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Abstract
Background: Percutaneous dilation tracheostomy is an aerosol-generating procedure carrying
a documented infectious risk during respiratory virus pandemics. For this reason, during the
COVID-19 outbreak, surgical tracheostomy was preferred to the percutaneous one, despite the
technique related complications increased risk.
Methods: We describe a new sequence for percutaneous dilation tracheostomy procedure that
could be considered safe both for patients and healthcare personnel. A ﬁberscope was connected to a video unit to allow bronchoscopy. Guidewire positioning was performed as usual.
While the established standard procedure continues with the creation of the stoma without
any change in mechanical ventilation, we retracted the bronchoscope until immediately after
the access valve in the mount tube, allowing normal ventilation. After 3 minutes of ventilation with 100% oxygen, mechanical ventilation was stopped without disconnecting the circuit.
During apnea, the stoma was created by dilating the trachea and the tracheostomy cannula
was inserted. Ventilation was then resumed. We evaluated the safeness of the procedure by
recording any severe desaturation and by performing serological tests to all personnel.
Results: Thirty-six patients (38%) of 96 underwent tracheostomy; 22 (23%) percutaneous dilation tracheostomies with the new approach were performed without any desaturation. All
personnel (150 operators) were evaluated for serological testing: 9 (6%) had positive serology
but none of them had participated in tracheostomy procedures.
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Conclusion: This newly described percutaneous dilation tracheostomy technique was not
related to severe desaturation events and we did not observe any positive serological test
in health workers who performed the tracheostomies.
© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Introduction
Acute respiratory distress syndrome (ARDS) is the most
serious complication of the new coronavirus disease 2019
(COVID-19) which has led to a high and unexpected number of patients admitted to intensive care units (ICU) who
required mechanical ventilation worldwide. Many COVID-19
patients require tracheostomy due to prolonged mechanical ventilation. Tracheostomy has the advantage to reduce
the risk of laryngeal damage and the need for sedation,
which facilitates the process of weaning from mechanical
ventilation and the patient’s discharge from the ICU.
The most widespread techniques of percutaneous dilation tracheostomy (PDT) in ICU patients are performed with
a single dilatator (e.g., Ciaglia or Percutwist techniques)
or with special curved forceps (Griggs technique). All PDT
techniques appear to be equally feasible at bedside in ICU,
although the Griggs technique is associated with a higher
incidence of intraprocedural bleeding and technical difﬁculties to complete the procedure (i.e., difﬁcult cannula
insertion, difﬁcult dilation, or failure) than the single dilatator technique.1
PDT is an aerosol-generating procedure that carried a
documented infectious risk during the last Severe Acute Respiratory Syndrome (SARS) pandemic.2,3 In most SARS-CoV-2
patients, low respiratory tract specimens could remain
positive for longer periods than upper respiratory ones.4
Therefore, postponing tracheostomy as much as possible
could reduce the infectious risk for healthcare professionals. Stoma dilation is probably the most hazardous phase
because air leaks are common at this point of the maneuver.
In the hypothesis that the PDT, as an aerosol generating procedure, could be dangerous for healthcare personnel,
in this study we described a new technique which possibly
reduces viral spreading. Then we evaluated the SARS-CoV-2
serological status of healthcare personnel.

Methods
This study is part of the COVID-BioB study, an observational
investigation performed at Istituto di Ricovero e Cura a
Carattere Scientiﬁco (IRCCS) San Raffaele Scientiﬁc Institute (NCT 04318366), and it received approval by the Ethical
Committee. From February 25 to April 22, 2020 we admitted
patients with ARDS requiring invasive mechanical ventilation
in the seven COVID-19 ICUs activated in the hospital, which
was re-shaped for the emergency.5
PDT (Ciaglia, Percutwist and Griggs technique) was performed in adult patients who had prolonged mechanical
ventilation (> 8 days), favorable anatomy (i.e., BMI less
than 35, absence of evident deformities, etc.) and no

severe hypercapnia (more than 60 mmHg). The speciﬁc technique was chosen according to operators’ preference and
availability of the devices (the pandemic rapidly depleted
tracheostomy set stocks and we were not able to use the
same technique on all patients).

Modiﬁed PDT technique
Five out of seven COVID-19 ICUs performed PDT with the
new approach described in this manuscript. The team was
composed of two intensivists (one acted as bronchoscopist
and the other was the operator), and two nurses. All the
operators involved in the procedure wore a single-use cap,
water-repellent coat or overalls, N100/FFP3 mask, goggles,
protective visor, and gloves before entering the patient
room. Before the procedure, a second sterile gown and a
second pair of gloves were worn.
Before ﬁberscope insertion, the patient was deeply
sedated with both propofol and remifentanil. Rocuronium
or cisatracurium were administered to prevent cough and to
obtain deep neuromuscular blocking. The patient was ventilated with 100% oxygen through the orotracheal tube. A
ﬁberscope was connected to an external video unit so that
the bronchoscopist could stay as far as possible from the
patient’s mouth. The ﬁberscope was inserted in the tracheal tube through a catheter mount with a ﬂip-top cap
to guarantee the sealing of the circuit. The tracheal tube
was then retracted until the ﬁrst tracheal ring was visualized. This phase needed the cuff of the tracheal tube
to be deﬂated; ventilation was temporarily suspended. A
guidewire was inserted by puncturing between the second
and the third tracheal ring as in the usual practice. While the
established standard procedure continues with the creation
of the stoma by dilation without any change in mechanical
ventilation setting parameters, we retracted the bronchoscope until immediately after the ﬂip top cap in the catheter
mount, allowing normal ventilation because the internal caliber of the airway was not reduced by the ﬁberscope (Fig. 1).
After 3 minutes of ventilation with 100% oxygen, with the
same positive end expiratory pressure by which the patient
was ventilated, mechanical ventilation was stopped without disconnecting the circuit. During apnea, we performed
the ﬁrst dilation with 14Fr dilator then we created the
stoma by dilating the trachea according to the chosen technique (Ciaglia, Griggs or Percutwist), and the tracheostomy
cannula was placed. Correct positioning was conﬁrmed by
ﬁberoptic control. Ventilation was resumed immediately
after conﬁrmation of correct cannula positioning.
We collected data concerning the rate of severe hypoxic
events during the PDT procedure (deﬁned as any peripheral oxygen saturation (SpO2) less than 90%6 ), timing of
tracheostomy from tracheal intubation, length of ICU and
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Figure 1 Position of ﬁberscope (a) during modiﬁed percutaneous tracheostomy procedure, and (b) during ventilation before
apneic stoma formation.
Table 1 Demographics, complications, survival, and length
of stay of 22 mechanically-ventilated patients for COVID-19
ARDS.

hospital stay, need for admission in rehab wards, and respective length of stay, deaths, and time to tracheostomy tube
removal.
After the rapid reduction of COVID-19 ARDS prevalence
in Italy7 and the closure of all our COVID-19 dedicated
ICUs, all personnel was evaluated by serological testing
(Immunoglobulin G for Sars-Cov 2, Liason XL instrument,
DiaSorin, Varese, Italy). The number of positive serologytests among healthcare providers was collected. Data were
electronically collected and analyzed by Microsoft Excel® .
Results are shown as n(%) for proportions, and median
(interquartile) for continuous variable.

Results
We admitted 96 COVID-19 patients with ARDS requiring
mechanical ventilation in the ICUs and 36/96 (37%) tracheostomies were performed (ﬁrst tracheostomy on March
1st and the last one on May 4th , 2020). A surgical technique
was used in 14/36 (39%) patients; the modiﬁed PDT technique ﬁrst described in this manuscript was used in 22/36
(61%) patients, and these were included in the analysis.
Most patients received the Ciaglia’s PDT (15/22, 68%), while
Griggs’s PDT was used in 6/22 patients (27%) and Percutwist
in 1 patient (5%).
Amongst PDT patients, mean age was 67 (59---71) and
17/22 (77%) patients were male. PDT was performed after a
median (interquartile) of 14 (10---17) days from tracheal intubation (Table 1). No severe hypoxic events were observed.
Concerning the duration of acute hospital admission, the
length of ICU stay was 26.5 (20---43) days; the length of hospital stay was 52 (35---73) days. Hospital mortality was 10/22
(46%). Nine patients died in ICU and one in the ward.
From the 12 survivors, tracheostomy tubes were removed
41 (27---46) days after PDT. One patient was directly discharged at home after the acute hospital stay. Eleven

Parameter

Values

Age, years
Male sex
Hospital mortality
Days from tracheal intubation to PDT
Severe desaturation event
LOS in ICU, days
LOS in hospital, days
LOS in rehabilitation, days
Tracheostomy tube removal time, days

67 (59---71)
17 (77%)
10 (46%)
14 (10---17)
0 (0%)
27 (20---43)
52 (35---73)
18 (11---30)
41 (27---46)

ARDS, acute respiratory distress syndrome; PDT, Percutaneous
dilation tracheostomy; LOS, Length of Stay; ICU, Intensive Care
Unit.

patients were transferred to the rehabilitation ward and ten
of them were discharged after 18 (11---30) days of rehabilitation. The ﬂow chart with patients’ ﬂow and outcome is
shown in Figure 2.
After the closure of all the COVID-19 intensive care units,
150 healthcare providers underwent serological testing and
9 (6%) were found positive. All the 23 resident doctors were
negative, while 7/98 (7%) nurses and 2/29 (7%) physicians
were positive. Thereafter, we retrospectively investigated
if positive-tested healthcare providers had been involved in
PDTs and found that no positive nurses or physicians had
participated to PDT. Notably, one of the physicians had a positive swab in the early phase of epidemic, and the other one
had the partner as a probable source of contagion. Among
the nurses: one lived in the area of Bergamo (where an
extremely high number of cases was registered), one had
a relative as probable source of contagion, three had posi191
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Figure 2 Flow chart and outcome of included patients. ARDS, acute respiratory distress syndrome; ICU, intensive care unit; PDT,
percutaneous dilation tracheostomy. Sum of percentages may not be 100% because of rounding.

tive swabs several weeks before starting to work in the ICUs
and two were fully asymptomatic.

Discussion
We described a modiﬁed technique for PDT which can be
used in patients with Sars-Cov-2 or in other future respiratory pandemics. The technique was feasible, easy to
perform, and we observed no severe hypoxia events among
22 consecutive patients. Brieﬂy, after 3 minutes of pure
oxygen ventilation and with the same positive end expiratory pressure already in use, stoma creation was performed
during apnea, without disconnecting the patient from the
ventilator. We also observed that none of the healthcare
providers involved in the procedure developed a positive
serology testing and we were able to identify a different
and plausible chain of contagion in most of the positive
healthcare providers working in the ICU during the pandemic
event.
Despite the lack of data about superiority of surgical
tracheotomies in terms of complications or safety for healthcare providers, this technique was generally favored over
PDT during the SARS outbreaks,8---10 since PDT was considered
at risk of aerosolization.
Recent guidelines for tracheotomy in COVID-19 pandemic
refer mainly to surgical procedures11,12 and the Canadian
society of otolaryngology, head & neck surgery even recommended to avoid tracheostomy in COVID-19 patient.12
Surgical tracheostomy is normally performed with initial advancement of the endotracheal tube, ensuring that
the cuff is distal to the tracheotomy incision to prevent
air ﬂow through the stoma. Tracheal incision is performed,
and ventilation is interrupted only before insertion of the
tracheotomy tube. Early inﬂation of the cuff is advised to

ensure seal against the tracheal wall and, after conﬁrmation
of positioning, the orotracheal tube is removed. According
to recommendations,11,12 this technique has the advantage
of minimizing the possibility of air leak and therefore the
risk of aerosolization. However, it also has disadvantages:
ﬁrst of all, it requires transporting the patient to the operating theatre; sometimes a larger stoma is created, with the
risk of air leakage (if the cuff of the tracheostomy tube is
not sealing) also after tracheostomy; and it has a higher incidence of bleeding and stoma infections when compared to
the percutaneous technique.1,10
Brendan et al., on the other hand, suggested a multidisciplinary approach in Sars-Cov-2-positive patients13 and
the execution of the procedure where the team has more
experience and conﬁdence.
In addition, the optimal timing of tracheostomy is not
well-deﬁned yet.14 In Sars-Cov-2 positive patients, the same
uncertainty exists, but an early tracheostomy could add an
even higher infectious risk for healthcare providers. Considering the viral load, it seems that mouth and nose swabs
become negative before the virus disappears in the lower
respiratory secretions,15 putting the healthcare professionals at risk during tracheostomy procedures even if the swab
is negative.
Moreover, the development of speciﬁc antibodies is usually detectable 12 days after symptoms onset.16 For this
reason, tracheostomy should be performed ≥ 14 days after
intubation according to Takhar et al.,12 or ≥ 10 days following the suggestions of Brendan et al.13
The second issue against early tracheostomy is futility.
The average time to death in ICU mechanically-ventilated
COVID-19 patients was around 5 days in Wuhan,17 7 days in
Lombardy-Italy18 and 6 days in the UK.19 Therefore, performing tracheostomy too early could be a futile maneuver.
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Our study has limitations and, as all observational studies, causality cannot be inferred. We evaluated the safety
of the described sequence only in relation to severe desaturation, which is the most expected event associated with
apnea, while we did not record mean arterial saturation during the procedure. We also did not collect other
complications rate (i.e., infections, bleeding, and hypotension). We assessed the serology of healthcare professionals
only after the ICUs closure. However, positive swab results
can occur despite subsequently negative serology and therefore, we cannot exclude that asymptomatic healthcare
professionals could have had a positive swab without developing antibodies.
We performed tracheostomy after 14 days of mechanical
ventilation and did not control swab results in patients at
the time of tracheostomy, so we cannot exclude that, at the
moment of PDT, the patient was already negative. Moreover,
operators of PDT adopted maximal barrier precautions, so
we cannot evaluate if absence of transmission of COVID-19
is related to barrier precautions or to the described new
sequence. We did not collect rate of infections in surgical tracheostomy operators, so we cannot compare result
to percutaneous tracheostomy. Overall, the sample size is
small, and our results come from a single center, thereafter
generalizability is overall low.

Conclusions
We described a modiﬁed and safe sequence of percutaneous
tracheostomy that, together with the correct use of PPEs,
was associated with no virus transmission to any of the
involved healthcare workers. Further studies are warranted,
but we provide data that could be useful in current or future
viral respiratory pandemics.
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