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Abstract

Purpose Coronavirus infection disease 2019 (COVID-19) causes in 10% of patients a severe respiratory distress syndrome
managed with invasive mechanical ventilation (IMV), sometimes difficult to wean. The role of tracheotomy is debated for
the possible risks for patients and staff. We are going to describe here our experience with surgical tracheotomy in COVID-
19 positive patients.

Methods We enrolled all intensive care unit (ICU) patients requiring longer than 10 days of IMV. Demographic, clinical,
respiratory, complications, and outcomes data were collected, in a particular length of weaning from sedation and IMV,
in-ICU and in-hospital mortality rate. All healthcare operators involved were tested for SARS-CoV2 by pharyngeal swab
and blood test (antibody test).

Results 13 out of 68 ICU patients (19.1%) underwent surgical tracheotomy after a median intubation period of 14 days. The
mean age was 60 (56—65) years. 85% were male patients. Postoperative mild bleeding was seen in 30.7%, pneumothorax in
7.7%. Mean weaning from sedation required 3 days, 19 days from IMV. In-ICU and in-hospital COVID-infection-related
mortality was 23.1% and 30.7%, respectively. None of the healthcare operators was found SARS-CoV2 positive during the
period of the study.

Conclusions In COVID-19 pandemic surgical tracheotomy enables to wean from sedation and subsequently from IMV in a
safe way for both patients and personnel.

Keywords Coronavirus infection disease - Covid-19 - SARS-CoV2 - Tracheotomy - Respiratory distress syndrome

Introduction Novel coronavirus (SARS-COV?2) caused acute respira-

tory distress syndrome characterized by a wide range of clin-

Coronavirus infection disease 2019 (COVID-19), declared a
pandemic by World Health Organization, has been spreading
around the world impacting deeply hospital care at differ-
ent levels [1]. During the first phase of pandemic, Italy was
one of the hardest hit countries for the number of people
infected. Piedmont, in Northern Italy, recorded over 30,000
affected people within 3 months [2].
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ical presentations which, in nearly 12% of subjects, required
intensive care unit (ICU) recovery [3]. Patients admitted to
ICU with severe respiratory syndrome were treated in over
70% of cases with oro-tracheal intubation and subsequent
invasive mechanical ventilation [4]. Furthermore, critically
ill patients frequently suffered from severe muscle weakness
due to prolonged immobilization and use of profound neu-
romuscular blockage. Thick airway secretions usually found
in these patients made airway patency difficult to maintain
[5]. All of these reasons explain the need for prolonged and
difficult weaning from invasive mechanical ventilation in
such patients, with a high risk of developing complications
like hospital infections, thrombosis or even prolonged swal-
lowing impairment with silent aspiration [6].

Tracheotomy, widely used in critical care, was performed
in 8-13% of all critically ill patients before the COVID-19
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pandemic [7]. Tracheotomy is commonly considered a
cornerstone in critical care to ease weaning from invasive
mechanical ventilation due to reduction of work of breath-
ing, less use of sedative, and more collaborative patient.
However, its use in COVID-19 patients is still debated and
not unanimously recommended due to potential high risk for
both patients and healthcare operators. Airway manipulation
and loss of positive airway pressure during tracheotomy may
be detrimental especially in the case of critical hypoxia as
seen in most of these patients. Then, SARS-CoV-2 virus,
transmitted through aerosol generation and contact with con-
taminated surfaces, is associated with high droplet and par-
ticle generation, placing health care providers at increased
risk for transmission of respiratory viral infections.

Despite protocols and guidelines written by international
groups, some issues concerning tracheotomy in COVID-
19 pneumonia are still debated, in particular related to the
choice of the right patient, timing, techniques and ventilator
setting [8—12].

Up to date, few experiences about tracheotomy in
COVID-19 people are reported [13—18].

The aim of our study was to share our single-center expe-
rience on surgical tracheotomy in patients with COVID-
19, outlining its safety for both patients and healthcare
personnel.

Materials and methods
Type of the study

Our retrospective observational study was realized in a sec-
ond level Italian hospital (Cardinal Massaia Hospital—Asti,
Italy).

Patients enrolled

During COVID-19 outbreak, 10-beds ICU was expanded to
30 beds and converted into negative pressure environment.
We retrieved data regarding all COVID-19 positive patients
admitted in ICU from March 1th to May 15th 2020 requir-
ing tracheotomy.

In our experience the criteria to practice tracheotomy
were:

e an invasive mechanical ventilation longer than 10 days

e acute respiratory distress syndrome ventilated with any
positive end-expiratory pressure (PEEP) and fraction of
inspired oxygen (FiO,)

e hemodynamic stability.
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Technical and safety aspects

All surgical tracheotomies were performed by an expert
surgical team composed by two skilled head and neck sur-
geons, an anesthesiologist encharged of tracheal tube and
mechanical ventilation management, a scrub nurse, an assis-
tant nurse and a nurse to support the anesthesiologist. The
procedure was realized in a negative pressurized operating
room to reduce the risk of viral spreading [19]. All opera-
tors followed WHO guidelines for aerosol-generating pro-
cedures performed on COVID-19 patients [20]. Before get-
ting dressed, bracelets and other jewelry were removed for
surgical scrubbing. Then each operator wore a protective cap
and shoe covers, FFP3 or N95 mask, safety goggles or face
shield, double gowns and double nitrile gloves. All operators
in the operating room were protected (Fig. 1).

All patients were monitored as usual in our operating
room (oxygen saturation, end tidal CO,, blood pressure,
and electrocardiography).

The surgical technique did not differ from the original
one but some crucial points must be underlined:

e monopolar electric scalpels were avoided to prevent
aerosol generation.

e before opening the trachea it is mandatory to have the
best possible oxygenation (O, 100% for 3 min) and
deep muscle paralysis (to avoid couching);

e the ventilator is turned off immediately before tracheal
incision to avoid the aerosol generation of blood or
tracheal secretion;

e just before the surgical incision of the trachea, the tra-
cheal tube is pushed up as much as possible to avoid
cuff breach;

e the trachea is opened between the second and third ring
by a scalpel to reduce the risk of airway fire due to high
oxygen concentration;

e when the airway is open, any electrosurgical device is
no longer used to avoid the risk of aerosol generation;

e the removal of the tracheal tube is the most hazardous
step of all the procedure due to the risk of infection
spread. The ventilator is completely stopped, tracheal
tube is lifted avoiding complete extubation, then non-
fenestrated tracheal cannula is inserted in the lumen.
The cannula cuff is promptly inflated at an appropriate
pressure. Heat and moisture exchanger filter closes the
circuit. Only at this point ventilator is resumed. The
correct tracheal tube position is checked with end-tidal
CO,, avoiding thoracic auscultation to not contaminate
the stethoscope. At this point, the tracheal tube is com-
pletely removed.

e the anterior trachea wall should be sutured to the skin
to facilitate insertion and postoperative management.
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Fig. 1 Operating theater: trache-
otomy in a COVID-19 patient
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Data collected

The data were collected using medical and nursing elec-
tronic records. Demographic data were: age, gender, weight,
height, body mass index (BMI), COVID-19 status before
procedure, comorbidity (Charlson Comorbidity Index,
hypertension, diabetes, cardiovascular), length of ICU stay
before tracheotomy (days), number of patients ventilated in
an “easy” setting (PEEP <12 mmHg or an inspired frac-
tion in O, <0.6) recommended in some guidelines as safe
cut-off to practice tracheotomy [14]. Clinical and respira-
tory data before procedure were: preoperative SOFA score,
Richmond Agitation sedation Score (RASS), PEEP, FiO,,
PaO,/FiO, ratio. Tracheotomy-related data were: length of
surgical procedure in minutes, procedure-related complica-
tions (death, respiratory arrest, esophageal fistula, subcuta-
neous emphysema, pneumotorax or pneumomediastinum,
major and minor bleeding, infection). The outcome data
were the length of weaning from sedation (Richmond Agi-
tation Sedation Score (RASS) score 0+ 1) in days, patients
weaned from mechanical ventilation and time required for a
complete disconnection in days, subjects decannulated and
length of tracheotomy stay in days, in-ICU and in-hospital
mortality. All healthcare operators involved in these surgical
procedures were tested for COVID-19 with pharyngeal swab
and blood test (antibody test) to check their viral status after
the intervention.

Ethics

All procedures performed in studies involving human par-
ticipants were in accordance with the local ethical standards
of the institution and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards.

All patients or their relatives in case of unconscious sub-
jects were completely informed about risks and benefits
related to the procedure. Written consent was given and
collected for all procedures.

Statistical analysis

Numerical data were expressed as the median and interquar-
tile range (IQR). Categorical variables were expressed in
percentage. Our study is a unique not randomized cohort of
patients, therefore statistical analysis is only descriptive. The
statistic program used was Excel™ for Windows™.

Results

Among 68 cases of COVID-19 positive patients admitted to
ICU in the period of study, we practiced 13 surgical trache-
otomies (19.1%) after a median period of invasive mechani-
cal ventilation of 14 days (11-16 days, IQR). Other demo-
graphic data are summarized in Table 1.

At the moment of the procedure, 30.7% of patients were
ventilated with a lower ventilator setting (PEEP < 12 mmHg
or Fi0, <0.6). Clinical and respiratory data are summarized
in Table 2.

Tracheotomy was realized within 20 min (15-20 min
IQR). Postoperative complications observed during our
study were pneumothorax in one case (7.7%) and mild
bleeding not requiring surgical revision in four cases
(30.7%). After surgical tracheotomy, patients were weaned
from sedation in 3 days (3-20 days, IQR). During the period
of our study, 53.8% of patients were completely weaned
from mechanical ventilation within an average of 19 days
(17-22 days) and 38.5% of patients were decannulated from
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Table 1 Demographic and preoperative data

Demographic and preoperative data

Age; median (IQR)—years 60 (56-65)
Gender 85% male, 15% female
Body mass index; median (IQR) 29 (28-35)
Charlson Comorbidity Index: median (IQR) 2 (2-3)
Comorbidity
Hypertension 61.5%
Diabetes 23.1%
Cardiovascular 30.8%

Demographic and preoperative comorbidity data of the patients sub-
mitted to tracheotomy are resumed in the table

IQR inter-quartile range

Table 2 Preoperative clinical and respiratory data

Preoperative clinical and respiratory data Median, (IQR)

SOFA score 6(61t09)
Richmond Agitation Sedation Score (RASS) -5(-5t0—-4)
PEEP (mmHg) 10 (10 to 12)
Fraction inspired in O, (FiO,) 0.45 (0.4 t0 0.6)
PaO,/FiO, ratio 152 (122 to 199)

Average preoperative respiratory performance of the patients submit-
ted to tracheotomy

PEEP positive end expiratory pressure

the surgical procedure (28-37 days, IQR) in post-ICU ward
after 29 days.

In-ICU and in-hospital COVID-19 infection-related mor-
tality were respectively of 23.1% and 30.7%. There were
no deaths due to tracheotomy complications. No healthcare
operators were found positive for SARS-CoV2 by pharyn-
geal swab and blood test.

Discussion
Tracheotomy during COVID-19 pandemic

COVID-19 has recently spread all around the world in a
quick and unpredictable way, overwhelming in a few days
ICU capacity of most of the involved countries. COVID-
19 pneumonia, in some cases and in the most severe ones,
required prolonged invasive mechanical ventilation due
to severe respiratory failure (13% of hospitalized people)
[3]. Although tracheotomy is commonly indicated to man-
age prolonged mechanical ventilation in standard critical
care, its use is debated during the COVID-19 pandemic,
counterbalancing positive points and risks related to the
procedure. Tracheotomy enables to ease weaning from

@ Springer

ventilator support, to facilitate airway suctioning clearing
the patient’s secretions, to improve his comfort and mobi-
lization and eventually to prevent long-term complications
(i.e. tracheal stenosis). On the other side, this procedure may
present some risks for both patients and health care person-
nel in COVID-19 people. Tracheotomy is likely to worsen
an already critically low hypoxia as frequently observed in
these patients. Then this procedure could expose health care
operators to contract viral infection due to high risk of viral
spread [4].

Indication for tracheotomy

COVID-19 pandemic stressed the health care system around
the world and Italy was one of the most hit countries. The
presence of a great number of patients with severe respira-
tory failure requiring prolonged ICU recovery was the main
reason to practice tracheotomy within few days. On the other
hand, one of the most tricky points was about the prognosis
of COVID-19 pneumonia due to the paucity of data from the
literature. An early warning model for predicting mortality
in viral pneumonia was introduced in a previous study but
its validity in COVID-19 pneumonia is not confirmed [20].
Mortality rate in COVID-19 patients varies from different
countries and studies. One previous work, made in the first
period of the outbreak in China, showed that non-survivors
were more likely to receive invasive mechanical ventilation
(59% vs. 15%) and only 5.7% of ventilated patients survived
after 28 days of ICU stay [21, 22]. In other studies, overall
mortality rate reached 67% of all ICU patients [3] and over
50% in European work [11].

The decision for tracheotomy should involve a multidis-
ciplinary discussion and should be supported by multiple
team members. This process is quite complex and it must
consider age, comorbidity, and ICU resources. In our expe-
rience, 19% of all ICU COVID-19 patients were prone to
tracheotomy due to their young age and low comorbidity
index. Our enrolled people were similar to other studies
where patients presented a median age around 60 years old,
more frequently male, obese (BMI>29) and in good health
status before COVID-19 [11, 14].

Type and timing for tracheotomy

We decided to practice surgical tracheotomy to reduce
risks of aerosol generation and to guarantee more safety to
patients (less disconnection, shorter apnea time, less reduc-
tion in positive airway pressure, and less risk of bleeding
in these deep heparinized patients). Optimal timing for tra-
cheotomy is still debated in COVID-19 patients [23, 24]. In
fact, in such a complex and unpredictable situation, early tra-
cheotomy may be futile while late tracheotomy is not likely
to assist in ventilator weaning. During the early phase of
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COVID-19 pneumonia, tracheotomy was not recommended
due to uncertain prognosis (within the first week), high viral
load and the need for prone positioning, according to some
authors [7]. On the other hand, the delay of the procedure
could worsen the clinical course due to complications that
occurred for prolonged tracheal intubation (tracheal stenosis,
dysphagia) [6] and very high dosage of sedative required
in such patients. Recently, it has been pointed out that pro-
longed intubation may pose a high risk of post-extubation
dysphagia and subsequent increased risk of ab ingestis
pneumonia, which may be detrimental in those patients who
experience partial or prolonged lung recovery [6]. Although
arole of early tracheotomy is not identified, it is possible that
it may be beneficial, allowing a shorter intubation period,
faster weaning and the possibility to protect the airways at
the same time. A gap of 14-21 days from intubation is pro-
posed in guidelines to allow sufficient decline in viral load
[14]. In our experience, we practiced surgical tracheotomy
within 14 days even if in a few cases prone positioning pro-
tocol went on. This gap was earlier than other experiences
where tracheotomy was made in 20 days [21, 22], although
other authors even reported an earlier timing [23]. The prin-
cipal aims of our choice were to reduce deep sedation and to
facilitate a complex and very long respiratory weaning. Our
patients were weaned from sedation in a median period of
3 days and from mechanical ventilation within 19 days. This
time for respiratory recovery was quite long, as expected,
and similar to other experiences (18 days in a previous study
on 270 mechanical ventilated patients) [16].

Guidelines and protocols recommended a 21 days delay to
reduce viral load, but a clinical viral reduction may require
many days and the choice to wait for a complete viral nega-
tivization could be clinically unfeasible as previously out-
lined [5]. In our experience, we decided to move up trache-
otomy (within 14 days) to get easier management of such
difficult patients.

Ventilator setting

In our study, a tracheotomy was practiced even if the
patient was not ventilated in an easy manner (low PEEP
and FiO,). Previous protocols and guidelines refer a PEEP
level < 12 mmHg and a FiO, < 0.6 as the clinical criteria for
a safer elective tracheotomy [15].

COVID-19 pneumonia is characterized in most severe
cases by a profound and prolonged reduction in oxygena-
tion. In our experience, an easy ventilator setting was met in
only 30% of enrolled cases. However, the need of a faster as
possible weaning from sedation and neuromuscular block-
age made us decide to practice surgical tracheotomy even
if patients were still treated with higher PEEP and inspired
oxygen.

Safety of the procedure

The surgical approach was considered the best choice in
our experience when a negative pressure operating room
and a skilled dedicated surgical team were available. The
importance of a negative pressure operating room with
air exchange implants has been underlined as the gold
standard to minimize the viral spread and residual viral
load in the surgical theatre, to achieve minimal risk for
the healthcare workers. In this setting, less than 1% of
the original viral load is present after 12 min from ini-
tial exposure [25]. The surgical approach allowed quick
access to the airway with less manipulation and subse-
quent spread of SARS-CoV2 especially in subjects with
higher BMI (BMI > 30), like some patients treated in our
study. Furthermore, the bronchoscope required in the per-
cutaneous approach may be a further aerosol-generating
procedure with an increased infectious risk for personnel.
The time to practice surgical or percutaneous tracheotomy
was similar in our experience. In fact, median surgical
time in our study (20 min, IQR 15-20 min) did not differ
from time reported for the percutaneous approach in other
experiences [16].

Mortality rate during a pandemic depends on the phase
in which patients were enrolled, ICU capacity, and bal-
ance between the number of patients affected and ICU
resources. Therefore, data about mortality derived from
different studies are not comparable. In our experience, in-
ICU and in-hospital mortality rate was respectively 23.1%
and 30.7% lower than previous studies realized in the first
phase of pandemic (67%) [21]. Few complications were
met in our experience. The most frequent post-procedural
complications were minor bleeding (30.7%) and pneumo-
thorax (7.7%). All COVID-19 positive patients received
a full dose of heparin and this could explain why bleed-
ing was the most common complication in such cases,
although it was usually well controlled without surgical
intervention. All health care personnel involved in trache-
otomy remained COVID-19 negative to the pharyngeal
swab and blood exams during this period of the pandemic.

Limits

The most important limitation of our study is related to
the paucity of cases reported. Like other studies about this
topic, our number of patients enrolled reflects the average
flow of COVID-19 patients admitted in a single centre.
Some authors encourage other centers to share their own
experience with the aim to collect more robust and sig-
nificant data [18].
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Conclusions

In our experience surgical tracheotomy practiced following
some important warning points about personnel equipment
and technical variation is a safe tool in COVID-19 patients
requiring prolonged invasive mechanical ventilation. This
procedure is able to manage weaning from sedation and sub-
sequently from prolonged and tricky mechanical ventilation.
Ultimately, it is safe also for healthcare operators with an
acceptable risk of viral spreading.
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