view Board approved this study with a waiver of consent due
to its retrospective nature.

Data collection

Electronic medical records of patients were reviewed and data
entered into REDCap (Research Electronic Data Capture), a
secure web-based software platform.'%'! Data collected in-
cluded patient demographic information, comorbidities, days
of mechanical ventilation, ventilator settings prior to tra-
cheostomy, operating room reports, and outcome variables.

Table 1 - Demographics.

Characteristic Value
Age, median [IQR], y 59 [54, 63]
Sex, No. (%)
Male 9 (60%)
Race/Ethnicity, No. (%)
White 0
Black/African American 8 (53%)
Hispanic 6 (40%)
Native Hawaiian, Pacific Islander 1(7%)

Other 0

BMI, median [IQR] 32 [25, 35]

Comorbidities, No. (%)
Diabetes 9 (60%)
Hypertension 9 (60%)
Coronary artery disease 0 (0%)
Asthma/Chronic obstructive pulmonary disease 3 (20%)
Congestive heart failure 2 (13%)
No underlying comorbidities 4 (27%)

Outcomes

Patients were evaluated from time of admission until dis-
charge from the hospital. Our primary outcome was mortal-
ity. Secondary outcomes included time to liberation from me-
chanical ventilation, length of stay in the ICU, length of stay
in the hospital, decannulation, and discharge disposition.

Statistical analysis

For this analysis of a small cohort of COVID-19 patients and
tracheostomy, descriptive statistics are used. Continuous vari-
ables are expressed as means and standard deviation (SD) for
normally distributed data and median and interquartile range
(IQR) for non-normally distributed. Categorical variables are
reported as numbers with percentages.

Results

We performed tracheostomies in fifteen COVID-19 patients
who met criteria with full COVID precautions. The majority of
the patients were male (9 patients, 60%) and either Black (53%)
or Hispanic (40%) (Table 1). This correlates with the demo-
graphics of our hospital’s COVID-19 patient population. 73%
of our cohort had at least one underlying comorbidity, most
commonly diabetes and/or hypertension.

The mean number of days prior to tracheostomy in our pa-
tients was 31 + 9 d with a range of 21-48 d. Mean positive end-
expiratory pressure (PEEP) prior to tracheostomy was 6, frac-
tion of inspired oxygen (FiO2) was 49%, and P:F ratio was 231
(Table 2).

The indication for all tracheostomies was respiratory fail-
ure with need for continued mechanical ventilation. We per-
formed tracheostomies an average of 9 d after initial con-
sultation for tracheostomy. We delayed the procedure in 10
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Table 2 - Respiratory status prior to tracheostomy.

Respiratory variables Value
Time intubated prior to tracheostomy, 31 + 9 (21-48)
mean + SD (range) d
COVID-19 positive prior to tracheostomy, 8 (53%)
No. (%)
PEEP prior to tracheostomy, mean + SD 6+2
5, No. (%) 9 (60%)
8, No. (%) 4(27%)
10, No. (%) 2 (13%)
FiO2 prior to tracheostomy, mean + SD, % 49+ 8
40, No. (%) 6 (40%)
50, No. (%) 5 (33%)
60, No. (%) 4 (27%)
P:F ratio prior to tracheostomy, mean =+ SD 231 + 86 (93-395)
(range)

(67%) patients. Reasons for delays were goals of care discus-
sions with families, increasing ventilatory requirements, ac-
tive infections, coagulopathy, and delays in appropriate oper-
ating room availability. Tracheostomies proceeded when goals
of care aligned with placement, the surgeon felt the ventila-
tor requirements stable, cultures were negative or patient had
received an appropriate course of antimicrobial therapy, and
coagulopathy was improved.

Tracheostomies were performed by eight different expe-
rienced attending surgeons. The attending surgeon was as-
sisted by another attending, a fellow, or senior resident. All
but one tracheostomy was performed via an open technique.
One tracheostomy was placed on the second attempt, four d
after an initial attempt was aborted due to acute hypoxia in
the operating room. There were no identified intraoperative
complications. To reduce aerosolization, we used filters, mini-
mized circuit connections, and ceased ventilation prior to cir-
cuit interruptions. We also minimized the number of person-
nel in the operating room during the procedure, specifically
the junior residents. To our knowledge, there were no COVID-
19 transmissions to the healthcare team.

Half of our cohort was weaned from the ventilator (8 pa-
tients, 53%), with an average time to ventilator liberation after
tracheostomy of 14 + 6 d (range 4-24 d). Of the patients who
were liberated, 5 (63%) were decannulated prior to discharge.
The average intensive care length of stay was 47 + 13 d (range
29-74 d) and the average overall hospital length of stay was 59
+ 16 d (range 34-103 d). The patients who were liberated from
mechanical ventilation were discharged an average of 31 d af-
ter their tracheostomy and 17 d after liberation. The patients
who remained on mechanical ventilation were discharge an
average of 18 d after tracheostomy placement. Of note, social
issues and lack of insurance delayed placement for some pa-
tients, extending their hospital stays.

Of the 15 patients who underwent a tracheostomy, two pa-
tients (13%) died, ages 60 and 62. They were both black males
and had underlying medical comorbidities including hyper-
tension and diabetes. Their ventilator settings prior to tra-
cheostomy were slightly higher than the rest of our popula-
tion. One patient was on a ventilator with a PEEP of 8 and FiO2

Table 3 - Outcomes of COVID-19 patients after tra-
cheostomy.

Outcome Value
Mortality, No. (%) 2 (13%)
Disposition of patient, No. (%)

Discharged 13 (87%)
Home 1(7%)
Skilled nursing facility 4 (27%)
Acute rehabilitation facility 5 (33%)
Long-term acute care facility 3 (20%)

Died 2 (13%)

Liberated from the ventilator, No. (%) 8 (53%)

Decannulated prior to discharge, No. (%) 5 (33%)

Time to liberation, mean + SD (range), d 14 + 6 (4-24)
ICU length of stay, mean + SD, d 47 +£13
Hospital length of stay, mean + SD, d 59 + 16

of 50%, and the other patient was on a PEEP of 10 and an FiO2
of 60%. For one patient, the decision was made to institute
comfort measures only and remove the ventilator. The other
patient developed septic shock from a soft tissue infection, re-
quired significant vasopressor support and subsequently went
into cardiac arrest and died. Neither of these deaths were di-
rectly related to the tracheostomy:.

The remaining 13 patients (87%) were discharged to home,
acute rehabilitation, skilled nursing facility or long-term care
facility (Table 3). All five patients decannulated in the hospi-
tal presented for follow up. One of them developed tracheal
stenosis and vocal cord paralysis subsequently requiring re-
peat tracheostomy. The other four have not required further
respiratory intervention. Two patients discharged with tra-
cheostomies presented for follow up and remained liberated
from ventilation with outpatient decannulation. The other six
patients discharged alive, one liberated from and five remain-
ing on mechanical ventilation, were lost to follow up.

Discussion

This is the first study to examine outcomes of COVID-19 pa-
tients who have a later tracheostomy performed at least 21
d after initial intubation and start of mechanical ventilation.
Patients with later tracheostomies are more likely to be in a
recovery phase, having survived the period of early mortality.
Our patients were intubated an average of 31 d prior to under-
going tracheostomy. Their overall mortality rate was 13%, in
sharp contrast to the reported 88% mortality for COVID-19 pa-
tients requiring mechanical ventilation, suggesting that once
patients survive that initial period, tracheostomy may be an
important step contributing to their survival. An appropriate
comparison group would be those who survived at least 21 d
and were extubated without tracheostomy. However, we had
very few of those COVID-19 patients. Generally, if COVID-19
patients remained intubated past 21 d, they had failed wean-
ing trials and were not suitable for extubation. Two patients
in our cohort died and both deaths were not directly related
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to the tracheostomy. Compared to patients who survived to
discharge, these patients were slightly older, had somewhat
higher ventilator settings at time of tracheostomy, and had
underlying comorbidities. Risk factors for later mortality in
this cohort of patients is an area for further study.

COVID-19 is a novel disease and reported outcomes and
recommendations are still emerging. To date, only a few
studies have examined COVID-19 patient outcomes after tra-
cheostomy. One early study performed tracheostomies after
14 d of intubation in COVID-19 patients and found a mortal-
ity rate of 25%, leading them to conclude that a tracheostomy
should not be performed until at least 21 d of mechanical ven-
tilation.!” Another study that waited longer, on average 20 d,
had a much lower mortality rate of 11%. They were similarly
able to liberate about half of their cohort.® Also, viral load ap-
pears to become undetectable around 2 wk after symptom
onset,'® reducing risk of healthcare worker exposure during
the procedure. These results led to the recommendation by
some to wait until 21 d to perform tracheostomy.>> The largest
study to date was performed by Martin-Villares et al. in Spain.
This study included 1,890 patients with a median time to tra-
cheostomy of 12 d. These patients were followed for 1 mo with
amortality of 24%.” Although they were similarly successful at
weaning about half their population from mechanical ventila-
tion, they report a fairly high mortality. These prior studies as
well as our own findings suggest that waiting longer (at least
21 d) before tracheostomy, when patients may be more stable
and starting to recover, does not change likelihood of libera-
tion from mechanical ventilation, may reduce risk of death,
and is warranted.

Of note, prior studies had a significant portion of their
study group still in the hospital at the time of study com-
pletion. We followed all patients until they were discharged
from the hospital, allowing us to accurately assess the in-
hospital mortality rate. Given that some of our patients were
discharged while still requiring mechanical ventilation, per-
formance of a tracheostomy may facilitate discharge to a less
acute care setting, freeing up ICU beds for acutely ill COVID
19 patients—especially important during a surge in patients
during this pandemic.

Our study had several limitations. One limitation is the
small sample size, due in part to a limited number of me-
chanically ventilated COVID-19 patients surviving to 21 d and
being able to undergo tracheostomy. While we did not have
a strict protocol for timing or method for tracheostomy, we
had a standard approach and consistently took all the pre-
cautions to minimize risks to clinicians. Our demographics
reflected that of our local patient population with no white
non-Hispanic patients, potentially limiting generalizability to
other populations. However, minority populations have been
shown to have worse outcomes than white COVID-19 pa-
tients.'* This may suggest our results are even more promis-
ing on a general scale since this population usually has poorer
outcomes than other populations. Lastly, our study has no
control group, so we are unable to definitively conclude that
a later tracheostomy is better than an earlier one or no tra-
cheostomy. Finally, it must be said that by waiting at least 3
wk to proceed with tracheostomy, we have selected for pa-
tients who may be more likely to survive. While this may be
true, the benefit of protecting the healthcare workforce during

earlier periods of patients’ hospitalization when they may be
more infectious, outweighs whatever potential risks this may
have on our outcomes.

Several topics should be investigated further to add to the
evidence base and to determine formal recommendations on
the timing of tracheostomy placement on COVID-19 patients.
A larger scale study with a more diverse patient population
is needed. In addition to demographic factors, it would be
valuable to assess whether ventilator settings prior to tra-
cheostomy are predictive of outcomes. Additionally, compar-
ing COVID-19 patients who undergo earlier tracheostomies to
those who wait 21 d would be beneficial in evaluating the di-
rect effect timing of tracheostomy:.

Overall, our results demonstrate that tracheostomy is safe
for COVID-19 patients who survive to 21 d, with lower mor-
tality than has been reported for patients who have tra-
cheostomy performed at earlier times. In summary, this study
of a small number of patients with COVID-19 and respiratory
failure suggests that waiting at least 21 d after initiation of
mechanical ventilation to perform tracheostomies is safe and
may improve outcomes.
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