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Abstract

Purpose The need for prolonged invasive mechanical ventilation in COVID-19 patients is placing the otorhinolaryngologist
in front of an increasing request for tracheostomy. Nowadays, there is uncertainty regarding the timing of tracheostomy, the
prognosis of these patients and the safety of healthcare workers. The aim of this study is to evaluate the efficacy and safety
of tracheostomy placement in patients with COVID-19.

Methods A retrospective cohort study on 23 COVID 19 patients, to analyse the timing of tracheostomy, the risk factors
associated with in-hospital death and the infection of the involved health care workers. Early tracheostomy was defined
as <10 days and late ones > 10 days.

Results The mortality rate of COVID-19 patients admitted to ICU that underwent tracheostomy was 18%. The overall mor-
tality of patients admitted to ICU was 53%. The univariate analysis revealed that early tracheostomy, SOFA score > 6, and
D-dimer level >4 were significantly associated with a greater risk of death. At the multivariate analysis SOFA score > 6 and
D-dimer level >4 resulted as significant factors for a higher risk of death. No health care workers associated with tracheos-
tomy are confirmed to be infected by SARS-CoV2.

Conclusion We suggest to wait at least 14 days to perform tracheostomy. In patients with SOFA score > 6 and D dimer >4,
tracheostomy should not be performed or should be postponed. Optimized procedures and enhanced personal protective
equipment can make the tracheostomy safe and beneficial in COVID-19 patients.

Keywords Tracheostomy - COVID-19 - SOFA score - D-dimer level

Introduction

Up to May 18, 2020, a total of 224,760 had tested positive
for COVID-19 in Italy and 31763 of them died. The metro-
politan city of Venice, with an average population of 259414
inhabitants had 2617 confirmed cases with 256 deaths. In
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our institution was one of the first in Veneto and in Italy to
treat confirmed COVID-19, as this local area was recognized
as one of the most critical areas of Northeastern Italy [2, 3].

The critical cases have been defined by the occurrence
of respiratory failure requiring mechanical ventilation and
treatment in the ICU [4]. Recent data from Europe suggest
that in the most critically ill patients, the duration of invasive
ventilation could go up to 21 days [5].

The prognosis of this novel disease is not yet fully under-
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varies a lot among different countries: 26% in Lombardy [6],
49% in Wuhan [7], 39% USA [8] and 51,6% UK [9].

The guidelines of performing a tracheostomy asserted
that it is a standard of care due to its potentiality of reduc-
ing the duration of mechanical ventilation and length of stay
on intensive care, but its utility in the recovery of patients
with COVID-19 is unknown [9].

From the data found in the literature, the need for trache-
ostomies for ICU patients ranges normally from 2 to 11%
[10, 11].

At the beginning of March 2020, the Italian Society of
Otorhinolaryngology [12, 13], the British Association of
Otorhinolaryngology [14], and the American Academy of
Otolaryngology-Head and Neck Surgery [15] warned the
otolaryngologists on a possible increase in the request for
tracheostomies related to the COVID-19 infection.

During the COVID emergency, 23 of the 50 patients
(46%), hospitalized in intensive care for COVID-19 in our
hospital, underwent a temporary tracheostomy. Looking at
the request for tracheostomy in the same period in 2019 and
2018, there was an increase in the execution of tracheosto-
mies, respectively, of 69.5% and 56.5%.

As an aerosol-generating procedure, tracheostomy
increases healthcare worker exposure to COVID-19 infec-
tion, but the duration of viral load and correlation with trans-
mission rate are not yet precisely known [7].

Given these challenging issues, we have retrospectively
analyzed our data to try to give an answer to three main
problems related to tracheostomy in the COVID-19 patients:

e For which patients is tracheostomy indicated?

e What is the best timing for tracheostomy?

e Which is the correlation between viral load and staff
security?

We hypothesized that patients with poorer prognosis have
a higher SOFA score and higher D-dimer level.

The aim of this study was to evaluate the timing, appropri-
ateness and staff security of tracheostomy in patients receiv-
ing PMV in our medical-surgical ICU for SARS-COVID19.

Methods

This is a retrospective cohort study, which was conducted at
Angel Hospital and Saints Giovanni e Paolo Hospital (Ven-
ice, Italy) from 22nd February 2020 to 26th April 2020.
The inclusion criteria for participants were (a) positive to
COVID-19; (b) tracheostomy.
The following variables were selected:

e Age.
e Gender.
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Comorbidities (diabetes, hypertension...).

Date of intubation.

Date of tracheostomy.

Type of tracheostomy (surgical vs percutaneous).
Mortality.

Sedation.

Date to sub-intensive unit.

Date of weaning from VAM.

Date of decannulation.

SOFA (Sequential Organ Failure Assessment)-score at
the day of intubation and of the day before tracheos-
tomy calculated using https://www.mdcalc.com/ (see
Fig. 1 [16]).

e D-dimer level.

To explore the risk factors associated with in-hospital
death, univariate and multivariate analyses were per-
formed. Variables were chosen on the basis of previous
findings and clinical constraints.

Previous studies have shown blood levels of D-dimer
and Sequential Organ Failure Assessment (SOFA) scores
to be higher in critically ill or fatal cases [17, 18].

Similar risk factors, including older age, have been
reported to be associated with adverse clinical outcomes in
adults with SARS and Middle East respiratory syndrome
(MERS) [19]. Other studies underlined the negative effect
of hypertension, cardiovascular disease and diabetes on
survival [20].

Therefore, hypertension and cardiovascular disease,
diabetes, pulmonary disease, simultaneous presence of two
and/or three diseases, D-dimer, SOFA score at intubation
and at tracheostomy and age were selected for our logistic
regression model.

A statistical investigation was conducted to determine
whether the timing of tracheostomy procedure was a
prognostic factor for the survival status of the patients.
Hence, tracheostomy was defined as early if performed
within 10 days after intubation, as late otherwise. The
average intubation time in this study was 13.7 days; thus,
a 10-day threshold allowed to investigate the effect of an
earlier-than-average tracheostomy. Moreover, previous
studies have considered as early those procedures per-
formed between 7 and 14 days from intubation [21, 22].
At the moment, there are no single criteria on the timing
to perform the tracheostomy. In this study, patients were
evaluated daily; the procedure was performed when the
anesthesiologists verified that they could not be weaned
from mechanical ventilation and the clinical conditions
were stable, albeit the severity. Given the greater propen-
sity in our hospital to perform surgical tracheostomies by
otolaryngologists, this was the most used technique.
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Fig. 1 Sequential organ failure
assessment (SOFA) score
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Open surgical tracheostomy procedures

We performed the first tracheostomy on 10th March 2020
when no ENT guidelines on safe tracheostomy were
already been published [23].

The inclusion criteria in patients undergoing open sur-
gical tracheostomy were patients have tested positive for
COVID-19 with nasal pharyngeal swab for rtPCR assay
testing and need for prolonged mechanical ventilation (for
5 or more days). The exclusion criteria, on the other hand,
included patients with grave hypoxemia, severe incorrect
coagulopathy or with multi-organ failure.

For each patient, we carried out a multidisciplinary
discussion between the primary team, the team of pro-
cedures and the family to establish the objectives of the
assistance, the general prognosis and the expected benefits
of the tracheotomy.

For protective apparel, we adopted as a reference
handbook of COVID-19 [24], where level III protection
consisting of mask FFP3 (Europe) or N95, surgical cap,
goggles and face shield (can be worn on top of goggles),
surgical gown (use of double gown is preferable, where
available) and gloves (use of double nitrile gloves) was

FiO,

\

On mechanical
ventilation including
CPAP

Platelets,
x10%/uL

e

Bilirubin, Glasgow Coma Scale (Ifon
mg/dL sedatives, estimate
(umol/L) <€—  assumed GCS off sedatives)

suggested. Cap and shoe covers were considered necessary
for safely dressing.

Even Personal Protective Equipment (PPE) doffing was a
crucial moment which was carried out in a dedicated room.
It is important to note that the wear and removal of PPE were
sequential processes requiring proper training.

For the surgical tracheostomy placements, we followed
the procedure contained in the “Safe tracheostomy for
patients with severe acute respiratory syndrome” [25] sum-
marized in Fig. 2.

We performed all tracheostomies in the ICU in negative-
pressure rooms to avoid unnecessary transport of patients
and repeated connection and disconnection of ventilatory
circuits during transfer. Staff includes two surgeons, one
intensive care specialist, one nurse of intensive care and
two scrub nurses. One of the scrub nurses did not enter
the room and supported the personnel in the wearing and
removal of PPE and in preparing surgical instruments. Due
to the respiratory issues, cannula with a large inner diameter
was selected (Shiley 8 or 10). Cannula change was planned
7-10 days later using the same precautions (PPE utilization
and airflow interruption). Afterwards, cannula change can
be delayed 30 days after.
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Fig.2 Procedure of open surgi-
cal tracheotomy. ETT endotra-
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Statistical methods

At univariate level, the Fisher test was conducted to analyze
the association between the response variable and all the
categorical variables. Then a multivariate logistic regression
was performed to investigate the effect of the variables on
survival. A significance level of 10% was selected. Statistical
analyses were performed using Software “R”.

Results

Totally, 50 patients were admitted in the ICU and ventilated
with IVM with a diagnosis of COVID-19. The study cohort
comprises 23 patients (21 men and 2 women with a median
age of 69 years) who underwent a tracheostomy. Population
characteristics are summarized in Tables 1 and 2.

Twenty-two surgical tracheostomies and one percutane-
ous tracheostomy were performed.

The average time between the intubation date and the tra-
cheostomy date was 13 days. The mean time that the patients
were mechanically ventilated was 29 days. Mean time in
ICU was 27 days. Patients with a longer hospital stay in
intensive care were suffering from pre-existing pathologies

@ Springer

and in this case, tracheostomy was necessary in the previ-
sion of a more difficult weaning by mechanical ventilation.

Nine tracheostomies were performed early, while 14 tra-
cheostomies were performed late. After a median follow-up
of 50 days (IQR, 30.0-71.0 days), 9 patients (39%) died, 5
(22%) were receiving invasive mechanical ventilation in the
ICU, 3 (13%) were discharged from the ICU and are in the
pneumological sub-intensive unit, and 6 (26%) were decan-
nulated and discharged. One patient has had complications;
he presented post-tracheostomy bleeding, and he was on
therapeutic anticoagulation.

In addition, a preliminary analysis of mortality rate of
the entire sample of patients with COVID-19 recovered at
ICU was carried out. The overall mortality rate was 53%;
the mortality rate of patients with no tracheostomy was 35%;
the mortality rate of patients with tracheostomy was 18%, of
these, 6 (66.7%) tracheostomies were performed early and
3 (33.3%) late.

Among alive patients, mean time between tracheostomy
and decannulation was 26.8 days (with a minimum of 17 and
maximum of 36). Among dead patients mean time between
intubation and death was 21 days and mean time between
tracheostomy and death was 13.7 days. In our study, an early
tracheostomy was associated with a greater risk of death.
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Table 2 Patients characteristics and comorbility

Patients characteristics ICU care (n = 23)

Age, years 69 (42-84)
Sex

Men 21 91%)

Women 2 (8%)
Current smoking 4 (17%)
Diabetes 7 (30%)
Hypertension 11 (47%)
Cardiovascular disease 4 (17%)
Chronic obstructive pulmonary disease 88 (34%)
Malignancy 0
Obesity 3 (13%)
Chronic liver disease 0

To date, none of our tracheostomy team has developed any
symptoms of fever, general malaise, cough, shortness of
breath and/or have tested positive for COVID-19 with nasal
pharyngeal swab for rtPCR assay testing.

Statistical analysis

The univariate analysis revealed that early tracheostomy,
SOFA score at intubation higher than 6 and D-dimer level
higher than 4 were significantly associated with a greater
risk of death with a p value, respectively, of 0.077, 0.077
and 0.023. At the multivariate analysis, SOFA score at intu-
bation higher than 6 and D-dimer level higher than 4 were
significantly associated with a greater risk of death with a p
value, respectively, of 0.059 and 0.028. The variables age,
sex, presence and number of comorbidities, and SOFA score
at tracheostomy did not correlate with mortality rate. Results
of statistical analysis are summarized in Table 3.

Discussion

Tracheostomy in patients with COVID-19-associated res-
piratory failure is a challenging procedure due to both its
severity, duration and risk of infections.

From data emerging in the literature and based on clini-
cal experience, patients with COVID-19-associated respira-
tory failure required ventilatory support more than 4 weeks,
which causes side effects such as prolonged rehabilitation as
well as severe critical illness and neuropathy [5].

Tracheostomy is a widely used intervention in patients
with acute respiratory failure needing prolonged IMV, but
so far, no recommendation on COVID-19-affected patients
exists [26].

At the moment, there are at least three unsolved ques-
tions regarding the execution of tracheostomies in COVID-
19 patients.

The first concerns the prognosis of patients admitted to
intensive care for COVID-19. Severe and critical illness
occurred in approximately 20% of the patients after admis-
sion to hospital [5]. To decide whether to tracheostomize
patients, it would be important to define prognostic survival
indicators.

In contrast with Grasselli et al. [6], in our preliminary
study, elder age and coexisting medical condition were not
associated with a greater risk of poor outcome. On the other
side, in accordance with Zhou, our preliminary experience
identified as risk factors for COVID-19 mortality the high
SOFA score and increased D-dimer [19]. Further studies are
needed to better understand this association, but clinicians
should be aware that for patients with SOFA score higher
than 6 and D-dimer level higher than 4, tracheostomy could
be not indicated or at least should be postponed.

The second problem concerns the timing of the execu-
tion of this operation [27, 28]: “Can an early tracheostomy
improve the survival of patients since it reduces the ventila-
tory dead space, decreases the probability of ventilator pneu-
monia, decreases the stay in ICU, decreases the probability
of developing septic shock and disseminated intravascular
coagulation (CID) [19]?” In such a serious escalating pan-
demic, the aim of treating patients with COVID 19 disease is
to maximize the likelihood of recovery as quickly as possible
for the greatest number of patients.

In some hospitals, due to the short supply of resources
such as ventilators and sedatives, an early tracheostomy,
within 7 days of intubation, was initially proposed to be
performed to reduce the patient’s need for sedation and to
allow for an earlier transfer to the sub-intensive area. Oth-
ers argued that reducing sedation and partially returning the

Table 3 Statistical univariate

o : Total (n = 23) Survivor (. Non survivor p value p value
and multivariate analysis results =14)60% (n=9)40% univariate multivariate
analysis analysis
Early tracheostomy 9 (39%) 3 (21%) 6 (66%) 0.077 -
SOFA score intubation > 6 9 (39%) 3 (21%) 6 (66%) 0.077 0.059
D-dimero > 4 8 (35%) 2 (14%) 6 (66%) 0.023 0.028
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patient to spontaneous breathing could cause negative effects
on oxygenation and respiratory pattern [29]. Furthermore,
Chao et al. [30] suggest to wait beyond 21 days for the viral
load to decrease and to avoid unnecessary tracheostomies in
particularly, critically ill patients.

The American Academy of Otolaryngology-Head and
Neck surgery suggests that tracheostomy should be per-
formed after 14 days of endotracheal intubation, but there is
no evidence as to the optimal timing of tracheostomy [31].

Although outcome data on prone positioning in COVID-
19 (used in 12% of patients in one ICU study from Wuhan)
are currently lacking, the tendency for SARS-CoV-2 to affect
the peripheral and dorsal areas of the lungs provides the
ideal conditions for a positive oxygenation response to prone
positioning [32]. Considering that some patients have to be
prone in some cases for even 10 days and that tracheostomy
within the first 24 h is a relative contraindication to prona-
tion, it would be better to wait at least 10 days to perform
tracheostomy [33].

The timing of tracheostomy is yet to be defined in such
critically ill patients, but our results and recommendations
worldwide would suggest performing a tracheostomy after
at least 14 days of endotracheal intubation in patients who
are unable to be weaned by ventilator but who have sufficient
chances of survival.

Considering that in our study, mean time from intubation
to death was 21 days, for patients with higher SOFA score
and higher D-dimer level, we suggest to wait until 21 days to
decide for tracheostomy to avoid clinically vain procedures
for patients and to rule out health care workers from worth-
less exposure risks.

The third problem concerns the viral load of COVID-19
and the infectious capacity of the virus.

In Italy on April 5th, 12,252 health workers have tested
positive for COVID-19, resulting in 10% of Italy’s COVID-
19 cases; at the time we were writing, 165 medical doctors
and 40 nurses have died [34, 35]. In China, more than 3300
healthcare workers were infected (4% of the 81,285 reported
infections). In Spain, on 25th March, nearly 6500 medical
personnel were infected, 13.6% of the country’s 47,600 total
cases and 1% of the health system’s workforce [36].

As an aerosol-generating procedure, tracheostomy
increases healthcare worker exposure to COVID-19 infec-
tion, but the duration of viral load and correlation with trans-
mission rate is not yet precisely known [37].

Literature data show how the virus can remain in the body
for up to 2 months [7]. However, in some cases, it may not be
clinically or practically feasible to wait for a negative result
prior to undertaking tracheostomy.

Our preliminary experience and early experience from
other Italian [26, 38] and Chinese [39] studies support
the safety of tracheostomy if appropriate protocols are
strictly followed. After 1 month from the last tracheostomy

we performed, none of our team developed symptoms of
COVID-19. Specifically, recommendations contained in
“Safe tracheostomy for patients with severe acute respiratory
syndrome” revealed to be safe in our experience. The dress
and undressing procedures and the use of specific DPI were
of fundamental importance and limit the infections among
clinicians; moreover, having a dedicated experienced team
to fulfill tracheostomies will allow familiarity with the pro-
cedure, curtail the risk of contamination and decrease setup
time.

This study has several limitations. First, our study might
have selection bias because it was a single-center, retrospec-
tive study, with limited sample size, even if it had sufficient
power to detect the significant differences between groups
in mortality. Second, there is no assessment of the follow-up
effect of the SARS-CoV-2 on discharged patients, although
patients in this study were thought to have definite outcomes.
Third, for the greater propensity in our hospital to perform
surgical tracheostomies, it was not possible to carry out an
analysis and comparison with percutaneous tracheostomies.

Finally, due to the short follow-up, we do not have data
of beneficial effect of tracheostomy on long-term mortality
and on the potential complications associated with tracheos-
tomy; thus, further studies focusing on long-term outcomes
are warranted.

The strength of our study is that is the first case series to
report data on such a threatening issue and might help clini-
cians worldwide who will soon be dealing with the same
challenges.
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