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Abstract: Background: Tracheostomy can be performed safely in patients with coronavirus disease
2019 (COVID-19). However, little is known about the optimal timing, effects on outcome, and
complications. Methods: A multicenter, retrospective, observational study. This study included
153 tracheostomized COVID-19 patients from 11 intensive care units (ICUs). The primary endpoint
was the median time to tracheostomy in critically ill COVID-19 patients. Secondary endpoints were
survival rate, length of ICU stay, and post-tracheostomy complications, stratified by tracheostomy
timing (early versus late) and technique (surgical versus percutaneous). Results: The median
time to tracheostomy was 15 (1–64) days. There was no significant difference in survival between
critically ill COVID-19 patients who received tracheostomy before versus after day 15, nor between
surgical and percutaneous techniques. ICU length of stay was shorter with early compared to
late tracheostomy (p < 0.001) and percutaneous compared to surgical tracheostomy (p = 0.050). The
rate of lower respiratory tract infections was higher with surgical versus percutaneous technique
(p = 0.007). Conclusions: Among critically ill patients with COVID-19, neither early nor percutaneous
tracheostomy improved outcomes, but did shorten ICU stay. Infectious complications were less
frequent with percutaneous than surgical tracheostomy.

Keywords: tracheostomy; COVID-19; SARS-CoV-2; intensive care; coronavirus; surgical tech-
nique; percutaneous

1. Introduction

The novel coronavirus disease 2019 (COVID-19) is caused by the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2). As a result of its highly infectious nature
and rapid spread, COVID-19 is ravaging health systems worldwide [1–3]. Although the
majority of individuals experience mild symptoms, the sheer volume of cases caused by the
COVID-19 pandemic has led to an incredibly high number of critically ill patients requiring
long-term intubation and invasive mechanical ventilation (MV), with prolonged intensive
care unit (ICU) stay and sedation requirements [4].

Before the onset of the COVID-19 pandemic, it was common practice in the ICU setting
to stratify time to tracheostomy based on distinct definitions of “early” and “late” [5–8].
Time to tracheostomy is influenced by several factors, including patient and family expec-
tations, predicted outcomes, and the likelihood of weaning from mechanical ventilation [9].
Early tracheostomy was considered helpful in shortening the duration of MV, with the ad-
vantage of increasing patient comfort while reducing sedation requirements [10]. However,
there is little evidence to support that early versus late tracheostomy improves survival,
shortens the duration of mechanical ventilation and ICU length of stay or reduces lower
respiratory tract infections [9–13] in general ICU patients.

Similar considerations can be made for surgical versus percutaneous tracheostomy
techniques. A randomized controlled trial in general ICU patients investigating differences
between the two and their effects on outcome and short-long term complications found a
higher rate of systemic infectious complications in the surgical group compared to the per-
cutaneous group, but the difference did not reach statistical significance [14]. Similar rates
of ventilator-associated pneumonia with surgical and percutaneous techniques have been
reported [11]. In short, to date, there is no evidence to support a definitive recommendation
of one technique over the other.

In COVID-19 cases, the possible complications derived from prolonged endotracheal
intubation should be weighed against the risk of viral exposure of hospital staff during
aerosol-generating procedures [15]. The high rate of failed weaning from the ventila-
tor and failed endotracheal extubation in COVID-19 suggests a potential need for early
tracheostomy [16], since it may help shorten the weaning phase and reduce the rate of
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associated complications [4,17]. Recent guidelines on the management of tracheostomy in
COVID-19 recommend using surgical instead of percutaneous techniques to limit aerosol
and droplet exposure, although limited data are available on the comparison of these
techniques in the COVID-19 population [18,19].

Based on the foregoing, the primary endpoint of this study was the median time to tra-
cheostomy in critically ill COVID-19 patients. Secondary endpoints were the comparative
impacts of early versus late tracheostomy and surgical versus percutaneous tracheostomy
on survival, length of ICU stay, and post-tracheostomy complications. Several patient char-
acteristics of interest were also assessed, including weaning attempts before tracheostomy
and ventilatory settings on days 1, 7, 15, and the day of tracheostomy.

2. Materials and Methods
2.1. Study Design

This was an observational, retrospective, multicenter study conducted in 11 Italian
ICUs (Supplementary Materials, SM) coordinated by the Department of Anesthesia and
Intensive Care, San Martino Policlinico Hospital, IRCCS for Oncology and Neuroscience,
Genoa, Italy.

This study was reviewed and approved by the relevant Institutional Review Board
(Comitato Etico Regione Liguria, Italy, N. 163/2020; San Martino Policlinico Hospital,
IRCCS for Oncology and Neuroscience, Genoa, Italy). Written informed consent was
waived due to the retrospective nature of the study. This report follows the STrengthening
the Reporting of OBservational studies in Epidemiology (STROBE) recommendations.

2.2. Patient Selection, Inclusion, and Exclusion Criteria

WeanTrach enrolled critically ill patients with a positive real-time polymerase chain reaction
(RT-PCR) nasopharyngeal swab for severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), admitted to the study ICUs, who underwent surgical or percutaneous tracheostomy.

We excluded patients who did not receive tracheostomy and those aged <18 years.
Patients were included between 20 April and 30 June 2020.

Percutaneous dilatational tracheostomies were primarily performed at the bedside
in the ICUs by intensivists, whereas the specialist head and neck surgeons performed
surgical tracheostomies in patients with difficult anatomy or other presumed obstacles to
percutaneous technique. Open tracheostomies were mostly performed in the operating
theater, and occasionally at the bedside in the ICU as necessary.

2.3. Data Collection

Data were collected from electronic medical records as part of routine ICU care. Access
to the data was managed by the coordinating center.

Data of interest included demographic and past medical history from the day of hospital
admission to the day of hospital discharge. The following demographic information was
collected: age in years, gender, body mass index (BMI), history of hypertension, diabetes
mellitus, chronic respiratory disease (defined as chronic obstructive pulmonary disease or
asthma), chronic renal disease (defined as estimated glomerular filtration rate <30 mL/min/1.73
m2), chronic liver disease (defined as acute or chronic compensated or decompensated liver
cirrhosis), chronic heart disease (defined as a history of current or previous cardiac dysfunction),
cancer or hematological malignancy, smoking (defined as a current or former smoker), and
chronic neurologic disease (any disease of the brain, spinal cord, peripheral neuropathy, cranial
nerve disorder, autonomic nervous system disorder, seizure disorder, movement disorder,
migraine, central neuropathy, neuropsychiatric illness).

Respiratory settings were collected for both invasively and non-invasively ventilated
patients. Parameters included type of ventilation [conventional oxygen therapy (COT), non-
invasive mechanical ventilation (NIMV), invasive mechanical ventilation (IMV)], type of IMV
(pressure-controlled ventilation, volume-controlled ventilation, assisted ventilation), ventilator
settings [tidal volume, respiratory rate, plateau pressure, minute ventilation, positive end-



J. Clin. Med. 2021, 10, 2651 4 of 14

expiratory pressure (PEEP), fraction of inspired oxygen (FiO2)], and blood gas parameters
[partial pressure of oxygen (PaO2), partial pressure of carbon dioxide (PaCO2), pHa, PaO2/FiO2
ratio, bicarbonates, lactates], recorded at days 1, 7, 15, and on the day of tracheostomy.

Time to tracheostomy, time to weaning, time to extubation, time to ICU admission,
time from symptom onset to hospital admission, time to endotracheal intubation, the
reason for tracheostomy, and date of ICU discharge were collected.

In-ICU events of interest included duration of mechanical ventilation, ICU length of
stay, post-tracheostomy ICU length of stay, complications derived from surgical or percu-
taneous tracheostomy techniques [including hemorrhage, tracheostomy stoma infection,
lower respiratory tract infection (defined as positive bronchoalveolar lavage fluid), stenosis,
thrombosis, death], the reason for death, and microorganisms found in bronchoalveolar
lavage fluid (BALF) before and after tracheostomy.

2.4. Definitions

# Early tracheostomy was defined as a tracheostomy performed within the first 15 days
after endotracheal intubation, while late tracheostomy was defined as a tracheostomy
performed ≥ 15 days after endotracheal intubation. The reason for selecting 15
days as the cut-off for early and late tracheostomy was based on the median time to
tracheostomy performance in our cohort.

# Time to tracheostomy was defined as the time elapsed from endotracheal intubation
to tracheostomy.

# Time to weaning was defined as the time from endotracheal intubation to the first
spontaneous breathing trial (SBT).

# SBT was defined as the first attempt to reduce respiratory support before extubation
(removal of endotracheal tube and respiratory support). The execution of a SBT did
not automatically lead to extubation.

# Time to extubation was defined as the time between the insertion and the removal of
an artificial airway such as an endotracheal tube or tracheostomy tube.

# Extubation was defined as the removal of an artificial airway. This term was used
either for the removal of an endotracheal tube or tracheostomy tube.

# Time to ICU admission was defined as the time from hospital admission to ICU ad-
mission.

# Time to endotracheal intubation in ICU was defined as the time from ICU admission
to endotracheal intubation.

# ICU discharge was defined as the last day of ICU stay, irrespective of death or
discharge to another non-ICU ward.

# Length of ICU stay was defined as the time between ICU admission and ICU discharge,
irrespective of death or discharge to another non-ICU ward.

# Post-tracheostomy ICU length of stay was considered as the time between tra-
cheostomy and ICU discharge.

# Reasons for tracheostomy were categorized as follows: prolonged weaning expected,
neurological impairment (inability to maintain patient airways because of neuro-
logical condition), extubation failure (failure of SBT and/or extubation needing re-
intubation), and airway failure (inability to maintain patient airways because of upper
airway causes).

2.5. Statistical Analysis

No sample size calculation was performed because of the exploratory, descriptive,
and retrospective nature of this study. For descriptive summary statistics, variables were
reported as mean (standard deviation), median (range), or absolute and relative frequencies,
as appropriate.

The Mann–Whitney U test was applied to evaluate differences in ICU length of stay
between groups (surgical versus percutaneous tracheostomy, late versus early timing). The
estimation of any association between complications of tracheostomy and type of interven-
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tion (surgical versus percutaneous) was assessed with a preliminary univariate analysis
(chi-square test with Yates correction or Fisher’s exact test), followed by a multivariate
logistic regression model adjusted for all the baseline variables. The same approach was
used with tracheostomy timing (early versus late) as a dependent variable. Time to survival
was analyzed with Kaplan–Meier estimates; the log-rank test was used for comparison
between groups.

Two-sided p-values ≤ 0.05 were considered statistically significant. All analyses were
performed using SPSS® version 25.0 (IBM Corp., Armonk, NY, USA).

3. Results

Overall characteristics at hospital and ICU admission of the 153 tracheostomized
COVID-19 patients who fulfilled the inclusion criteria are reported in Table 1. Other
characteristics of patients at hospital and ICU admission are reported in Table S1.

Table 1. Overall characteristics at hospital and ICU admission of 153 tracheostomized COVID-19 patients.

Baseline
Characteristics

Overall Time to Tracheostomy Type of Tracheostomy

n = 153 Early
n = 76

Late
n = 77 p-Value Percutaneous

n = 100
Surgical

n = 53 p-Value

Age, years 63.4 ± 9.34
64.0 (32.0–89.0)

63.8 ± 9.24
65.0 (34.0–89.0)

62.9 ± 9.48
63.0 (32.0–88.0) 0.36 63.9 ± 9.18

64.0 (34.0–88.0)
62.3 ± 9.64

62.0 (32.0–89.0) 0.29

Sex, males 118 (77.1) 60 (78.9) 58 (75.3) 0.59 81 (81.0) 37 (69.8) 0.12

BMI, kg/m2 28.8 ± 5.04
27.8 (16.5–50.8)

29.0 ± 5.19
27.8 16.5 50.8

28.6 ± 4.91
27.8 (19.5–46.4) 0.62 28.7 ± 4.51

27.8 (20.7–46.4)
29.0 ± 5.96

27.8 (16.5–50.8) 0.96

Comorbidities
Hypertension 82 (53.6) 42 (55.3) 40 (51.9) 0.68 57 (57.0) 25 (47.2) 0.25

Diabetes mellitus 34 (22.2) 20 (26.3)) 14 (18.2) 0.23 22 (22.0) 12 (22.6) 0.93
Chronic

respiratory
disease

16 (10.5) 11 (14.7) 5 (6.5) 0.10 13 (13.1) 3 (5.7) 0.15

Chronic cardiac
disease 23 (15.0) 12 (15.8) 11 (14.3) 0.80 13 (13.0) 10 (18.9) 0.33

Malignancy 12 (7.8) 5 (6.6) 7 (9.1) 0.56 6 (6.0) 6 (11.3) 0.24
Chronic liver

disease 6 (3.9) 3 (3.9) 3 (3.9) 0.99 6 (6.0) 0 (0.0) 0.07

Chronic
neurologic

disease
13 (8.5) 9 (11.8) 4 (5.2) 0.14 12 (12.0) 1 (1.9) 0.033

Chronic kidney
disease 9 (5.9) 5 (6.6) 4 (5.2) 0.72 6 (6.0) 3 (5.7) 0.93

Smoke 10 (7.8) 5 (8.5) 5 (7.1) 0.78 8 (8.3) 2 (6.1) 0.67
Symptoms’

onset to hospital
admission, days

6.3 ± 5.61
5.0 (0.0–36.0)

6.0 ± 4.85
5.0 (0.0–33.0)

6.6 ± 6.40
5.0 (0.0–36.0) 0.96 6.9 ± 6.26

6.0 (0.0–36.0)
5.2 ± 4.02

4.0 (0.0–19.0) 0.10

Hospital
admission to

COVID-19 swab,
days

1.5 ± 5.02
0.0 (0.0–31.0)

1.5 ± 5.74
0.0 (0.0–31.0)

1.5 ± 4.22
0.0 (0.0–31.0) 0.03 0.8 ± 3.04

0.0 (0.0–26.0)
3.0 ± 7.56

0.0 (0.0–31.0) 0.05

Hospital to ICU
admission, days

6.0 ± 9.12
3.0 (0.0–61.0)

5.8 ± 9.54
3.0 (0.0–61.0)

6.3 ± 8.75
4.0 (0.0–39.0) 0.43 5.4 ± 7.47

3.0 (0.0–39.0)
7.3 ± 11.60

3.0 (0.0–61.0) 0.47

Table legend: data expressed as mean ± standard deviation, median (min-max), or number (percentage) as appropriate. BMI, body
mass index; ICU, intensive care unit; COVID-19, coronavirus disease 2019; Early tracheostomy: performed within the first 15 days from
endotracheal intubation; Late tracheostomy: performed ≥ 15 days from endotracheal intubation.

Characteristics of medical treatments and ventilatory management on days 1, 7, and
15 after ICU admission and on the day of tracheostomy are reported in Table S2 and Table
S3, respectively.

The median time to tracheostomy was 15 (1–64) days. Seventy-six (49.67%) patients
underwent early tracheostomy, while 77 (50.33%) underwent late tracheostomy.

Percutaneous tracheostomy was more frequent than open (surgical) techniques (n = 100,
65.36% versus n = 53, 34.64%, respectively).

The reasons for tracheostomy included inability to be weaned from the ventilator
(n = 143, 93.5%), neurological impairment (n = 5, 3.3%), extubation failure (n = 2, 1.3%),
airway failure (n = 1, 0.7%), and were unspecified in 2 patients (1.3%). Thirty (19.6%)
patients ultimately underwent tracheostomy closure.
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Weaning from the ventilator was mainly performed by using the spontaneous breath-
ing trial (SBT) technique in pressure-support ventilation mode (N = 84, 54.9%).

The median time from endotracheal intubation to SBT was 12.0 (1.0–35.0) days. The
median time from endotracheal intubation to extubation from the endotracheal tube was
12.0 (1.0–28.0) days, whereas the median time from extubation from the endotracheal tube
to tracheostomy was 13.0 (1.0–52.0) days.

Nineteen patients were ultimately extubated from the endotracheal tube before tra-
cheostomy, while 133 were never extubated before tracheostomy (missing N = 1 patient).
Among those who were extubated, 4 (21.1%) underwent early tracheostomy, while 15 (78.9%)
underwent late tracheostomy. Among those never extubated from the endotracheal tube be-
fore tracheostomy, 71 (53.4%) underwent early tracheostomy, while 62 (46.6%) underwent late
tracheostomy (p = 0.008). Finally, all the included 153 patients underwent tracheostomy.

After tracheostomy, 85 (55.6%) patients gradually become free of an artificial airway
(10 of them died during ICU stay, 1 patient missing data); 49 (32.0%) patients were never
extubated from the tracheostomy tube and all of them died during ICU stay, while data of
19 (12.4%) patients were missing.

A higher rate of tracheostomy closure was found in patients who underwent a surgical
versus percutaneous tracheostomy (OR 4.23; 95% CI 1.00–17.86, p = 0.049).

3.1. Cumulative Probability of Survival

The cumulative probability of survival in the overall population is shown in Figure
S1. Timing and causes of death are reported in Table S4. The cumulative probability of
survival in critically ill COVID-19 patients did not differ between those who received an
early tracheostomy and those who were tracheostomized later (p = 0.84). Figure 1 shows
the cumulative probability of survival after early or late tracheostomy at follow-up (up to
60 days).

Figure 1. Overall survival of critically ill COVID-19 patients after receiving tracheostomy before or
after 15 days. Kaplan–Meier curve of cumulative probability of survival. Patients were grouped by
the timing of tracheostomy: early or late (cut-off, 15 days).

The probability of survival after tracheostomy did not differ significantly between
patients who received surgical versus percutaneous tracheostomy (p = 0.66), as shown in
Figure 2.
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Figure 2. Overall survival of critically ill COVID-19 patients after receiving percutaneous versus
surgical tracheostomy. Kaplan–Meier curve of cumulative probability of survival in percutaneous
versus surgical tracheostomy groups.

The probability of survival did not differ significantly between patients who received
early versus late surgical tracheostomy, and early versus late percutaneous tracheostomy
(Figures S2 and S3).

3.2. ICU Length of Stay

Early tracheostomy resulted in shorter overall ICU stay (time between ICU admission
and ICU discharge) when compared to late tracheostomy [median 24.0 (5.0–98.0) versus 46.0
(16.0–133.0) days, p < 0.001]. Similarly, percutaneous dilatational tracheostomy resulted in
shorter overall ICU stay when compared to surgical tracheostomy [median 30.0 (5.0–133.0)
versus 40.0 (20.0–103.0) days, p = 0.050].

When considering post-tracheostomy ICU length of stay (from the day of tracheostomy
to the day of ICU discharge), the median length of stay for those undergoing early and late
tracheostomy was 15.0 (1.0–82.0) days and 22.5 (1.0–86.0) days, respectively (p = 0.031).

Again, percutaneous compared to surgical tracheostomy resulted in shorter ICU
length of stay [median 16.0 (1.0–82.0) days and 24.0 (6.0–86.0) days, respectively], but not
significantly so (p = 0.070).

3.3. Post-Tracheostomy Complications

Complications after early and late tracheostomy, as well as in surgical and percu-
taneous tracheostomy groups, are reported in Table 2. The most common pathogens
identified in the bronchoalveolar lavage fluid before and after tracheostomy are reported
in Table S5.
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Table 2. Complications of tracheostomy.

Complications
of Tra-

cheostomy

Overall
Population

Time to Tracheostomy Type of Tracheostomy

Early Late

Univariate
Analysis
p-Value

OR (95% CI)

Multivariate
Analysis
p-Value

OR (95% CI)

Percutaneous Surgical

Univariate
Analysis
p-Value

OR (95% CI)

Multivariate
Analysis
p-Value

OR (95% CI)

Hemorrhage
No 128 (90.8) 68 (95.8) 60 (85.7) 0.05 0.09 83 (87.4) 45 (97.8) 0.06

Yes 13 (9.2) 3 (4.2) 10 (14.3) 3.78
(0.99–14.37)

7.98
(0.72–89.11) 12 (12.6) 1 (2.2) 0.15

(0.02–1.22)

Coagulation
No 138 (97.9) 69 (97.2) 69 (98.6)

0.99
92 (96.8) 46 (100.0)

0.55Yes 3 (2.1) 2 (2.8) 1 (1.4) 3 (3.2) 0 (0.0)

Tracheal
stenosis

No 139 (100.0) 71 (100.0) 68 (100.0)
/

93 (100.0) 46 (100.0)
/Yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Infection of
stoma

No 128 (90.8) 64 (90.1) 64 (91.4)
0.79

84 (87.5) 44 (97.8) 0.06

Yes 13 (9.2) 7 (9.9) 6 (8.6) 12 (12.5) 1 (2.2) 0.16
(0.02–1.26)

Pneumothorax
No 137 (100.0) 66 (95.7) 66 (94.3)

0.71
86 (92.5) 46 (100.0)

0.10Yes 7 (5.0) 3 (4.3) 4 (5.7) 7 (7.5) 0 (0.0)

LRTI *
Negative 30 (34.5) 7 (22.6) 23 (41.1) 0.09 0.07 24 (46.2) 6 (17.1) 0.06 0.007

Positive 57 (65.5) 24 (77.4) 33 (58.9) 0.42
(0.16–1.13)

0.27
(0.07–1.11) 28 (53.8) 29 (82.9) 4.14

(1.47–11.66)
10.06

(1.89–53.54)

Table Legend: data expressed as number (percentage). Multivariate analysis adjusted for age, sex, comorbidities, body mass index,
smoking, and type of tracheostomy. Abbreviations: LRTI, lower respiratory tract infection; OR odds ratio (late vs. early; and surgical vs.
percutaneous); CI, confidence interval. * LRTI diagnosed (with positive bronchoalveolar lavage fluid) only after tracheostomy, with no
evidence of infection before.

4. Discussion

Few studies comparing early and late and surgical and percutaneous tracheostomy
techniques in COVID-19 have been published to date.

In our cohort of tracheostomized critically ill patients with COVID-19 pneumonia,
we found that: (1) the median time to tracheostomy was 15 (1–64) days; (2) there was no
difference in survival in patients who received tracheostomy before or after 15 days, nor
between surgical and percutaneous techniques; (3) early and percutaneous tracheostomy
did not improve outcomes, but was associated with shorter ICU stay; (4) post-tracheostomy
infection of the lower respiratory tract were less frequent with percutaneous dilatational
tracheostomy than with surgical techniques.

4.1. Timing and Type of Tracheostomy

Our data on COVID-19 subjects revealed a median time to tracheostomy of 15 (1–64)
days. This was set as the cut-off for defining the early and late time of tracheostomy.
In fact, 76 (49.67%) patients underwent early tracheostomy, while 77 (50.33%) patients
underwent late tracheostomy. Additionally, in our cohort of critically ill COVID-19 patients,
percutaneous tracheostomy was performed in 100 patients, while surgical tracheostomy
was performed in 53 patients. Of importance, although considered as a secondary endpoint,
19 patients were extubated (all of them reintubated), while 133 were never extubated before
tracheostomy. Among those who were extubated, 21.1% underwent early tracheostomy,
while 78.9% underwent late tracheostomy (p = 0.008). This can be interpreted as the
extubation followed by re-intubation could have influenced the time of tracheostomy and
ICU length of stay.

Conventionally, tracheostomy is performed in general ICU patients with ongoing
mechanical ventilation up to 3 weeks after endotracheal intubation [9], with an increasing
tendency to reduce the time to tracheostomy. Studies and meta-analyses investigating
the effect of tracheostomy timing on clinical outcomes have reported variable results. In
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patients with acute respiratory distress syndrome (ARDS), the mean time to tracheostomy
is 14 days [20], while 10 days is considered as a conventional cut-off for early versus late
tracheostomy in general ICU patients [13].

Several national protocols and international guidelines have published guidance on
the management of tracheostomy in COVID-19, despite the scarcity of evidence in the
literature [16,21]. During the COVID-19 pandemic, the mean time to tracheostomy has
often been longer than usual. Kwak et al. [22] reported a mean time of 12.2 days, very close
to that reported in a prospective observational study of 100 tracheostomized COVID-19
patients in the United Kingdom (13.9 ± 4.5 days) [23]. In a cohort of 270 mechanically
ventilated patients, of whom 98 underwent percutaneous dilatational tracheostomy, the
mean time to tracheostomy was 10.6 ± 5 days [24], shorter than that reported by Tang
et al. [25] and Chao et al. [26].

As shown in the COVID-19 literature, the timing of tracheostomy must strike a balance
between possible risks to clinicians and optimal outcomes for patients [22,27]. Information
on the massive viral load and high infectivity of SARS-CoV-2 appears to have led to delays
or even avoidance of tracheostomy in this population. In the early stage of ICU admission
(within 7 days after endotracheal intubation), the literature on general non-COVID-19 patients
agrees concerning the possible deferment of more aggressive treatment approaches, thus
limiting the potential favorable effects of tracheostomy over the possible risk of periprocedural
complication [28]. This has been emphasized in COVID-19, since during the early phase
of the disease, patients can present with a higher viral load, increasing the risk of infection
of health care providers [28]. Several meta-analyses of studies conducted in non-COVID-19
patients have concluded that percutaneous techniques are performed more quickly than surgical
tracheostomy [29,30]. This is even more important in the COVID-19 setting, in which the time
of operator exposure to the virus takes on a pivotal role; open surgical techniques are presumed
to pose a greater risk to the operator, thus requiring more caution.

4.2. Cumulative Probability of Survival

In our study, we find no differences in survival in patients who received tracheostomy
before or after 15 days. Moreover, survival did not differ significantly between patients
who received early versus late surgical tracheostomy, and early versus late percutaneous
tracheostomy.

Rosano et al. [18] investigated if early percutaneous tracheostomy (cut-off 10 days)
was independently associated with increased hospital mortality. Tracheostomized patients
significantly died more than non-tracheostomized. However, this study did not investigate
survival between early and late tracheostomies, being of limited interest for our aims. In a
smaller report of 29 COVID-19 patients, early tracheostomy did not influence mortality [31].
As reported by Kwak et al. and Shultz et al. [22,32], late tracheostomy did not significantly
influence survival in studies that assessed this parameter, which is in line with our findings.
As for surgical and percutaneous tracheostomies and survival, no data are available in the
literature, making our study the first one assessing this endpoint. Nevertheless, we strongly
believe that length of stay is a more interesting outcome to assess in this patient population.

4.3. Length of ICU Stay

In our study, early tracheostomy was associated with a shorter overall ICU stay. This
should be highlighted since the ICU stay might be considered as a better outcome than
survival in COVID-19 patients. It also resulted as being of significance when considering
“tracheostomy-ICU stay”, suggesting that the time of tracheostomy might have influenced
ICU length of stay. Of interest also was that percutaneous tracheostomy shortened ICU
stay significantly as compared to surgical tracheostomy, but it was not confirmed when
“tracheostomy-ICU stay” was considered.

In studies including non-COVID-19 patients [6,33–35], early tracheostomy was associ-
ated with shorter overall ICU stay, shorter duration of sedation, and reduced long-term
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mortality when compared to late tracheostomy. However, despite its advantages, early
tracheostomy in general ICU patients is not clearly supported by the literature [9–13].

In the abovementioned report of 29 COVID-19 patients, early tracheostomy did not
influence ICU length of stay [31]. Conversely, the Queen Elizabeth Hospital Birmingham
COVID-19 airway team reported a shorter ICU length of stay for early compared to
late tracheostomy (cut-off at 14 days), with p < 0.0001 [23]. Differently from our study,
significance in ICU length of stay was not identified when considering “tracheostomy-ICU
stay”. Controversially, Kwak et al. calculated the overall-ICU length of stay (between
the day of ICU admission and the day of ICU discharge), missing results on the possible
intervention of tracheostomy to this endpoint.

4.4. Post-Tracheostomy Complications

In our study, the time to tracheostomy did not significantly influence the rate of com-
plications. Additionally, surgical tracheostomy was associated with significantly lower
respiratory tract infections than percutaneous tracheostomy. The pathogens most com-
monly identified before and after tracheostomy included Pseudomonas aeruginosa, Klebsiella
pneumoniae, Staphylococcus aureus, Candida albicans, and Acinetobacter baumannii.

Massick et al. [36] reported a higher incidence of complications with percutaneous
technique than open surgical tracheostomy. Similarly, Silvester et al. [14] reported a higher
incidence of bleeding requiring surgical intervention in the percutaneous group, while
infections were more frequent in the surgical group. Antonelli et al. [37], in a randomized
controlled trial, found higher rates of systemic infectious complications in the surgical
group than in the percutaneous groups (more positive pharyngeal swabs and tracheal aspi-
rates and blood cultures), but the difference was not significant. Terragni et al. [11] reported
similar rates of ventilator-associated pneumonia between surgically and percutaneously
tracheostomized patients. Likewise, Sole et al. [38] reported no significant differences in
lower respiratory tract infections before and after dilatational percutaneous tracheostomy
(52% pre and 48% post).

Few studies investigated the type and rate of complications in the non-COVID-19
population. The impact of the time of tracheostomy on complications might be considered
of great interest in COVID-19, as the time of disease represents a pivotal parameter to
understand the hyperinflammatory state and coagulation disorders typical of certain stages
of COVID-19 disease [39,40].

Two recent studies reported that in their cohorts of 201 and 100 tracheostomized COVID-19
patients respectively, of whom 124 and 70 underwent percutaneous tracheostomies, while 77
and 30 underwent surgical tracheostomies, no differences in the rate of perioperative complica-
tions were found [19,41]. In the smaller of these cohorts [41], 26 (55.3%) patients experienced
stoma infection, hemorrhage, and subcutaneous emphysema. Botto et al. reported local infec-
tions, hemorrhage, and subcutaneous emphysema in 52.9% after percutaneous tracheostomy,
versus 60.0% after surgical tracheostomy. However, complication rates were not significantly
different between groups [41]. The pathogens identified in the smaller cohort of 30 COVID-19
patients were slightly different from those identified in our sample [41]. In another study,
delayed complications of tracheostomy included cuff leaks and bleeding at the stoma site [42].
Picetti et al. [43], in 66 COVID-19 ICU patients who underwent tracheostomy, reported stoma
infection and hemorrhage as the most common complications and the time to tracheostomy as
“very early” (around 6 days). Tang et al. reported tracheostoma bleeding as the leading com-
plication [14 (17.5%)], with major bleeding occurring in 4 patients (5.0%) [25], but with a time
to tracheostomy performance of 17.5 days. As abovementioned, this may be explained by the
variety of clinical presentations of COVID-19 coagulopathy [39,40]. In fact, antithrombotic treat-
ment and the natural history of the disease itself may lead to hemorrhagic or pro-coagulative
complications, especially in the early phase, with an increase in pro-inflammatory cytokines,
coagulation disorders, and endothelial and microvascular cell damage, that may be variable
in timing and presentation [44]. Therefore, the choice to delay tracheostomy in this patient
population seems reasonable at face value. However, COVID-19 is often associated with longer
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ventilator time than expected, more patient-ventilator asynchronies, and a more difficult and
longer weaning phase than in non-COVID-19 critical illness. Finally, the fact that prolonged
mechanical ventilation is associated with more complications and longer ICU stay suggests that
early tracheostomy should be deployed more widely in this patient cohort. Finally, we might
conclude that percutaneous tracheostomy seems to cause fewer infectious complications than
surgical techniques, both in COVID-19 and non-COVID-19 cohorts, although it is associated
with a higher risk of bleeding.

4.5. Limitations

Several limitations of the present study must be addressed. First, due to its retrospec-
tive nature, some key statistical tests could not be performed, and significant biases may
have affected patient selection. Second, temporal relationships are frequently difficult to
assess. Third, retrospective studies often need very large sample sizes to detect rare out-
comes. Even if a patient is ready for ICU discharge, “time of ICU discharge” may not be the
same as “time of ICU discharge decision” due to organizational problems. Additionally, no
data on general complications were collected (including polyneuropathy or critical illness),
but only data concerning complications related to tracheostomy as interest for our primary
and secondary endpoints, while a huge amount of data concerning the management of
neuromuscular paralysis were missing, as expected in a retrospective study. In fact, most of
the centers could not have been retrospectively accessed as to the reason for percutaneous
or surgical tracheostomy, therefore potentially influencing outcomes.

5. Conclusions

In critically ill COVID-19 patients, the median time to tracheostomy was longer
than described in non-COVID-19 subjects. The timing and type of tracheostomy did
not affect survival but did shorten overall-ICU stay (shorter for early and percutaneous
tracheostomy), even when considering “tracheostomy-ICU stay”. Post-tracheostomy in-
fection of the lower respiratory tract was less frequent with percutaneous dilatational
tracheostomy than with the surgical technique. A randomized multicenter trial is war-
ranted and clearly needed to elucidate the potential benefit of early and percutaneous
tracheostomy in critically ill, mechanically ventilated COVID-19 patients.
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