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Abstract

Background: Tracheostomy is a useful tool in the management of mechanically ventilated patients allowing shorter ICU length of stay and
sedative consumption. Although its use in COVID-19 patients was initially controversial, we decided to introduce tracheostomy in our strategy
of ICU patient management. The aim of our retrospective study is to describe the outcomes of intubated COVID-19 patients comparing patients
who underwent tracheostomy to those who did not.

Methods: Data of all intubated COVID-19 patients, treated from 25.02.20 to 06.03.21 in our hospital were collected from our patient registry.
Tracheotomy was performed either though a percutaneous dilatational (PDT) or an open surgical technique (OST). Mortality was analyzed and
compared between the groups of tracheostomy (A) and non-tracheotomy (B) patients.

Results: A total of 187 intubated COVID-19 patients (mean age 68 years; 71% men) were included in the study. 104 (56%) underwent
tracheostomy, PDT being the preferred technique. 30 days mortality of all intubated patients was 54 of 187 (29%). The mortality of tracheotomy
patients was significantly lower than non-tracheostomy patients (15% vs 49%; p<.001). Early tracheostomy (< 14 days) led to shorter ICU and
hospital length of stay. No surgeon performing tracheostomy developed COVID-19.

Conclusion: Our study is the largest case series of patients comparing intubated COVID-19 patients undergoing tracheostomy to those who
did not. Our results show a better mortality rate for tracheostomy patients compared to non-tracheostomy patients. Tracheostomy was therefore
not only a safe strategy in management of ventilated bed availability but seems to also affect survival in a positive way.
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Abbreviation: ARDS: Acute Respiratory Distress Syndrome; BMI: Body Mass Index; COVID-19: Coronavirus Disease 2019; EOC: Ente Ospedaliero
Cantonale; FiO2: Fraction of Inspired Oxygen; ICU: Intensive Care Unit; IMV: Invasive Mechanical Ventilation; NEWS: National Early Warning
Score; ODL: Ospedale Regionale di Locarno; OST: Open Surgical Tracheostomy; Pa0O2: Partial Pressure of Oxygen; PDT: Percutaneous Dilatational
Tracheostomy; SARS-COV-2: Severe Acute Respiratory Syndrome Coronavirus 2; SD: Standard Deviation

Introduction

over-65 years (23%) in a population of about 360’000 inhabitants
On 11 March 2020, the World Health Organization declared

Coronavirus disease 2019 (COVID-19) as a pandemic disease
[1]. Between February and May 2020, the first pandemic peak

[2] our canton feared a collapse of the health system. Local
government decided to divide acute health facilities in COVID
and non-COVID hospitals. Our hospital, Ospedale Regionale di
hit the canton of Ticino in southern Switzerland. Because of the . . . .

Locarno (ODL) is part of the multi-site public hospital network
border with northern Italy, Europe’s first affected region, our
region also witnessed rapid growing numbers of infected patients,

hospitalizations and deaths. With a high prevalence of people

Ente Ospedaliero Cantonale (EOC). It was designated as one of the
two COVID-19 dedicated hospitals in southern Switzerland on 11
March 2020. In normal conditions, ODL has a total capacity of 180
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beds. The whole facility was dedicated to COVID-19 patients and
non-COVID activities were outsourced to other hospitals of the
EOC network.

Our intensive care unit (ICU) capacity was expanded from 8
to 45 ventilator equipped beds. Surgical activity in our hospital
was also limited to COVID patients. This organization allowed
centralization of material (e.g, mechanical ventilators) and
specialized medical and nursing staff. Geographic separation of
COVID patients was further thought to help limit the spread of the
pandemic and to protect non-COVID patients and health workers.
The management of SARS-CoV-2 (severe acute respiratory
syndrome induced by Coronavirus disease 2019) patients in
need of a mechanical ventilation is consuming many resources.
Patients suffering acute respiratory distress syndrome (ARDS)
as in our COVID-19 patients have a high mortality and long ICU
hospitalization time [3]. Tracheostomy is a useful tool in the
general management of intubated ARDS patients. It is known to
reduce [CU stay, duration of mechanical ventilation and cumulative
sedation dose, thus allowing earlier rehabilitation [4-6].

Positive effect on mortality is however controversial [5]. At
the beginning of the COVID pandemic, the use of tracheostomy
was not recommended because of the potential risk of infection of
health care workers performing this operation [7-9]. We decided
however to use this procedure in the management of our intubated
COVID patients to face the increasing demand of ICU beds and
the shortage of supply of sedatives (Propofol and Midazolam)
present during the first pandemic wave. We further created a new
intermediate ward with 24 beds able to admit relatively stable
tracheostomized patients still in need of ventilatory aid, thus
relieving the pressure on the ICU. This strategy was kept in place
also during the second pandemic wave from November 2020 to
March 2021 even if the number of daily admissions was not as
important as during the first wave.

Since the first pandemic wave, several studies have been
published on the use of tracheostomy in the management of ICU
patients showing safety of the procedure [10-16]. Only a few of
these reports presented cohorts with more than 100 patients. To
our knowledge only one study compared tracheostomy patients
with non-tracheostomy patients and the use and timing of
tracheostomy in COVID-patients remains controversial [14]. The
aim of our study is to describe our experience in the management
of intubated COVID-19 patients between March 2020 and March
2021 comparing outcomes between patients who underwent
tracheostomy to those who did not.

Methods

The study was approved by our local ethics committee (2021-
00475, Rif. CE TI 3829). All COVID-19 patients admitted to our
ICU and subjected to invasive mechanical ventilation (IMV)
during the first and second pandemic wave between 25.2.2020
and 06.03.2021 were included in the study. Inclusion criteria

were age>18, COVID-19 infection confirmed by nasopharyngeal
or oropharyngeal swab and intubation. Exclusion criteria was
explicit refusal of study consent. Data including demographic
information, co-morbidities, clinical characteristics, e.g., national
early warning score (NEWS [17]), ARDS classification (Berlin
classification [18]) and tracheostomy procedure details were
retrospectively extracted from the digital medical records of our
patients. The treating ICU specialist decided about indication and
timing for tracheostomy depending on patient’s conditions.

Parameters to guide for patient selection included unfit
for extubation, no need for prone positioning for more than 24
hours, positive end-expiratory pressure (PEEP) <980 Pa, fraction
of inspired oxygen (Fi02) <50% and hemodynamic stability
without increasing doses of vasoactive drugs. A special surgical
team was created for tracheotomies and a standard in-house
procedure protocol was defined. Percutaneous dilatational
tracheostomy (PDT) using either the Ciaglia or the Twist
technique was the preferred surgical procedure. It was performed
at patient’s bedside under bronchoscope guidance performed
by an anesthesiologist or a pneumologist. Decision to use either
the Ciaglia or the Twist technique was based on the availability
of tracheostomy material. In case of contraindication to PDT-
because of anatomical characteristics (e.g., wide and short neck),
open surgical tracheostomy (OST) was performed in a negative-
pressure operating theatre. Healthcare providers protected
themselves with personal protective equipment following internal
guidelines.

No special investigations regarding patient infectivity (e.g.,
Polymerase chain reaction test) were performed prior to the
procedure. For health care workers safety reasons, tracheostomy
was performed under general anesthesia to reduce coughing
risk and thus aerosolization during the procedure. A cuffed
fenestrated tracheostomy tube with flange and a non-fenestrated
inner cannula was used. Correct placement of the tracheostomy
tube and absence of bleeding was confirmed by bronchoscopy.
Pulmonary auscultation, observation of chest movements
and end-tidal gas sampling confirmed correct functioning
of the tracheostomy. To describe clinical course, time from
symptoms onset to hospitalization and time between intubation
and tracheostomy were collected. Time from intubation to
decannulation was assessed for tracheostomy patients and, in
analogy, time of intubation was collected for non-tracheostomy
patients.

We defined two study periods corresponding to the first
(February and May 2020) and the second (November 2020 and
March 2021) pandemic wave. Patients were further divided into
2 groups depending on if they underwent tracheostomy (A) or
not (B). As outcome parameters, we analyze 30-day mortality
as well as hospital and ICU length of stay for all patients and we
compared them between the two patient groups (A and B). All
patients were followed up for at least 30 days. Patients of the first
pandemic wave had even 60 days follow up. Statistical analysis
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was performed using student T-test for comparison of mean
values. For dichotomous differences, we used the Fisher T-test
for small samples and the Chi-square test with Yates correction
for samples greater than 5. Kaplan-Meier functions were used
to depict survival curves. Statistical significance was defined as
P<.05

Results

Between 25 February 2020 and 6 March 2021, 1572, patients
with COVID-19 infection were admitted in our hospital, 242
(15%) patients were transferred to ICU. Of these, 189 (87%)
needed intubation and mechanically ventilation. Two patients
retrospectively actively refused participation to the study and
were withdrawn. Retrospective analysis was therefore performed
on 187 patients (80 first wave patients; 107 second wave
patients). Tracheostomy was performed in 104 patients (group
A: 56%), whereas 83 patients (group B: 44%) were not subjected
to this procedure. Mean age of our patient cohort was 68 years
(SD 10; range 33-86 years) and the male to female ratio was 133
to 54 (71% vs. 29%). ARDS was classified following the Berlin

between first and second wave of Covid-19.

classification as severe in 126 patients (67%). Mean duration of
symptoms prior to hospital admission was 6.3 days (SD 4) and
the mean national early warning score (NEWS) at admission was
7.3 (SD 3).

The most frequent comorbidities were arterial hypertension
in 104 of 187 patients (56%), obesity in 73 (39%), diabetes in
62 (33%), heart disease in 51 (27%) and chronic obstructive
pulmonary disease (COPD) in 31 patients (17%). 66 of 187
patients (35%) were under antiplatelet or anticoagulant therapy
(Table 1 & 2). The NEWS score was significant higher in the first
pandemic wave compared to the second wave (8 vs 6.7; P=.004).
There was no further significant difference for any other of the
characteristics neither between first and second pandemic
wave patients nor between group A (tracheostomy) and B (no
tracheostomy). Of the 104 patients undergoing tracheostomy, 101
patients (96%) underwent bedside PDT. In one patient PDT was
not successful and conversion to open technique was necessary.
Ciaglia technique was used in 89 of 101 cases (88%) while the

Twist technique was performed in 12 patients (12%).
Table 1: Comparison of demographic characteristics of all ICU-patients

Baseline Characteristics 1st wave No. (%) 2nd wave No. (%) | Total No. (%) P value
Number of patients 80 (43) 107 (57) 187 (100) -

Mean age (SD) 66.5 (9) 68.4 (10) 67.6 (10) 0.17

Female 22 (27) 32 (30) 54 (29)
Gender 0.84

Male 58 (73) 75(70) 133 (71)
<60 15 (19) 18 (17) 33 (18) 0.88
Age groups 60-80 62 (77) 76 (71) 138 (74) 0.41
>80 34) 13 (12) 16 (9) 0.06
Heart disease 19 (24) 32 (30) 51 (27) 0.44
COPD 12(15) 19 (18) 31(17) 0.76
Hypertension 43 (54) 61 (57) 104 (56) 0.77
Diabetes Mellitus 24 (30) 38 (36) 62 (33) 0.53
30.6 (6) 29.6 (5) 30.0 (5) 0.28
Underweight (= 18.5) 1(1) 0(0) 1(1) 0.43
Mean BMI (SD) Normal range (18.5-24.9) 7 (9) 19 (18) 26 (14) 0.12
Overweight (25.9-29.9) 27 (34) 36 (34) 63 (34) 0.89
Obese (2 30) 33(41) 40 (37) 73 (39) 0.7
Smoking 7(9) 4(4) 11(6) 0.21
Nutritional risk screening (SD) 42 (1) 43 (1) 43 (1) 0.45
Chronic renal failure 9(11) 19 (18) 28 (15) 0.3
Lier disease 5(6) 12 (11) 17(9) 0.31
Cancer 8(10) 16 (15) 24 (13) 0.43
Dementias 2(3) 5(5) 7 (4) 0.7
Anti-platelet 19 (24) 29 (27) 48 (26) 0.73

Therapy type

Anti-coagulations 9(11) 9(8) 18 (10) 0.69
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Mild 1(1) 0(0) 1(1) 0.43
Moderate 23 (30) 27 (35) 50 (27) 0.71

ARDS Grade
Moderate-severe 4(5) 1(1) 503) 0.17
Severe 52 (65) 74 (69) 126 (67) 0.66
Duration of onset of symptoms to admission [days] (SD) 6.0 (3) 6.5 (4) 6.3 (4) 0.44
National early warning score at admission (SD) 8.0 (3) 6.7 (3) 7.3 (3) 0.004

SD: Standard Deviation; ICU: Intensive Care Unit; COPD: Chronic Obstructive Pulmonary Disease; BMI: Body Mass Index; ARDS: Acute Respi-
ratory Distress Syndrome

Table 2: Comparison of demographic characteristics between tracheostomy (Group A) and non-tracheostomy intubated patients (Group B).

Characteristics Group A No. (%) Group B No. (%) Total No. (%) P value
Number of patients 104 (56) 83 (44) 187 (100) -
Mean age (SD) 68.1(9) 67 (10) 67.6 (10) 0.45
Female 31 (30) 23 (28) 54 (29)
Gender 0.88
Male 73 (70) 60 (72) 13391)

<60 14 (13) 19 (23) 33 (18) 0.14
Age groups 60-80 80 (77) 58 (70) 138 (74) 0.36
=80 10 (10) 6(7) 16 (9) 0.75
Heart disease 24(23) 27 (33) 51 (27) 0.2
COPD 13(12) 18 (22) 31(17) 0.14
Hypertension 59 (57) 45 (54) 104 (56) 0.84
Diabetes Mellitus 39 (37) 23 (28) 62 (33) 0.21
30.4 (5) 29.5(5) 30.0 (5) 0.32
Underweight (= 18.5) 1(1) 0(0) 1(1) >.99
Mean BMI (SD) Normal range (18.5-24.9) 13 (12) 13 (16) 26 (4) 0.68
Overweight (25.9-29.9) 37 (36) 26 (31) 63(34) 0.65
Obese (Z 30) 45 (43) 28 (34) 73 (39) 0.24
Smoking 6 (6) 5(6) 11 (6) >.99
Nutritional risk screening (SD) 4.3 (1) 4.2 (1) 4.3 (1) 0.61
Chronic renal failure 14 (13) 14 (17) 28 (15) 0.66
Liver disease 9(9) 8(10) 17 (9) 0.98
Cancer 12 (12) 12(14) 24 (13) 0.71
Dementias 3(3) 4(5) 7 (4) 0.7
Anti-platelet 25 (24) 21(25) 46 (25) 0.98

Therapy type
Anti-coagulations 9(9) 8 (10) 17 (9) 0.98
Mild 0(0) 1(1) 1(1) 0.44
Moderate 27 (26) 23 (28) 50 (27) 0.92

ARDS Grade
Moderate-severe 3(3) 292) 5@3) >99
Severe 72 (69) 54 (65) 126 (67) 0.65
Duration of onset of symptoms to admission [days] (SD) 6.2 (3) 6.3 (5) 6.3 (4) 0.86
National early warning score at admission (SD) 7.6 (2) 6.9 (3) 7.3(3) 0.1

SD: Standard Deviation; COPD: Chronic Obstructive Pulmonary Disease; BMI: Body Mass Index; ARDS: Acute Respiratory Distress Syndrome.
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In three obese patients (3%) with very short neck, the risk
of PDT failure was considered as high and OST was performed.
Our ICU specialists advocated large calibre tracheostomy cannula
to facilitate ventilation and diminish the risk of mucus plug
formation. According to this, a 10mm cannula was placed in 65
of 104 patients (62%), while in 39 cases (38%) we inserted an
8.5mm cannula. During the first COVID-19 wave we performed

A) and non-tracheostomy intubated patients (Group B).

49 (47%) tracheostomy and 55 (53%) during the second wave.
Mean time between intubation and tracheostomy was 13.7 (SD
6; range 5-33) days (Table 3). During the first pandemic wave
tracheostomy were performed significantly earlier than during
the second wave (14.7 vs 12.6 days; P=.06, (Table 3). All patients

developed at least one complication (Table 4).
Table 3: Comparison of complications between tracheostomy (Group

Complications Group A No. (%) Group B No. (%) Total No. (%) P value
Number of patients 104 (56) 83 (44) 187 (100) -
VAP 80 (77) 45 (54) 125 (67) 0.002
Poly neuromyopathy 83 (80) 30 (36) 113 (60) <.001
Acute kidney failure 56 (54) 31(37) 87 (47) 0.04
Anemia 50 (48) 26 (31) 76 (41) 0.03
Atrial fibrillation 35(34) 33 (40) 68 (36) 0.48
Pressure ulcer 43 (41) 20 (24) 63 (34) 0.02
Deep vein thrombosis 43 (4) 11 (13) 54 (29) <.001
Sepsis 25(24) 27 (33) 52 (28) 0.26
HSV-stomatitis 27 (26) 9 (11) 36 (19) 0.02
Urinary tract infection 14 (13) 10 (12) 24 (13) 0.95
Liver failure 4(4) 15 (18) 19 (10) 0.003
Pulmonary embolism 9(9) 8(10) 17 (9) 0.98
Sinusitis 10 (10) 4(5) 14 (7) 0.27
Tracheotomy bleeding 9(9) 9(5) -
Pneumothorax 7(7) 1(1) 8 (4) 0.08
Others 2(2) 4 (5) 6(3) 0.4
HSV: Herpes Simplex Virus; VAP: Ventilated Associated Pneumonia.
Table 4: Comparison of outcomes between tracheostomy (Group A) and non-tracheostomy intubated patients (Group B).
Outcomes Group A No. (%) Group B No. (%) Total No. (%) P value
Number of patients 104 (56) 83 (44) 187 (100)
Mean intubation time [days] (SD) 12.4 (8)
Mean intubation time (survivors) [days] (SD) 10.5(5)
Mean intubation - tracheostomy time [days] (SD) 13.7 (6) -
Mean ICU length of stay [days] (SD) 26.6 (12) 14.6 (8) 21.3(12) <.001
Mean ICU length of stay (survivors) [days] (SD) 26.7 (12) 14.5(6) 22.7 (12) <.001
Mean total length of stay [days] (SD) 39.3 (16) 20.7 (10) 31.1 (16) <.001
Mean total length of stay (survivors) [days] (SD) 40.9 (16) 24.8 (8) 35.6 (16) <.001
Mean intubation - decannulation time [days] (SD) 29.6 (13)
Mean intubation - decannulation time (survivors) [days] (SD) 30.6 (13) - -
Mortality at 30 days 16 (15) 41 (49) 57 (30) <.001

SD: Standard Deviation; ICU: Intermediate Care Unit. No significant difference in 30 days mortality was seen between first and second pandemic
wave. Mean timing of tracheostomy after intubation longer during the second wave (14.7 vs 12.6 days, P= .06). Subgroup of no tracheostomy
group removing deaths and recovery within two weeks (Subgroup B1, 44 patients) shows higher 30 days mortality than tracheostomy group with

20 deaths (45% vs 15% P<.001).
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The most frequent complications were ventilator associated
pneumonia (VAP) in 125 of 187 patients (67%), polyneuropathy
in 113 (60%), acute kidney failure in 87 (47%), anemia in 76
(41%), atrial fibrillation in 68 (36%), pressure ulcers in 63 (34%),
deep vein thrombosis in 54 (29%) and sepsis in 52 patients
(28%). Of the 104 tracheostomy patients, nine (9%) developed a
local bleeding and in one case surgical hemostasis was necessary.
No other procedure related complication were observed. VAP,
polyneuropathy, acute kidney failure, anemia, pressure ulcer, DVT,
HSV-stomatitis, and liver failure occurred more frequently in the
tracheostomy group. No member of the surgical tracheostomy
team developed COVID-19 during the study period. Total hospital
length of stay was significantly higher in the tracheostomy group
(39.3 vs 20.7 days; P<.001). The same applies for ICU length of
stay (26.6 vs 14.6 days; P<.001). These differences in length of

stay were still significant when considering only survivors.

The mean time from intubation to decannulation was 30.6
(SD 13; range 12-76) days for survivors of the tracheostomy
group. In total 77 of 104 (74%) patients could be decannulated,
two of these patients however died after decannulation. Over
80% of decannulation occurred during hospitalization, the rest
in the rehabilitation clinic where patients were transferred. Mean
intubation time for group B survivors was 10.5 days (Table 3).
To further stratify the tracheostomy group, we separated early
(<14 days) and late (=14 days) tracheostomy patients as shown
in (Table 5). Early tracheostomy led to significant shorter hospital
and ICU length of stay and to a shorter time from intubation to
decannulation. Kaplan-Meier survival curves for both patient
groups are shown in (Figure 1). Overall, 30 days mortality for our
patient cohort was 57 of 187 patients (30%).
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Figure 1: Kaplan-Meier survival curves for both patient groups are shown.
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Table 5: Comparison of outcomes between tracheostomy (Group A) and non-tracheostomy intubated patients (Group B).

Outcomes E:r;i g':;:;(:t(oo/r:;y Latlitgz;lslel\;):tgjzl)y > Total No. (%) P value

Number of patients 52 (50) 52 (50) 104 (100) -
Mean intubation - tracheostomy time [days] (SD) 9.2 (2) 18.2 (5) 13.7 (6) <.001
Mean ICU length of stay [days] (SD) 19.8 (9) 33.4(11) 26.6 (12) <.001
Mean ICU length of stay (survivors) [days] (SD) 19.9 (9) 33.5(12) 26.7 (12) <.001
Mean total length of stay [days] (SD) 32.7 (12) 45.8 (16) 39.3 (16) <.001
Mean total length of stay (survivors) [days] (SD) 34.2 (13) 47.7 (17) 40.9 (16) <.001
Mean intubation - decannulation time [days] (SD) 24.0 (10) 35.5(13) 29.6 (13) <.001
Mean intubation - decannulation time (survivors) [days] (SD) 25.2 (10) 36.0 (14) 30.6 (13) <.001
Mortality at 30 days 13 (25) 3(6) 16 (15) 0.01
Total Mortality 13 (25) 12 (23) 25 (24) >99

SD: Standard Deviation; ICU: Intermediate Care Unit
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Mortality did not change between the first and the second
pandemic wave. There was a significant lower mortality in the
tracheostomy group at 30 days with 16 deaths of 104 patients
(15%) vs 41 deaths of 83 patients (49%, P<.001). In the non-
tracheostomy group B, many patients died before reaching the
criteria necessary for tracheostomy or recovered rapidly, thus
not needing any tracheostomy. Trying to correct this selection
bias we removed from group B patients who left the ICU (death
or recovery) in the first 14 days after intubation (comparable to
the mean time between intubation and tracheostomy). Mortality
of the tracheostomy cohort was still lower compared to this new
subgroup (B1) of 44 non-tracheostomy patients with 20 deaths
(15% vs 45%, P<.001). Mortality of tracheostomy patients was
not affected by the timing of tracheostomy (early vs late). At end of
follow up 76 of 104 tracheostomy patients were still alive (73%)
and 2 patients were lost.

Discussion

Our study is one of the largest single institution studies of
COVID-19 patients undergoing tracheostomy extending over a
period of 12 months thus covering the first and second pandemic
wave that overcame Europe. Overall, 30 days mortality of all
intubated patients of 57 of 187 (30%) is lower to the pooled
ICU mortality rate of 40% published in the systematic review by
Armstrong et al. [19]. In contrast to this review, we did not witness
any change in mortality over the course of the study period. In our
study intubated patients undergoing tracheostomy (A) showed
a lower mortality than those who had no tracheostomy (B). This
appeared although no difference in patients characteristics were
found between these two cohorts. These findings are in line with
the results published in the only other study comparing these
two patients groups [14]. Because of the indication criteria for
tracheostomy there is however an important selection bias in
the non-tracheostomy group, which contains patient fit for early
extubation as well as patients too instable for tracheostomy.

This is reflected in the fact that mean intubation time for all
patients and for survivors in this group was shorter than the mean
time from intubation to tracheostomy in group A (12.4 resp. 10.8
vs 13.7 days). The majority of group A patients either recovered
or died very quickly as shown in the Kaplan-Meier survival curves.
To try to eliminate this bias we build a subgroup (B1) of non-
tracheostomy patients removing patients who died or recovered
before 14 days, which corresponds to the mean time of from
intubation to tracheostomy. Mortality of group A (tracheostomy
patients) remained still lower. Although the effect on survival
remains unclear, tracheostomy has shown its benefit in the ARDS
management in non-COVID patients shortening ICU length of stay,
duration of mechanical ventilation and sedative consumption
[4-6]. The use of this procedure is however controversial in
COVID-patients. Early study and guidelines suggested avoiding
tracheostomy, suggesting the procedure only after careful
evaluation and not before 10-21 days [7-9].

007

Because of the initial very bad course of intubated COVID-19
patients the need for this procedure was questioned. High concerns
about contagion of health care workers during the procedure also
detracted from this operation. Several studies suggested various
tracheostomy techniques to minimize disease spread and some
guidelines advocated avoiding percutaneous procedures [20].
Tracheostomy is therefore seldom used in the management of
COVID-19 patients (only in 9% of intubated patients) as shown in
the study by the COVID-ICU [21]. In our institution tracheostomy
was part of the management of ICU patients from the beginning
with 104 of 187 (56%) of the mechanically ventilated patients
undergoing this operation. Our strategy did not change in time
between the first and the second pandemic wave. Meanwhile
various studies show the safety and potential advantages of
tracheostomy in COVID-19 patients [10-16]. The review by Al
Omari et al. [22] shows that open surgical tracheostomy is the
most used technique.

We used preferably the percutaneous technique (in 101 of 104
of the cases) at the patient’s bedside. This approach failed only
in one patient and an open technique was necessary. A similar
conversion rate was reported by Breik et al. [14]. Bleeding of the
tracheostomy was the only other procedure related complication
with a lower rate (9 of 104 patients, 9% of cases) than reported
by other authors [10,13,15] but in line with the studies with
most patients [14,16]. Over the whole study period, no surgeon
performing tracheostomy contracted COVID-19 confirming the
safety of the procedure for health care workers. The mortality rate
found in the tracheostomy group is in line with the published data
[22], in particular when compared to the largest studies with a
similar follow up of more than 30 days [13-14,16]. Unfortunately,
even for survivors at 30 days the risk of death remains present
[21].

Indeed, the number of survivors decreased from 88 at 30-
day to 76 at end of the follow up with two patients lost. Non-
procedural complication rate was higher in the tracheostomy
group for several complications including VAP, polyneuropathy,
acute kidney failure, pressure ulcers and deep vein thrombosis.
To our knowledge no other study compared complications in
these two patient groups. The higher complication rate could
be explained by the fact that tracheostomy patients had a
significant longer ICU and hospital length of stay than intubated
patients (14.6 vs 26.6 resp. 24.8 vs 40.9 days, P<.001). In the non-
tracheostomy group, many patients died or recovered fast, thus
having less time to develop complications. Breik et al. [14] found
similar higher length of stay in the tracheostomy group. These
high values correspond to the ICU and total hospitalization times
seen in COVID-19 patients with severe ARDS as in our patient
cohort [21].

While in non-COVID-19 patients tracheostomy showed
shorter ICU and hospital length of stay this was not the case in our
study on COVID patients. Selection bias in the non-tracheostomy
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group is probably the reason for this. With time the usefulness
of tracheostomy in COVID-19 patients has been recognized
and guidelines have been adapted [23], but the timing of the
procedure is still controversial [24,25]. In our patient cohort
survival of tracheostomized patients was not influenced by the
time of tracheostomy confirming the results of other authors
[10,14]. Other studies however showed a benefit on survival by
early tracheostomy [12,15]. Nevertheless, we showed a clear
benefit of early tracheostomy for ICU and total hospital length of
stay as well as for the time to decannulation confirming findings
of other authors [10,12,14-15]. Not being a randomized study and
the decision to tracheostomy being dictated by the clinical course
of the patient, there is a clear bias in patient selection between the
early and the late tracheostomy groups.

Our study presents some limitations. Itis a retrospective single
center study and there is a selection bias in the non-tracheostomy
patient group as presented above. A study randomizing patient
now in which they fulfill the criteria allowing tracheostomy would
have to be carried out to confirm our findings. The relative low
mortality rate compared to the literature in our tracheostomy
group shows that our strategy did not harm the patient as for
survival.

Conclusion

In our experience, tracheostomy resulted a safe tool in the
management of mechanically ventilated COVID-19 patients
and was associated with a lower 30-day mortality compared
to non-tracheostomy patients. Early procedure led to shorter
ICU and total hospital length of stay as well as shorter time to
decannulation. It helped manage the ICU resources especially in
the first pandemic wave. Further research is warranted to confirm
benefits of tracheostomy on survival.

Ethical Approval

All procedures performed in studies involving human
participants were in accordance with the ethical standards of the
institutional and national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable
ethical standards.
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