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B oth conventional and modified tracheostomy
techniques proposed for patients with COVID-

19 (coronavirus disease 2019) entail a variable num-
ber of apnea periods1–4; however, the duration and
effects on patients and health care workers have been
poorly described. Here, we performed an analysis of
consecutive percutaneous dilatational tracheostomies
(PDTs) performed in 2 hospitals’ intensive care units
(ICUs). We collected data from clinical records from
March 25, 2020, to January 15, 2021.

The adopted PDT technique differed from the
standard bronchoscopy-guided Ciaglia’s Blue-Rhino
technique5 in pausing mechanical ventilation during
key steps and avoiding leaks. Both ICUs perform
procedures within negative pressure rooms, and only
3 operators (2 surgeons, 1 intensivist) were present in
the room. Should assistance be needed, an ICU
nurse was available to enter the room. Personal
protective equipment consisted of hair cover, surgi-
cal gown and boots, double gloves, goggles, and
filtering facepiece N95 respirators. Patients were in a
supine position under sedation, analgesia, and
muscle paralysis; the intensivist was placed at the
head of the bed for bronchoscopic guidance, to
medicate the patient and monitor the clinical

condition; the procedure could be suspended or
exchanged for an open tracheostomy without the
use of apnea. Ventilator parameters were adjusted to
meet at least two third of the baseline minute ven-
tilation during the entire procedure in the pressure-
controlled mode. Fraction of inspired oxygen (FiO2)
was set to 1.0 at 5 minutes before the PDT. During
the first apnea period, we placed a disposable
bronchoscope with a swivel connector, avoiding
aspiration at any time. The ventilator was then
turned on, and the endotracheal tube (ETT) was
pulled back until the cuff had been placed in the
subglottic space. Meanwhile, a 1.5 to 2.0 cm neck
skin incision was made. To prevent aerosol output, a
syringe with saline was used for tracheal needle
puncture, and the needle was covered with gauze
while the wire guide was inserted. A second apnea
was performed at that point for passing the single
dilator and the tracheostomy tube, and the stoma
was covered with gauze during both maneuvers. The
ETT was removed, the tracheostomy tube cuff was
inflated, and the mechanical ventilator was recon-
nected and turned on. Finally, the tracheostomy was
secured to the neck with ties and sutures.

Continuous variables are reported as mean±
SD and dichotomous variables are reported as
absolute and relative numbers. One-way repeated-
measures analysis of variance was performed to
identify differences between oxygen saturation
(SpO2)% means before (prior preoxygenation),
during, and (5min) after PDT. The pairwise esti-
mated marginal means were compared by adjust-
ing with the Bonferroni method. A P-value < 0.05
was considered statistically significant. The institu-
tional review boards approved this report, waiving
the need for informed consent.

Of 580 ICU patients, 76 required tracheostomy.
The patients’ characteristics and ventilator parame-
ters before PDT are shown in Table 1. The time from
intubation to PDT was 20.2±6.2 days. NoDOI: 10.1097/LBR.0000000000000817
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procedure was suspended or converted to open tra-
cheostomy due to intolerance to apnea. PDT dura-
tion was 10.6±3.4 minutes. The apnea periods lasted
12.5±6.2 and 44.9±18.3 seconds. The lowest
SpO2% values before, during, and after PDT was
92.6±2.6, 86.3±5.1, and 96.2±3.5, and the most
significant decrease occurred during the second apnea
(P<0.0001) (Fig. 1). Two patients required a third
apnea (14 and 16 s) to explore the airway through the
tracheostomy because of suspicion of bleeding, which
was subsequently ruled out endoscopically. Other
complications were ETT decannulation in 1 patient
(which was addressed by pushing forward the ETT
over the bronchoscope) and rising blood pressure in
another (which normalized soon after ventilation was
started). No operator resulted positive (6 of 6 reverse
transcription-polymerase chain reaction tested)
2 weeks after the last PDT or had any symptoms of
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection. Vaccination was available
at our sites after the last PDT.

Recommendations for tracheostomy and
proposals for modified techniques during this
COVID-19 era use apnea periods to prevent
aerosolization.1–4 After the cycle of aerosol gen-
eration ceases with apnea, aerosols settle at the
alveolar level, decreasing their concentration
until becoming minor.6 With the airway system
open, small amounts of aerosols may enter the
surgical area from passive exhalation, owing to
the thoracic elastic recoil. In a recent simulated
PDT model study, Majid et al7 have shown that
aerosol spillage is lower when intermittent ven-
tilator pauses accompanied different techniques.

We used 2 apnea periods in all patients. The
relatively short first period may be skipped if
PDT is done with ultrasound guidance. The
second period lasted 45 seconds on average; and,
even though the most significant decrease in
SpO2 took place at this time, it proved to be safe
with no major repercussions. SpO2 decreases
> 20% were observed in a mixed population ser-
ies, including 10 patients with COVID-19,8 and a
series of 28 COVID-19 patients4 when the apnea
duration reached up to 4 minutes, with an aver-
age number of ventilator days before trache-
ostomy of 16 and 26 days, respectively. The
rising blood pressure could have been due to an
increase in partial pressure of carbon dioxide in 1
patient. We did not monitor end-tidal carbon
dioxide because of inaccurate readings while the
bronchoscope was used, although this measure-
ment may potentially be useful.

Time from intubation to PDT could be con-
sidered as delayed tracheostomy.9 Most patients had
come out of the critical phase of acute respiratory
failure, and we planned to perform PDT because of
ventilator dependence. Although some would dis-
agree, this time may pose the lowest risk of operator
exposure and provide significant patient benefit.
Lower FiO2 and positive end-expiratory pressure
requirements make these patients more apt to tol-
erate short periods of apnea. It would be of interest
to assess the impact of apnea in patients with higher
FiO2 and positive end-expiratory pressure or the
early ICU stay as well.

Unless urgent, bronchoscopy is not recom-
mended in COVID-19.10 We consider that its
prudent use made PDT fast and safe in this
patient series. Of concern is that even experienced
bronchoscopists during short-term procedures
can become infected, as shown in the early
Spanish COVID-19 experience11; but contrary to
this report, we did not perform aspiration or
sampling this series.

TABLE 1. Characteristics of Patients With COVID-19
Undergoing PDT

Variable N= 76 [n (%)]

Age (mean±SD) 56± 14
Male/female 55/21 (72/28)
SAPS-3 (mean±SD) 60± 8
SOFA score (mean±SD) 6.8± 2.4
Comorbidities
Obesity (body mass index ≥ 30) 33 (43)
Type 2 diabetes mellitus 25 (33)
Hypertension 19 (25)
End stage renal disease 4 (5)
Hypothyroidism 3 (4)
Puerperium 3 (4)
Chronic use of corticosteroids—other 3 (4)
HIV/AIDS 1 (1.3)

Underwent extubation attempt before PDT 37 (49)
Tracheal tube internal diameter
(mean±SD) (mm)

8.0± 0.3

Ventilator parameters before PDT
Mode

Pressure-controlled ventilation 33 (44)
Pressure support ventilation 25 (33)
Volume-controlled ventilation 14 (18)
Adaptive support ventilation 4 (5)

PEEP level (mean±SD) (cmH2O) 6.6± 1.7
FiO2 (mean±SD) 0.48 ± 0.13
PaO2/FiO2 (mean±SD) 224± 75
Respiratory rate (mean±SD) 21± 4
Ventilation (mean±SD) (L/min) 8.5 ± 1.9

AIDS indicates acquired immunodeficiency syndrome; COVID-19,
coronavirus disease 2019; FiO2, fraction of inspired oxygen; HIV, human
immunodeficiency virus; PDT, percutaneous dilatational tracheostomy;
PaO2, partial pressure of oxygen; PEEP, positive end-expiratory pressure;
SAPS-3, Simplified Acute Physiology Score 3; SOFA, Sequential Organ
Failure Assessment.
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Besides being descriptive, the possibility that
operators had acquired the disease without pre-
senting symptoms is another study’s limitation; in
this regard, serum antibody testing would also
have been useful. When we implemented the
PDT protocol, some unknowns and no prelim-
inary data regarding technical aspects and path-
ways were available; however, the body of
evidence of COVID-19 and tracheostomy has
changed substantially and will continue to do so.

Because most tracheostomy techniques pro-
posed to date have used induced apnea to avoid
aerosolization, this study offers clinically useful
data regarding the safety of applying this
maneuver in prolonged mechanically ventilated
patients. PDT using brief apnea periods appears
to be safe for both patients and operators without
causing serious adverse events.
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FIGURE 1. The estimated SpO2% marginal means and 95% confidence intervals before, during, and after tracheostomy.
Significant differences were observed among the marginal means, P<0.0001. SpO2 indicates oxygen saturation.
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