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Percutaneous and Open Tracheostomy in Patients with COVID-19
Comparison and Outcomes of an Institutional Series in New York City
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Objective: The aim of this study was to report the safety, efficacy, and early
results of tracheostomy in patients with COVID-19 and determine whether
differences exist between percutaneous and open methods.

Summary Background Data: Prolonged respiratory failure is common in
symptomatic patients with COVID-19, the disease process caused by infec-
tion with the novel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). Tracheostomy, although posing potential risk to the operative team
and other healthcare workers, may be beneficial for safe weaning of sedation
and ventilator support. However, short- and long-term outcomes remain
largely unknown.

Methods: A prospectively collected database of patients with COVID-19
undergoing tracheostomy at a major medical center in New York City between
April 4 and April 30, 2020 was reviewed. The primary endpoint was need for
continued mechanical ventilation. Secondary outcomes included complica-
tion rates, sedation weaning, and need for intensive care unit (ICU) level of
care. Patient characteristics, perioperative conditions, and outcomes between
percutaneous and open groups were analyzed.

Results: During the study period, 67 consecutive patients underwent trache-
ostomy, including 48 males and 19 females with a median age of 66 years
[interquartile range (IQR) 52—72]. Two surgeons alternated techniques, with
35 tracheostomies performed percutaneously and 32 via an open approach.
The median time from intubation to tracheostomy was 23 days (IQR 20-26).
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At a median follow-up of 26 days, 52 patients (78%) no longer required
mechanical ventilation and 58 patients (87%) were off continuous sedation.
Five patients (7.5%) died of systemic causes. There were 11 total compli-
cations (16%) in 10 patients, most of which involved minor bleeding. There
were no significant differences in outcomes between percutaneous and open
methods.

Conclusions: Tracheostomy under apneic conditions by either percutaneous
or open technique can be safely performed in patients with respiratory failure
due to COVID-19. Tracheostomy facilitated weaning from continuous intra-
venous sedation and mechanical ventilation. Continued follow-up of these
patients to ascertain long-term outcome data is ongoing.

Keywords: COVID-19, open tracheostomy, percutaneous tracheostomy,
tracheostomy, tracheostomy outcomes
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As of May 24, 2020, there have been >4.7 million cases and
>315,000 deaths worldwide from COVID-19 caused by the
2019 novel coronavirus (SARS-CoV-2). The United States has seen
>1.6 million cases and >95,000 deaths thus far.! New York was an
early epicenter of the pandemic; to date, it has accounted for
approximately 23% of cases and 30% of deaths domestically.?
Symptomatic patients with COVID-19 can rapidly develop acute
respiratory distress syndrome (ARDS) and superimposed pneumonia
requiring invasive mechanical ventilation. Intensive care unit (ICU)
admissions have ranged from 12% to 26%°>~° and rates of intubation
can be as high as 20% to 33% for severe cases.”® As a result,
mounting numbers of patients in need of prolonged mechanical
ventilation are now commonplace, and securing an adequate supply
of ventilators to serve this population has been one of the many
challenges faced by healthcare institutions across the world.’

In nonpandemic times, tracheostomy is generally recom-
mended for stable patients who have had prolonged intubation with
an endotracheal tube (ETT). Prolonged intubation can be associated
with laryngotracheal stenosis, ventilator-associated pneumonia, and
longer length of stay.!°~!? A tracheostomy typically allows the
patient to require less sedation, which may subsequently hasten
ventilator weaning.'3~!5 Despite these potential benefits, there is
no consensus from the critical care literature that tracheostomy
confers a significant survival advantage,'*!6-17

Tracheostomy can be performed by either an open or percuta-
neous method. Randomized trials have shown only minor differences
between techniques, but some early guidelines favored one approach
over another for patients with COVID-19.!1:18-20 Jrrespective of the
method chosen, in the current pandemic there is significant uncertainty
regarding patient selection and timing of tracheostomy,!0:18:1921
Similarly, during the 2003 outbreak of severe acute respiratory syn-
drome (SARS), the high prevalence of mechanically ventilated
patients prompted a discussion on the safety and utility of tracheos-
tomy.>? Still, only 23 cases of tracheostomy among 5 institutions were
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reported in the setting of that epidemic.?>>* We now find ourselves in a
pandemic during which data are urgently needed, particularly given the
long duration of sedation and mechanical ventilation required for large
numbers of patients with respiratory failure, as well as the potential
shortage of ICU beds and ventilators.'!3

Tracheostomy has the potential to facilitate ventilator weaning
and free up resources?®?”; however, the outcomes of tracheostomy in
patients with COVID-19 have not been extensively reported. The
objective of this study is thus to report our institution’s experience
with tracheostomy in patients with COVID-19, with a focus on
percutaneous versus open methods. We hypothesized that there
would be no significant differences between the 2 methods in this
patient population.

METHODS

An institutional protocol for tracheostomy was established.
Patients with respiratory failure from COVID-19 were considered for
tracheostomy after two to three weeks of intubation. Patients had to
tolerate a period of apnea following pre-oxygenation for approxi-
mately 90 seconds without desaturations below 90% SpO, or hemo-
dynamic change. Given the apneic tolerance required, the protocol
initially recommended that the fraction of inspired oxygen (FiO,) be
no greater than 50% and positive end-expiratory pressure no greater
than 10.

All consecutive adult patients with COVID-19 who underwent
tracheostomy by 2 attending surgeons at our institution during April
2020 were included. Patients had at least 2 weeks of postoperative time
available for analysis. Percutaneous and open tracheostomies were
performed in a sequential, alternating pattern by a thoracic surgeon and
an otolaryngologist, respectively. The 2 surgeons alternated patients
and assisted each other on the majority of cases. Personal protective
equipment (PPE) was worn by all providers according to hospital
policy for aerosol-generating procedures (AGPs). The minimum num-
ber of required personnel were present. The anesthesia team ensured
complete paralysis and adequate sedation for the entirety of the
procedure. The tracheotomy was performed under apneic conditions
to minimize viral aerosolization as described in other published
protocols.?!?® Only nonfenestrated, cuffed tracheostomy tubes were
used (#6 or #8 Shiley™ DCT). Procedures were performed in tradi-
tional and nontraditional ICUs as well as former operating rooms
converted to ICUs.

All patients had a documented diagnosis of COVID-19 con-
firmed by reverse transcription polymerase chain reaction (RT-PCR).
A prospective database included demographics, medical comorbid-
ities, COVID-19 laboratory results, intubation history, ventilator
requirements, perioperative medications, and postoperative outcomes.
Anticoagulation regimens were grouped into prophylactic and thera-
peutic based on institutional protocol. Doses in between these 2 groups
were categorized as intermediate. It was our clinical practice to hold
the morning dose of anticoagulation. The electronic medical record
was queried for patients in the database (Eclipsys Allscripts Enterprise,
Allscripts Healthcare Solutions, Inc., Chicago, IL).

The primary outcome was defined a priori as need for
mechanical ventilation. Secondary outcomes included time to wean
off sedation, need for ICU level of care, and complication rates
between percutaneous and open tracheostomy. Tracheostomy collar
tolerance for >24 hours was used to determine the time to wean off
all ventilatory and positive pressure support. Sedation weaning was
defined as the time at which the patient no longer required any
intravenous sedating drip medications for >24hours. Oral and
intravenous medications not delivered by continuous drip were
not considered for this endpoint.

Complications were divided into major, intermediate, and
minor categories. Major was defined as any significant procedural
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problem occurring during the tracheostomy or any complication
requiring an unplanned return to the operating room. Intermediate
included any complication requiring a bronchoscopy or antibiotic
treatment. Minor was defined as requiring basic bedside intervention
(eg, local packing for bleeding).

Fisher exact, Xz’ and Wilcoxon rank sum tests were utilized
to compare the percutaneous and open tracheostomy groups on
demographic variables, clinical characteristics, and outcomes.
Time to outcome events was estimated using the Kaplan-Meier
method and medians were compared using the log-rank test.
Hypothesis tests were 2-sided and statistical significance was
evaluated at the 0.05 alpha level. Analyses were performed in R
Core Team (Survival and Tidyverse, version 3.5.3, 2019, Vienna,
Austria). This study was approved by the Weill Cornell Medicine
Institutional Review Board.

RESULTS

From April 4, 2020 to April 30, 2020 there were a total of 144
patients with COVID-19 who were intubated and dependent on
mechanical ventilation for >14 days at our institution. Tracheostomy
was performed in 67 (47%) of those patients during that time period,
including 35 percutaneous (52%) and 32 open (48%) tracheostomies.
There were 19 females (28%) and 48 males (72%). The median age
was 66 years (range 32—87, IQR 52-72).

Seventeen patients (25%) had at least 1 failed extubation
before tracheostomy. The median time from first intubation to
tracheostomy was 23 days (range 13-37, IQR 20-26) and the
median time from admission to tracheostomy was 24 days (range
14-42, IQR 21-28). Twenty patients (30%) were overweight and 29
patients (43%) were obese. Patient characteristics are shown in
Table S1 (Supplemental File, http://links.lww.com/SLA/C551). Of
patients undergoing percutaneous versus open tracheostomy, there
were no significant differences.

Perioperative conditions are shown in Table S2 (Supplemental
File, http://links.lww.com/SLA/C551). Thirty tracheostomies (45%)
were performed in converted operating room-to-ICU environments,
11 (16%) were performed in traditional ICUs, and 26 (39%) were
performed in other nontraditional ICUs. There were no significant
differences in the proportion of each procedure location between
those undergoing percutaneous and open tracheostomy (P = 0.7).
The median procedure time was 15.5 minutes (range 5—25, IQR 12—
20) for percutaneous tracheostomy and 16 minutes (range 5-41, IQR
13-20) for open tracheostomy. This difference was neither clinically
nor statistically significant (P = 0.6).

The majority of patients (63%) were on intermediate-dose or
therapeutic anticoagulation perioperatively. Patients undergoing per-
cutaneous tracheostomy had a higher frequency of FiO, <40% (P =
0.035). The remaining perioperative conditions did not differ
between those undergoing percutaneous and open tracheostomy.

Complication and mortality rates are shown in Table 1. There
were 11 total complications (16%) in 10 patients related to the
tracheostomy. Complication rates did not differ significantly
between the percutaneous and open tracheostomy groups. There
was 1 major procedure-related complication in a percutaneous
tracheostomy requiring conversion to an open procedure after loss
of the airway. There were 5 intermediate-level complications includ-
ing 1 patient with ETT dislodgement at the start of a percutaneous
tracheostomy who required reintubation before tracheostomy. There
were 5 (7.5%) minor bleeding complications, 2 of which were in
percutaneous tracheostomies and the remaining 3 in open tracheos-
tomies (P = 0.7). No patients required reoperation for bleeding
despite the high proportion on therapeutic anticoagulation. There
were 2 (3%) surgical site wounds requiring antibiotic treatment, both
of which occurred in open tracheostomies (P = 0.2).
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TABLE 1. Complications

Percutaneous Open

Complication, Intervention Category” (Minor/Intermediate/Major) Total, No. (%) No. (%) No. (%) P

Bleeding, minor 5(7.5) 2 (5.7) 309.4) 0.7
Surgical site wound or infection, intermediate 2(3) 0 (0) 2 (6.3) 0.2
Bronchoscopy for noninfectious airway concern or bleeding, intermediate 2 (3) 1(2.9) 1(3.1) >0.9
Procedure-related, intermediate 1(1.5) 1(2.9) 0 (0) >0.9
Procedure-related, majorI 1(1.5) 1(2.8) 0 (0) >0.9
Death within 30 days 5(7.5) 4 (11) 1(3.1) 0.4

“Statistics presented: number (%).
tStatistical tests performed: Fisher exact test.

iFor the procedure-related, major complication, the denominator was 36 for the percutaneous and 31 for the open group to account for the patient who ultimately had a percutaneous
tracheostomy converted to an open tracheostomy. For the remaining complications, this patient is considered with the open tracheostomy group.

The median follow-up was 26 days (IQR 19-30) and did not
differ between those undergoing percutaneous and open tracheos-
tomy (P = 0.6). At the time of review, 52 patients (78%) no longer
required mechanical ventilation [n = 28 (80%) for percutaneous and
n = 24 (75%) for open tracheostomy, P = 0.2]. Patients tolerating
tracheostomy collar at the time of review required a median of
13 days to reach this outcome (range 2-28). When censored for
patients who died or remained on mechanical ventilation at the time
of review, the median time was 15 days (95% CI 13—19) and did not
differ between those who underwent percutaneous and open trache-
ostomy [14 days (95% CI 12-20) vs 16 days (95% CI 11-21),
respectively, P = 0.9]. The proportions of patients tolerating trache-
ostomy collar alone by postoperative days 3, 7, and 14 are depicted in
Figure 1. At the time of review, 25 patients (37%) had been
decannulated at a median postoperative time of 25 days (range
17-36). Again, when censored for patients who did not reach this
outcome the median time to decannulation was 29 days and did not
differ between groups (P = 0.67).

At the time of review, 58 patients (87%) no longer required
continuous intravenous sedation. The median time from tracheos-
tomy to cessation of sedative drips for >24 hours was 5 days (range
1-24). When censored for patients who died or remained on sedation
at the time of review, the median time was 7 days (95% CI 5-10) and
did not differ between groups (P = 0.73).

At the time of review, 54 patients (81%) had been transferred
out of the ICU to floor or stepdown beds at a median postoperative
time of 10 days (range 2—29). When censored for patients unable to
reach this outcome, the median time was 12 days (95% CI 10-15)
and did not differ between groups (P = 0.35). Twenty-two patients
(33%) were discharged home or to a rehabilitation center at a median
of 22 days postoperatively (range 14-38). Time to outcomes by
patient is shown in Figure 2. Five patients (7.5%) died from
progressive multiorgan failure during the follow-up period. Of the
77 patients with COVID-19 during this time period who were
dependent upon mechanical ventilation for >14 days and who were
not determined to be acceptable for tracheostomy, the mortality rate
was 49% (n = 38).

DISCUSSION

Patient Characteristics and Outcomes

Most patients in our cohort were males in their sixth decade
with medical comorbidities, most commonly diabetes and hyperten-
sion. An overwhelming majority were classified as overweight or
obese, with less than one-third of patients in the normal-weight
category. These findings are consistent with other reports of comor-
bidities in patients with COVID-19.72930

Despite reports of high mortality rates in patients with
COVID-19 requiring mechanical ventilation, a large proportion of
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patients in our cohort were successfully weaned off continuous
sedation and ventilator support. Weaning from sedation and mechan-
ical ventilation enables patients to transfer out of ICUs, thereby
freeing hospital resources. In addition, 37% of our patients were
decannulated at a median of approximately 1 month postoperatively.
In a series of 32 patients with COVID-19 undergoing percutaneous
and open tracheostomy in Italy, only 1 patient was decannulated
during the study period.?® Another series of 98 patients with COVID-
19 undergoing percutaneous tracheostomy reported a decannulation
rate of 8%.'° Although these are notably less than our results, our
median time to decannulation was 4 to 14 days past the follow-up
periods of those studies. This likely accounts for these differences
and highlights the importance of tracking long-term outcomes for
these patients.

Approximately 81% of patients were transferred to stepdown
or floor beds where they were able to work with physical and
occupational therapists as well as speech and language pathologists
on voicing and swallowing. Our mortality rate was <8% and we had
no procedure-related mortalities. This is in contrast to some studies in
the nonpandemic literature reporting much higher mortality rates
from 22% to 25% at 1 month and 46% at 1 year following tracheos-
tomy.?!32 Although long-term outcomes of our study population are
still unknown, our results at this time point are promising.

Timing of Tracheostomy

In our cohort, the duration of intubation before tracheostomy
was approximately 3 weeks. In critical illness outside of a pandemic,
early tracheostomy before intubation day 10 may reduce the inci-
dence of some but not all of the risks associated with prolonged ETT
intubation.3=3¢ At the start of the outbreak, the mortality rate of
intubated patients with COVID-19 was estimated to be >50% by
some reports.®237 Other estimates place mortality in the range of
14% to 25%; however, many patients in these series remain intubated
and therefore the final percentages remain unknown.”%3% Given the
high mortality rate, lack of consistent benefit, and concern for viral
exposure in AGPs, current recommendations are to consider trache-
ostomy no sooner than 2 to 3 weeks following intubation, and
preferably once COVID-19 testing is negative.'®!® Our compara-
tively low mortality rate may be partially attributed to selection bias,
as many patients with a more guarded prognosis likely died before
reaching the consideration time for tracheostomy. It was our practice
to only perform tracheostomy on patients with a reasonable expec-
tation of recovery, which was determined though a multidisciplinary
effort with input from pulmonary critical care medicine, anesthesia,
and surgery teams. All patients were on minimal ventilator settings
and were able to tolerate apneic conditions during airway entry.
However, in carefully selected patients with prolonged intubation,
the mortality rate following tracheostomy appears to be low, at least
at this time point of analysis. The relatively prolonged time to
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FIGURE 1. Rate of tracheostomy collar tolerance for >24 hours on POD3, POD7, and POD14 for total, percutaneous, and open

tracheostomy.

weaning from mechanical ventilation, at approximately 2 weeks
postoperatively, speaks to the profound deconditioning and
depressed mental status of patients after several weeks of sedation,
intermittent paralysis, and ventilator support. This may also reflect
sequela not yet appreciated of prolonged COVID-19 infection.
Arguably, early tracheostomy may have facilitated more rapid
weaning'>3, although the potential for this must be weighed against
the infectious risk to the healthcare teams**~*! and the potentially
higher rate of secondary complications or progression of disease in
patients who undergo tracheostomy earlier in their course.!®

Percutaneous Versus Open Technique

The discussion of percutaneous versus open tracheostomy in
mechanically ventilated patients is one that is well-documented in
the critical care literature.*>*> The rate of postoperative bleeding has
been shown in some studies to be higher with open tracheostomy
compared to percutaneous tracheostomy. %% In a randomized trial of
1309 critically ill patients, Antonelli et al found a significantly higher
rate of major postoperative bleeding in the open tracheostomy group
compared with the percutaneous tracheostomy group. The difference
in minor bleeding was not significant, however, which is similar to
our findings.'® Large meta-analyses have also reported higher rates
of bleeding and stomal infections from open tracheostomy compared

406 | www.annalsofsurgery.com

to percutaneous.*>** This is in contrast to our study in which there
were no significant differences in complication rates between the 2
methods, and no patient required more than bedside interventions to
control bleeding despite having a large proportion of patients on
high-dose anticoagulation.

Other studies have shown quicker operative times with a
percutaneous technique compared to an open technique.'®4*%> There
was no difference between the 2 methods at our institution, which
may have been driven in part by the use of a dedicated surgical team
to perform all of the tracheostomies in this study. Furthermore, only 2
attending surgeons were involved, each serving as the primary
surgeon for a particular technique. This likely improved the effi-
ciency for both methods, as everyone was well-familiarized with the
set-up, donning and doffing of PPE, and procedural steps required.

Safety of Tracheostomy

Adhering to our institutional protocols for AGPs, we have
been able to perform both open and percutaneous tracheostomies
safely thus far in our cohort of patients. Other authors have suggested
the use of plastic drapes and other barriers between the surgical site
and surgeon.*®~*° Modifications such as these were not used in our
study. PPE included use of a head covering, face shield, N95
respirator mask, impermeable surgical gown, neck covering, and
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double gloves. Importantly, all patients were given sedating and
paralytic agents to prevent movement and further aerosolization of
viral particles and only providers essential to the procedure were
inside the room. Many but not all rooms were negative-pressure.
Although outside the scope of this article, to date neither of the 2
surgeons performing these procedures have become symptomatic
and both have had negative RT-PCR and antibody tests for COVID-
19 following the study period.

The influx of patients in New York City during this study’s
time period created a substantial need for new and increased ICU
capacity. The majority of our hospital system during this time was
repurposed into functioning ICU spaces to care for overwhelming
numbers of patients with COVID-19.>° Many patients were trans-
ferred to converted ICUs within former operating room spaces to
perform their tracheostomies, but a significant proportion were
performed in areas previously considered to be recovery room, floor,
or stepdown units. Despite this challenge, with a dedicated team of
surgeons, anesthesiologists, respiratory therapists, and nurses, we
were able to safely and efficiently conduct this procedure in multiple
units throughout the hospital.

Limitations

There are several limitations to discuss. Patient selection for
tracheostomy necessitated inherent selection bias. Our low mortality
rate may be attributed to the choice to perform tracheostomy on

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

nt.

patients who had reasonable expectation of recovery at the time when
tracheostomy was considered. In this prospective study, there was
also no formal randomization to the percutaneous and open trache-
ostomy groups. However, the 2 lead surgeons performed the vast
majority of these procedures together and alternated between open
and percutaneous techniques in essentially a randomized fashion.
Data on surgical times and intraoperative details were limited and
hand-charted by different members of the anesthesia team, all from
outside of the patient’s room. In addition, particularly in the early
stages of this pandemic, recommendations for anticoagulation were
constantly in flux. Prophylactic and therapeutic categories were
made based on our institution’s current anticoagulation protocol,
which may differ from that of other institutions. Lastly, this is an
ongoing study of outcomes and the senior authors are still performing
tracheostomies in this patient population. In this analysis, only
patients who underwent tracheostomy in April were included to
allow sufficient postoperative time for reporting of outcomes. Nev-
ertheless, many patients in our series remain hospitalized and their
outcomes are subject to change. Furthermore, it is possible that our
small sample size failed to identify differences between open and
percutaneous tracheostomy that may be illuminated with a larger
cohort. Future study on the sequelae of prolonged ventilator depen-
dence, particularly tracheal or glottic stenosis, is also planned. It
remains critical to report long-term data as we accrue more experi-
ence caring for patients with COVID-19.
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CONCLUSIONS

This represents one of the largest series of tracheostomy in

patients with COVID-19 and the first to compare open versus
percutaneous techniques. Our outcomes to date are encouraging,
and a high proportion of our patients were able to be weaned
from continuous sedation and mechanical ventilation. Percutane-

ous

and open tracheostomy were both safely performed

under apneic technique with equivalent outcomes. Continued
follow-up of these patients is critical to ascertain long-term
outcome data.

REFERENCES

. COVID-19 Dashboard by the Center for Systems Science and Engineering

(CSSE) at Johns Hopkins University. Johns Hopkins Coronavirus Resource
Center. Available at: https://coronavirus.jhu.edu/map.html. Published 2020.
Accessed May 24, 2020.

. Coronavirus disease (COVID-19): cases in US. Centers for Disease Control

and Prevention. Available at: https://www.cdc.gov/coronavirus/2019-ncov/
cases-updates/cases-in-us.html. Published 2020. Accessed May 24, 2020.

. Grasselli G, Pesenti A, Cecconi M. Critical care utilization for the COVID-19

outbreak in Lombardy, Italy: early experience and forecast during an emer-
gency response. JAMA. 2020;323:1545-1546.

. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients

with 2019 novel Coronavirus-infected pneumonia in Wuhan, China. JAMA.
2020;323:1061-1069.

. Remuzzi A, Remuzzi G. COVID-19 and Italy: what next? Lancet. 2020;395:

1225-1228.

. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute respiratory

distress syndrome and death in patients with Coronavirus Disease 2019
pneumonia in Wuhan, China [Epub ahead of print]. JAMA Intern Med.
2020;180:1-11.

. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics,

comorbidities, and outcomes among 5700 patients hospitalized with COVID-
19 in the New York City Area. JAMA. 2020;10022:1-8.

. Goyal P, Choi J, Pinheiro L, et al. Clinical characteristics of Covid-19 in New

York City. N Engl J Med. 2020;382:2372-2374.

. KIliff S, Satariano A, Silver-Greenberg J, Kulish N. There aren’t enough

ventilators to cope with the Coronavirus. The New York Times. Available at:
https://www.nytimes.com/2020/03/18/business/coronavirus-ventilator-shorta-
ge.html. Published March 18, 2020.

. Parker N, Schiff B, Fritz M, et al. Tracheotomy recommendations during the

COVID-19 pandemic. Available at: https://www.entnet.org/content/tracheot-
omy-recommendations-during-covid-19-pandemic. Published 2020. Accessed
May 20, 2020.

. Chao TN, Braslow BM, Martin ND, et al. Tracheotomy in ventilated patients

with COVID-19. Ann Surg. 2020;272:e30—e32.

. Altman KW, Ha TAN, Dorai VK, et al. Tracheotomy timing and outcomes in

the critically ill: complexity and opportunities for progress. Laryngoscope.
2020;1-6. doi:10.1002/lary.28657.

. Nieszkowska A, Combes A, Luyt CE, et al. Impact of tracheotomy on sedative

administration, sedation level, and comfort of mechanically ventilated inten-
sive care unit patients. Crit Care Med. 2005;33:2527-2533.

. Clec’h C, Alberti C, Vincent F, et al. Tracheostomy does not improve the

outcome of patients requiring prolonged mechanical ventilation: a propensity
analysis. Crit Care Med. 2007;35:132—138.

. Young D, Harrison Da, Cuthbertson BH, et al. Effect of early vs late

tracheostomy placement on survival in patients receiving mechanical ventila-
tion: the tracman randomized trial. JAMA. 2013;309:2121-2129.

. Antonelli M, Michetti V, Di Palma A, et al. Percutaneous translaryngeal versus

surgical tracheostomy: a randomized trial with 1-yr double-blind follow-up.
Crit Care Med. 2005;33:1015-1020.

. Abe T, Madotto F, Pham T, et al. Epidemiology and patterns of tracheostomy

practice in patients with acute respiratory distress syndrome in ICUs across 50
countries. Crit Care. 2018;22:1-16.

. Sommer DD, Engels PT, Usaf C, et al. Recommendations from the CSO-HNS

taskforce on performance of tracheotomy during the COVID-19 pandemic. J
Otolaryngol Head Neck Surg. 2020;49:23.

. Angel L, Kon Z, Chang S, et al. Novel percutaneous tracheostomy for

critically ill patients with COVID-19. Ann Thorac Surg. 2020;S0003-
4975:30603-30612.

408 | www.annalsofsurgery.com

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

31.

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Miles BA, Schiff B, Ganly I, et al. Tracheostomy during COV-SARS-CoV-2
pandemic: recommendations from the New York Head and Neck Society.
Head Neck. 2020;42:1282-1290.

McGrath BA, Brenner MJ, Warrillow SJ, et al. Health-care development
tracheostomy in the COVID-19 era: global and multidisciplinary guidance.
Lancet Respir Med. 2020;8:717-725.

Wei WI, Tuen HH, Ng RWM, et al. Safe tracheostomy for patients with severe
acute respiratory syndrome. Laryngoscope. 2003;113:1777-1779.

Tay J, Khoo M, Loh W. Surgical considerations for tracheostomy during the
COVID-19 pandemic: lessons learned from the severe acute respiratory
syndrome outbreak. JAMA Otolaryngol Head Neck Surg. 2020. doi:10.1001/
jamaoto.2020.0764.

Kwan A, Fok WG, Law KI, et al. Tracheostomy in a patient with severe acute
respiratory syndrome. Br J Anaesth. 2004;92:280-282.

Murthy S, Gomersall CD, Fowler RA. Care for critically ill patients with
COVID-19. JAMA. 2020;323:1499-1500.

Rumbak MJ, Newton M, Truncale T, et al. A prospective, randomized, study
comparing early percutaneous dilational tracheotomy to prolonged translar-
yngeal intubation (delayed tracheotomy) in critically ill medical patients. Crit
Care Med. 2004;32:1689—-1694.

Arabi Y, Haddad S, Shirawi N, et al. Early tracheostomy in intensive care
trauma patients improves resource utilization: a cohort study and literature
review. Crit care. 2004;8:347-352.

Turri-Zanoni M, Battaglia P, Czaczkes C, et al. Elective tracheostomy during
mechanical ventilation in patients affected by COVID-19: preliminary case
series from Lombardy, Italy. Otolaryngol Neck Surg. 2020;163:135-137.
Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult

inpatients with COVID-19 in Wuhan, China: a retrospective cohort study.
Lancet. 2020;395:1054—-1062.

. CDC COVID-19 Response Team. Preliminary estimates of the prevalence of

selected underlying health conditions among patients with coronavirus disease
2019—~United States, February 12—March 28, 2020. MMWR Morb Mortal
Wkly Rep. 2020;69:382-386.

Mehta AB, Walkey AJ, Curran-Everett D, et al. One-year outcomes following
tracheostomy for acute respiratory failure. Crit Care Med. 2019;47:1572—
1581.

Kejner AE, Castellanos PF, Rosenthal EL, et al. All-cause mortality after

tracheostomy at a tertiary care hospital over a 10-month period. Otolaryngol
Head Neck Surg. 2012;146:918-922.

. Andriolo B, Andriolo R, Saconato H, et al. Early versus late tracheostomy for

critically ill patients (Review). Cochrane Database Syst Rev. 2015;1:
CD007271. doi:10.1002/14651858.CD007271.pub3.

Terragni P, Antonelli M, Fumagalli R, et al. Early vs late tracheotomy for
prevention of pneumonia in mechanically ventilated adult ICU patients: a
randomized controlled trial. JAMA. 2010;303:1483—1489.

Wang R, Pan C, Wang X, et al. The impact of tracheotomy timing in critically ill
patients undergoing mechanical ventilation: a meta-analysis of randomized con-
trolled clinical trials with trial sequential analysis. Heart Lung. 2019:48:46—54.
Panuganti BA, Weissbrod P, Damrose E. What is the optimal timing for
tracheostomy in intubated patients? Laryngoscope. 2020;130:1108-1109.
Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill patients
with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospec-
tive, observational study. Lancet Respir Med. 2020;8:475—-481.

Auld S, Caridi-Scheible M, Blum JM, et al. ICU and ventilator mortality
among critically ill adults with COVID-19. medRxiv. 2020 [pre-print] doi:
10.1101/2020.04.23.20076737.

Mick PT, Murphy R. Aerosol-generating otolaryngology procedures and the
need for enhanced PPE during the COVID-19 pandemic: a literature review. J
Otolaryngol Head Neck Surg. 2020;49:29.

Chen WQ, Ling WH, Lu CY, et al. Which preventive measures might protect
health care workers from SARS? BMC Public Health. 2009;9. doi: 10.1186/
1471-2458-9-81.

David AP, Russell MD, El-Sayed IH, et al. Tracheostomy guidelines devel-
oped at a large academic medical center during the COVID -19 pandemic.
Head Neck. 2020;1-6. doi:10.1002/hed.26191.

Delaney A, Bagshaw SM, Nalos M. Percutaneous dilatational tracheostomy
versus surgical tracheostomy in critically ill patients: a systematic review and
meta-analysis. Crit Care. 2006;10:1-13.

Yaghoobi S, Kayalha H, Ghafouri R, et al. Comparison of complications in
percutaneous dilatational tracheostomy versus surgical tracheostomy. Glob J
Health Sci. 2014,6:221-225.

Lin N, Buchman TG, Freeman BD, et al. A meta-analysis of prospective trials
comparing percutaneous and surgical tracheostomy in critically ill patients.
Chest. 2000;118:1412—1418.

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.


https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html
https://www.nytimes.com/2020/03/18/business/coronavirus-ventilator-shortage.html
https://www.nytimes.com/2020/03/18/business/coronavirus-ventilator-shortage.html
https://www.entnet.org/content/tracheotomy-recommendations-during-covid-19-pandemic
https://www.entnet.org/content/tracheotomy-recommendations-during-covid-19-pandemic
https://www.entnet.org/content/tracheotomy-recommendations-during-covid-19-pandemic

Annals of Surgery e Volume 273, Number 3, March 2021

Tracheostomy in Patients With COVID-19

45.

46.

47.

Iftikhar TH, Teng S, Schimmel M, et al. A network comparative meta-analysis
of percutaneous dilatational tracheostomies using anatomic landmarks, bron-
choscopic, and ultrasound guidance versus open surgical tracheostomy. Lung.
2019;197:267-275.

Cordier P, De La Villeon B, Martin E, et al. Health workers’ safety during
tracheostomy in COVID-19 patients: homemade protective screen. Head
Neck. 2020;42:1361-1362.

Yu J, Chan W, Chung G, et al. Tracheostomy during COVID-19 pandemic—a
novel approach. Head Neck. 2020. doi:10.1002/hed.26234.

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

48.

49.

50.

Prabhakaran K, Malcom R, Choi J, et al. Open tracheostomy for COVID-19
positive patients: a method to minimize aerosolization and reduce risk of
exposure [epub ahead of print]. J Trauma Acute Care Surg. 2020. doi:10.1097/
TA.0000000000002780.

Foster P, Cheung T, Craft P, et al. Novel approach to reduce transmission of
COVID-19 during tracheostomy. J Am Coll Surg. 2020;230:1102—-1104.
Griffin KM, Karas MG, Ivascu NS, et al. Hospital preparedness for COVID-
19: a practical guide from a critical care perspective. Am J Respir Crit Care
Med. 2020;201:1337-1344.

www.annalsofsurgery.com | 409

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



	Outline placeholder
	REFERENCES


