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Abstract Introduction Percutaneous tracheostomy (PT) in the intensive care unit (ICU) is a
well-established practice that shows a reduced risk of wound infection compared with
surgical tracheostomy, thus facilitating mechanical ventilation, nursing procedures,
reduction in sedation and early mobilization.
Objective This is an observational case-control study that compares the results of PT
in ICU patients with coronavirus disease 2019 (COVID-19) prospectively enrolled to a
similar group of subjects, retrospectively recruited, without COVID-19.
Methods Ninety-eight consecutive COVID-19 patients admitted to the ICU at Pisa Azienda
Ospedaliero Universitaria Pisana between March 11th and May 20th, 2020 were prospec-
tively studied. Thirty of them underwent PT using different techniques. Another 30 non-
COVID-19 ICUpatientswere usedas a control-group. Themainoutcomewas to evaluate the
safety and feasibility of PT in COVID-19 patients. We measured the rate of complications.
Results Percutaneous tracheostomy was performed with different techniques in 30
of the 98 COVID-19 ICU patients admitted to the ICU. Tracheostomy was performed on
day 10 (mean 10� 3.3) from the time of intubation. Major tracheal complications
occurred in 5 patients during the procedure. In the control group of 30 ICU patients, no
differences were found with regards to the timing of the tracheostomy, whereas a
statistically significant difference was observed regarding complications with only one
tracheal ring rupture reported.
Conclusion Percutaneous tracheostomy in COVID-19 patients showed a higher rate
of complications compared with controls even though the same precautions and the
same expertise were applied. Larger studies are needed to understand whether the
coronavirus disease itself carries an increased risk of tracheal damage.
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Introduction

In late February 2020, Italy was stricken by the coronavirus
disease 2019 (COVID-19) pandemic. The outbreak first
started in the Northern part of Italy and then spread south,
causing disruption in social services and increasing the
burden on hospitals and intensive care units (ICUs).1

From the preliminary experience in Northern Italy and
China, it emerged that the majority of the COVID-19 positive
critically ill patients experienced a rapid progression of
pneumonia to acute respiratory distress syndrome (ARDS),
which can lead to respiratory insufficiency and death.1–6

Tracheostomy is usually advisable in critically ill patients
requiring prolonged mechanical ventilation (MV) to facilitate
the weaning process. It has many beneficial effects, such as
improving pulmonary and chest mechanics, the reduction of
laryngeal or tracheal nociceptive stimuli, and injury due to
protracted endotracheal intubation, and the improvement of
patient comfort leading to less need of sedation. It also
facilitates oral hygiene, nutrition and improves communica-
tion with personnel and relatives. However, it may be associ-
ated with complications related to the surgical technique.7–9

Percutaneous tracheostomy (PT) is nowadays one of the
most common procedures in the ICU. It allows the intensivist
to perform it at the bedside by placing a tracheostomy
cannula after piercing the anterior tracheal wall using blunt
dilatation of soft tissues by passing dilators over a guidewire
according to the Seldinger technique.10 As such, PT is a less
invasive procedure that carries fewer procedural risks if
performed by experts under direct bronchoscopy.

The benefits of performing early tracheostomy in the ICU
are unclear from the available data. However, tracheostomy
must be customized to the subject’s clinical condition,
recovery expectation, risk of continuous endotracheal intu-
bation, and ventilatory machine support.10

Specific COVID-19 reports, case series, and recommenda-
tions about tracheostomy have been published but have not
specifically targeted percutaneous approaches,11–14 except
for one recent publication.15

As an aerosol generating procedure (AGP), PT increases
potential viral exposure to the personnel, thus requiring
them to have adequate personal protective equipment
(PPE).16,17 Reducing the risk of nosocomial outbreak ampli-
fication through the transmission of COVID-19 to other
patients and health caregivers is of critical importance.4

For this reason, at the Azienda Ospedaliero Universitaria
Pisana, ambient positive air pressure was converted to
negative in the COVID-19 critical care area to allow safer
AGPs, such as non-invasive ventilation (NIV), intubation and
extubation, bronchoscopy, and tracheostomy.

In the present paper, we report the analysis of percuta-
neous tracheostomy in patients with COVID-19 at the
Azienda Ospedaliero Universitaria Pisana.

The aim of our study was to evaluate clinical, logistic
(negative pressure environment, PPE) and management
differences between tracheostomy performed on patients
with ARDS due to COVID-19 and patients with ARDS from
other causes.

Material and Methods

After local ethics committee approval (protocol nr. 17124,
April 9th, 2020), a prospective (COVID-19 group) and retro-
spective (control group) study was performed at our ICU.

From March 11th to May 20th, 98 consecutive patients
suffering from acute and severe respiratory failure were
admitted to the COVID-19 dedicated ICU at the Azienda
Ospedaliero Universitaria Pisana.

Patients needing tracheostomy were recruited as the
COVID-19 group, and a retrospective matched group of
patients were also included for comparison.

The exclusion criteriawere: age< 18; preexisting tracheal
pathology; tracheostomy in the past; tracheal or neck infec-
tion; known coagulopathy; altered neck anatomy, such as
thyroid mass or swelling; unstable cervical spine; morbid
obesity; elevated positive end expiratory pressure (PEEP)
ventilation, and consent refusal.

The indication and timing of the tracheostomywerebased
on the duration of theMV, the need for prone ventilation, the
anticipation of prolonged MV, and frequency of weaning
failures.

The patient had to meet the following criteria: positive
end expiratory pressure (PEEP)< 10 cm H2O; fraction of
inspired oxygen (FiO2)< 0.7 L/min, and hemodynamic sta-
bility (avoidance or low dose of vasopressor agents, no
serious cardiac arrhythmia).

Statistical Analysis
All the data were analyzed using SPSS software version 24.0
for MacOSX (IBM Corp., Armonk, NY, USA). The baseline
characteristics of patients were presented as number and
percentage for dichotomous variables and mean� standard
deviation (SD) for continuous variables.

All the data were tested for normality using the Shapiro-
Wilk analysis.

Analysis of variance (ANOVA) was evaluated using the
one-way ANOVA procedure, with a p-value 0.05 chosen for
the level of significance. The Chi-squared test was used to
find correlation between categorical data.

Unless otherwise stated, the data are presented as
mean� SD.

Statistical studies were two-tailed and a p-value 0.05was
considered significant.

Results

The sample consisted of 78% male patients with a mean age
of 64� 13 years in the COVID-19 group, and of 74% male
patients with a mean age of 67� 15 years in the control
group (p NS).

The mean total time of MV in days was 18� 10 in the
COVID-19 group, and 11� 12 in the control group (p< 0.05),
with amean sedation time in days of 15� 12 in the COVID-19
group, and of 9� 4 in the control group (p< 0.05). The mean
ICU stay was 24.5� 8.2 in the COVID-19 group, and
23.4� 7.3 in the control group (p non-significant [NS])
(►Table 1).
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Orotracheal intubation was required in 57 of the COVID-
19 patients, who did not require PT, at some point during
their stay.

In the COVID-19 group, a tracheostomy was performed in
32 patients: PT was performed in 30 patients, a surgical
tracheostomy in the remaining 2.

Of the 32 tracheostomized subjects, 26 patients were
already invasively ventilated upon arrival from the emergency
department or transported intubated from spoke hospitals.

Tracheostomy was performed on day 10� 3.3 from time
of intubation in the COVID-19 group.

According to on-duty intensivist’s practice and experi-
ence, PTwas performed in 13 patients with the Griggs Portex
(Smiths Medical Inc. Minneapolis, MN, USA) technique, in 15
using the Ciaglia Blue-Rhino (Cook Medical Inc. Blooming-
ton, IN, USA) procedure, and in 2 patients with the Fantoni
trans-laryngeal technique.18

In one patient scheduled to undergo a Griggs procedure, a
surgical tracheostomy was performed as a lesion of the
posterior tracheal wall was detected upon endoscopically
evaluating the tracheal lumen prior to initiating the PT. The
lesion had probably occurred during tracheal intubation in
the prehospital setting. In another case the surgical approach
was preferred due to the unfavorable anatomy of the
patient’s neck.

According to our protocol, a baseline endoscopic evalua-
tion was performed in all cases to assess the tracheal anato-
my and the feasibility of the tracheostomy procedure, and in
all cases PT procedure was performed under bronchoscopy
using a disposable Ambu aScope 4 Broncho Regular dispos-
able broncoscope (Ambu s.r.l., Milan, Italy) or standard air-
ways video endoscope connected to an external monitor
screen.

At the time of PT, one patient in the Ciaglia group was on
veno-venous extracorporeal membrane oxygenation (VV

ECMO) due to the severity of the respiratory insufficiency.
This allowed ventilation to be stopped to substantially
reduce the risk of aerosol generation.

All procedures were conducted by expert intensivists
wearing the appropriate PPE, in particular filtering facepiece
class 3 (ffp3) respirator, face protecting shield, and eye
protection (►Fig. 1).

The following complications were found after the PT: in 4
patients, a tracheal injury was observed consisting of a
longitudinal mucosal laceration of the posterior wall. Such
lesions occurred in two cases with the Griggs procedure and
in two subjects with the Ciaglia technique. In one of the
tracheal injuries following the Ciaglia Blue-Rhino percuta-
neous procedure, which was distally located only 1.5 cm
from the carina, we took advantage of the specific cannula
included in the Fantoni kit (Covidien-DAR, Segrate, Milan,
Italia), which has a very short distal cuff. The complications
were suspected based on pneumomediastinum or pneumo-
thorax detected on chest X-ray or computed tomography
(CT) scan after the procedures, and, in all cases, a tracheo-
scopy confirmed the tracheal wounds. All tracheal injuries
were not treated surgically, but a conservative treatment and
endoscopic follow-up was preferred: all of them healed
completely within 2 weeks.

One large tracheoesophageal fistula (►Supplemental

Video 1) was experienced during PT using the Griggs tech-
nique that required immediate surgery for esophageal and
tracheal wall repair. This patient, who underwent PT on day
17, is still in our ICU on VV-ECMO, now on day 58 (►Fig. 2).

Supplemental Video 1

Large tracheoesophageal fistula in a
patient with COVID-19, endoscopic
vision.

We also observed two lesions to the pyriform sinuses due
to placement of nasal-gastric tubes (NGT).

In the control group of 30 sex- and age-matched ICU
patients undergoing mechanical ventilation for ARDS, PT
was performed with the Ciaglia technique in 20 patients and
theGriggs in 10using bronchoscopyguidance in all cases. Only
one minor complication was reported, which consisted of a
tracheal ring rupture during the cannula introduction.

None of the members of the team who performed the PT
in the COVID-19 group turned out to be positive for Sars-
CoV-2 screening, according to the hospital protocols.

Discussion

Although awell-established practice in the critically ill, there
is no evidence so far that the percutaneous approach was
superior to the surgical one in the setting of the COVID-19
pandemic.

Percutaneous tracheostomy involves extensive airway
manipulation, such as bronchoscopy and serial dilatation

Table 1 Feature summary in patients with COVID-19 and non-
COVID-19 infection

COVID-19
Group

Non-COVID-19
Group

p

Sex (Male) % 78 74 NS

Age (years) 64� 13 67� 15 NS

Admission
PaO2/FiO2

160 170 NS

Ciaglia 15 20

Griggs 13 10

Fantoni 2 0

MV duration
(days)

18� 10 11� 12 < 0.05

Sedation time
(days)

15� 12 9� 4 < 0.05

Mean ICU stay
(days)

24.5� 8.2 18.4� 7.3 < 0.05

Abbreviations: ICU, intensive care unit; MV, mechanical ventilation.
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of the trachea during the maneuver leading to a theoretical
risk of aerosolization and favoring the surgical approach
during the SARS pandemic.19,20 On the other hand, percuta-
neous approaches have evolved over time as well as devices
to perform bronchoscopy, such as remote monitors and
closed circuits to seal the airway and prevent air diffusion
and desaturation during the procedure.21 Furthermore, PT
can be performed as a bedside procedure, thus avoiding
moving the critically ill patient to the operation room.
Moreover, PT has also been demonstrated to be safer in
terms of bleeding complications compared with the surgical
procedure22: a recent report about PT in COVID-19 patients
discloses increased hemorrhagic complications.15 We did

not observe such an increased bleeding risk, but this might
depend on different anticoagulation regimens related to
local protocols. Nonetheless, managing bleeding complica-
tions seems to be crucial in COVID-19 patients who seem to
benefit from anticoagulation administration.23

As far as we know from early reports concerning the
present COVID-19 pandemic, invasive ventilation has to be
expected to be longer rather than shorter in ICU patients and
tracheostomy in the ICUmust be performed according to the
proper timing.24As of today, there is no identified time-point
when diseased patients either improve, remain stable, or
progress toward death due to pulmonary complications. In
the SARS-1 epidemic, themean time from onset to deathwas

Fig.2 Computed tomogrpahy scan showing large tracheoesophageal fistula (A) and bilateral pneumothorax (B).

Fig.1 Tracheostomy procedure performed in a COVID-19 patient on veno-venous extracorporeal membrane oxygenation, personnel wearing
full PPE.
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23.7 days,25 suggesting the low potential benefit of trache-
ostomy prior to this time. Patients who show no clinical
or radiological remission within 10 days may be more likely
to require ongoing ventilation and have amore severe course
of disease, including death.4 There is no anticipated timing
for viral clearance, and critically ill patients may have
significantly longer positive testing, lasting at least 2 to
3 weeks.2

As previously reported, early tracheostomy within
10 days has shown beneficial effects in terms of early
liberation frommechanical ventilation and heavy sedation.26

In our experience, PTwas feasible and safe for the medical
team and the majority of our patients. A brief survey among
the intensivists who performed the PT in our patients
revealed the difficulty related to wearing full PPE as the
most challenging condition in this setting. In particular, the
double gloves were reported as limiting the sensitivity to
guidewire manipulation and handling the dilators. Such
qualitative evaluation highlights once more the need for
themost experienced operators to be involved in performing
PT in COVID-19 subjects. Surprisingly, no bleeding compli-
cationswere observed despite the altered coagulation profile
these patients may show27 and the continued lowmolecular
weight heparin regimen. Periods of ventilation interruption
during the procedure were minimal and the risk of aerosol
generationwere reduced by using seals between the catheter
mount piece and the bronchoscope used to guide the percu-
taneous procedure. In the patient under VV-ECMO support,
we could completely stopmechanical ventilation throughout
the PT procedure.28

Other COVID-19 airway complications have been
reported, and they seem to be related to laryngitis and
consequent edema of the upper airways.29

The 5 major complications we reported seem to suggest
an apparent frailty observed in COVID-19 patients and
related to perfusion impairment, as suggested elsewhere.30

Though not yet reported, also the two lesions from the NG
tube seem to suggest an abnormal reactivity in the upper
airway tissues in such patients.

As it remains unclear why we detected more anatomical
complications if compared with the control group, and even
compared with the COVID-19 series recently reported,15

further investigation in larger series is needed to address
this observation in our patients. Published data from autop-
sies31 in COVID-19 patients so far tend to concentrate on the
lung pathology and do not provide insight into the upper
airway characteristics in this specific disease.

Lesson Learned and Where to Go from Here

Based on this experience from the first wave of the pandem-
ic, we plan to have a multidisciplinary tracheostomy team
(otolaryngologists, intensivists, airway endoscopists) in case
of a new pandemic peak. This team will be composed of the
most experienced operators who should carry out all the
procedures. In the light of zero contamination among our
staff members, we also confirm the logistics of negative
pressure rooms as the preferred setting.

Conclusion

Our experience with patients admitted to the ICU for SARS-
CoV2 infection showed that the need for tracheostomy in
such patients does not show specific peculiarities. Tracheos-
tomyhad no significant impact neither in the duration ofMV,
nor in the overall duration of ICU stay. However, COVID-19
patients showed a surprisingly higher rate of PT-related
complications compared with non-COVID-19 ICU patients.
Whether such side effects depend on specific disease char-
acteristics affecting the upper airway tissues or on logistic
differences is still unknown, and deserves further studies.
Despite being a high-risk AGP, tracheostomy itself did not
increase the ICU personnel infection rate thanks to the
recommended protective measures.
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