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Protective Strategies in a Simulated Model When
Performing Percutaneous Tracheostomies in the
COVID-19 Era

To the Editor:

Percutaneous dilatational tracheostomy (PDT) is a high-risk
procedure in patients with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) because of aerosol generated by the
procedure (1). Decisions to perform a PDT in critically ill
SARS-CoV-2 patients should not be taken lightly, balancing the risks
and burdens to both patients and healthcare providers.When a PDT is
necessary, multiple precautions should be considered, including
personal protection equipment (PPE) before, during, and after the
procedure as well as place, technique, and capacitated personnel (2–5).
We aimed to compare four PDT techniques to assess aerosol spillage
before and after the procedure.

We utilized a simulated setting to test these techniques, which
included an airway mannequin (AirSim Advance X; TruCorp), a
ventilator (Dräger Evita XL; Drägerwerk AG), a PDT (Ciaglia Blue
Rhino G2; Cook Medical), standard PPE, and a glow substance
(fluorescent dye consisting of GlowGerm and tonic water). We
assessed the pre- and postprocedural aerosol spillage in every single
procedure using this mixture. Aerosolization was simulated by
connecting an 8 L/min flow oxygen humidifier with 2 ml of
GlowGerm and 8 ml of tonic water to the main bronchus end of the
mannequin. We performed a conventional PDT technique, a
conventional PDT technique with intermittent expiratory
ventilator pause (IEVP), and a modified PDT technique with and
without a customized acrylic box (see Video E1 in the online
supplement). In the modified PDT technique developed by Angel
and colleagues, the bronchoscope is passed along the side of the
endotracheal tube (ETT) and under direct bronchoscopic guidance;
the ETT is then advanced to the distal trachea, allowing the patient
to be ventilated until the creation of a stoma. Afterward, the ETT is
pulled back to the conus elasticus while the ventilation is on hold,

and then the tracheostomy tube is advanced into the airway under
direct bronchoscopic guidance (6). The acrylic box was customized
to allow the bronchoscopist and the proceduralist to perform the
procedure in a comfortable manner while having an additional PPE
barrier. The anterior face of the box was designed for the
bronchoscopist’s hands and scope, whereas the lateral face of the box
was designed with two orifices for the proceduralist’s hands (Figure
1). Each technique was previously tested two times by the same
experienced bronchoscopist and proceduralist with the same
simulated model before testing them with the glow substance. To
create a baseline, we recorded the operator’s face, chest, and hands
(dorsal and palmar), the mannequin’s head and neck, and PDT
equipment before and after using a 395 nm ultraviolet light–emitting
lantern (Figure 2). Postprocedural spillage was qualitatively recorded
and compared after each procedure. Total procedural and expiratory
ventilatory pause times were also recorded.

We found that considerable contamination was noticeable after
the conventional PDT technique, including on the operator’s hands
and chest as well as on the mannequin’s mouth, neck, and adjacent
surgical drapes, as compared with all other techniques with IEVP
(Figure 3). The modified PDT technique with the customized acrylic
box showed a few minuscule glowing particles at the top of the box.
Total procedural time for the standard technique, standard technique
with IEVP, modified technique, and the modified technique using
the acrylic box were 167, 171, 198, and 206 seconds, respectively.
Expiratory ventilatory pause times for the standard technique with
IEVP, the modified technique, and the modified technique with the
acrylic box were 100, 71, and 78 seconds, respectively.

Our results show that an IEVP (when the circuit is opened)
reduces the amount of airway spillage and subsequent
contamination. In addition, use of themodified technique decreases
the duration of the expiratory ventilator, which may be clinically
significant in patients with severe hypoxemia. However, we
admit that the modified technique could potentially encounter
technical difficulties, especially when inserting the dilator
concomitantly with the ETT. Although the bronchoscopic view
clearly reflects a lack of space while inserting the dilator, this has not
been an issue in real clinical scenarios when this technique has been
recently published (6). Finally, we showed that a customized
aerosol box can be used when performing a PDT on a mannequin
and may represent an additional protection to the operator from
unperceivable particles expelled during the procedure.
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Figure 1. (A) Box specifications: 21.65 in (55 cm) width319.7 in (50 cm) length319.7 in (50 cm) height. Frontal face: two ports of 4.7 in (12 cm) in diameter
and a port for bronchoscope of 1.2 in (3 cm) in diameter. Lateral face: one port of 4.7 in (12 cm) in diameter and 8.7 in (22 cm) length3 4.7 in (12 cm) height
elliptical opening for proceduralist. Ventilation circuit port: 7.9 in (20 cm) length33.9 in (10 cm) height. (B) Acrylic box during simulation.
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Figure 2. (A) Simulated setting with mannequin, percutaneous dilatational tracheostomy tools, and ventilator. (B) Customized acrylic box. (C and D)
Percutaneous dilatational tracheostomy tools and mannequin under ultraviolet light. (E ) Baseline operator’s face, chest, and hands under ultraviolet light.
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Although our model might simulate a real setting, our
aerosolization method could not identify very small quantities of
particles that could be infectious in a real clinical setting. However,
our study suggests that PDT in patients infected with SARS-CoV-2
should be performed with IEVP. The use of a modified technique
and acrylic box may have some clinical advantages, but additional
clinical studies are needed to confirm.
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Figure 3. (A and B) Conventional percutaneous dilatational tracheostomy (PDT) postprocedural contamination. (C and D) Conventional PDT with
intermittent expiratory ventilator pause postprocedural contamination. (E and F) Modified PDT technique without acrylic box postprocedural contamination.
(G and H) Modified PDT technique with acrylic box postprocedural contamination.
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