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Percutaneous Tracheostomy With Apnea 
During Coronavirus Disease 2019 Era:  
A Protocol and Brief Report of Cases
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Objective: To assess feasibility of modified protocol during percuta-
neous tracheostomy in coronavirus disease 2019 pandemic era.
Design: A retrospective review of cohort who underwent percutane-
ous tracheostomy with modified protocol.
Settings: Medical, surgical, and neurologic ICUs.
Subjects: Patients admitted in medical, surgical, and neurologic units 
with prolonged need of mechanical ventilation or inability to liberate 
from the ventilator.
Interventions: A detailed protocol was written. Steps were defined 
to be performed before apnea and during apnea. A feasibility study 
of 28 patients was conducted. The key aerosol-generating portions 
of the procedure were performed with the ventilator switched to 
standby mode with the patient apneic.
Measurements and Main Results: Data including patient demographics, 
primary diagnosis, age, body mass index, and duration of apnea time 
during the tracheostomy were collected. Average ventilator standby time 
(apnea) during the procedure was 238 seconds (3.96 min) with range 
149 seconds (2.48 min) to 340 seconds (5.66 min). Single-use (dis-
posable) bronchoscopes (Ambu A/S [Ballerup, Denmark] or Glidescope 
[Verathon, Inc., Bothell, WA]) were used during all procedures except in 
nine. No desaturation events occurred during any procedure.
Conclusions: Percutaneous tracheostomy performed with apnea pro-
tocol may help minimize aerosolization, reducing risk of exposure of 
coronavirus disease 2019 to staff. It can be safely performed with 
portable bronchoscopes to limit staff and minimize the surfaces 
requiring disinfection post procedure.
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The rapid spread of coronavirus disease 2019 (COVID-19) 
between December 2019 and April 2020 has left a num-
ber of unanswered questions. A total of 187 countries 

have now reported approximately 3.5 million cases, with 250,000 
deaths across the world (1). Ten percent to 20% of patients with 
confirmed COVID-19 require critical care with 5–15% of patients 
requiring mechanical ventilation (2, 3). As cases continue to rise, 
so will the number of tracheostomies performed. The safety of 
aerosol-generating procedures (AGPs) including tracheostomy 
is of concern due to lack of experimental data. Multiple societies 
have recommended testing to confirm lack of active disease, use of 
enhanced personal protective equipment (PPE), limitation of staff, 
and meticulous planning of steps during tracheostomy placement 
to limit the procedure time (4, 5). It has been suggested to hold 
ventilation during the tracheostomy procedure to minimize the 
risk of virus aerosolization and droplet exposure to staff (6, 7). 
However, details of how and when apnea should be managed have 
not been described. In addition, no further data on apnea time 
and intraprocedural problems with these protocols have been 
reported.

OBJECTIVE
Our goal is to describe a detailed stepwise approach to perform a 
percutaneous tracheostomy utilizing apnea to limit the risk of viral 
aerosolization. Through this feasibility study, we intend to describe 
our experience with the newly developed apnea protocol for percu-
taneous tracheostomy placement and demonstrate its safety.

METHODS
This protocol was implemented at two different hospitals within 
Emory healthcare system between March 15, 2020, and May 
15, 2020. Both of them are major teaching hospitals in Atlanta, 
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Georgia. Retrospective review of patient charts who underwent 
percutaneous tracheostomy under modified protocol was per-
formed. Local institutional review board (IRB) reviewed and 
approved (IRB#00046825) this retrospective review. The protocol 
was designed to minimize the number of staff involved, the proce-
dure time, and the length of time that viral droplets could be aero-
solized. The detailed procedure protocol is included in Appendix 1  
(Supplemental Digital Content 1, http://links.lww.com/CCX/
A193) and includes 20 steps.

A brief summary of the most important steps is as follows. 
Preparation of kit, sedation, and neuromuscular blockade fol-
lowed by positioning of the patient can be performed with limited 
staff inside the patient’s room. Single-use (disposable) broncho-
scopes (either a Scope 4 Broncho Regular endoscope with Ambu 
a-View [Ambu A/S, Ballerup, Denmark] or Bflex Glidescope with 
Glidescope Core [Verathon Inc., Bothell, WA]) are used to avoid 
the need for endoscopy staff. As these disposable scopes could be 
used with a single tablet-sized screen and stand, this minimized 
surfaces that required disinfection post procedure. Next, the pro-
ceduralist prepares a sterile neck field, administers local anes-
thetic, and makes the skin incision. The ventilator is now placed 
on standby mode (patient apnea) before opening the ventilator 
circuit. Once the bronchoscope is inserted and endotracheal tube 
(ETT) repositioned, the remainder of the tracheostomy procedure 
is performed while the patient is apneic. Once the tracheostomy 
tube is placed, ventilation is not resumed until the circuit is con-
nected to the tracheostomy tube and the cuff is inflated.

In some cases, if apnea time is prolonged due to suctioning 
for visibility or in case of desaturation, the bronchoscope can be 
removed, ETT repositioned, and ETT cuff reinflated before resum-
ing ventilation. This will allow for reoxygenation before complet-
ing the procedure and help avoid prolonged apnea. Summary of 
helpful tips to consider is included in Table 1. Refer to Appendix 1  
(Supplemental Digital Content 1, http://links.lww.com/CCX/
A193) for more troubleshooting details.

Once protocol was written, it was performed on 28 consecu-
tive patients undergoing percutaneous tracheostomy. This proto-
col was not used for patients undergoing tracheostomy who were 
felt not to be able to tolerate periods of apnea such as patients 
with existing external ventricular drain, increased intracranial 

pressure, and/or hemodynamic instability. Preprocedural briefing 
and planning were performed before all tracheostomy procedures 
to determine the role of each personnel. Plans for the apnea pro-
tocol were discussed with the primary team to address any related 
concerns.

Review of charts was performed to determine age, sex, body 
mass index (BMI), comorbidities, primary diagnosis, and days on 
ventilator before tracheostomy. Possible complications were pre-
defined as acute bleeding, desaturation events during procedure 
(predefined as >10% from baseline), ring fracture, tracheostomy 
tube malposition, and pneumothorax and were monitored.

RESULTS
We report details of 28 cases of percutaneous tracheotomy per-
formed following the above apnea protocol. Eleven patients were 
in a neurologic ICU, three in surgical ICU, and 14 in medical ICU. 
All patients were hospitalized with respiratory failure during the 
COVID-19 pandemic. Eleven patients had unknown COVID-19 
status before the procedure and seven tested negative for COVID-
19. Ten patients (seven male, three female) were confirmed to 
have a primary diagnosis of COVID-19–related acute respiratory 
distress syndrome. The average age was 56 years old. Nineteen 
were male, and nine were female. The average BMI was 30. The 
average number of ventilator days before tracheostomy was 16 
days. All patients had ETT of 7.5 mm or larger at the time of pro-
cedure. Average positive end-expiratory pressure (PEEP) was 7, 
and Fio2 was 0.4. Two patients were on venovenous extracorporeal 
membrane oxygenation at the time of the tracheostomy. All staff 
present during all procedures used full PPE with N95, goggles or 
face shield, full body gown with hat, and gloves.

Average ventilator standby time (apnea) during the procedure 
was 238 seconds (3.96 min) with range 149 seconds (2.48 min) 
to 340 seconds (5.66 min). Disposable bronchoscopes (Ambu or 
Glidescope) were used during all procedures except, in nine cases, 
a reusable flexible diagnostic bronchoscope (Olympus BF-P190 
[Olympus Corporation of the Americas, Center Valley, PA]) was 
used due to lack of availability of disposable scope. All tracheos-
tomy tubes were positioned either in first-second or second-third 
tracheal rings.

TABLE 1. Tips to Consider During Percutaneous Tracheostomy With Apnea Protocol

Plan ahead • � Proper personal protective equipment (N95, goggles, face shield, hat, full body gown, double gloving)

• � Prepare a resource bag (extra tracheostomy tube, spare ETT, bronchoscope adapter etc)

•  Preprocedural huddle

• � Designate a team member as “runner” outside of room

• � Speaker phone inside room to communicate

• � Designate roles: bronchoscopist, proceduralist

Desaturation/hemodynamic 
instability during apnea

• � Reposition ETT to mid-trachea, reinflate ETT cuff, remove bronchoscope, closed circuit, and resume ventilation

Secretions in ETT • � Try to push secretions into lower airways if possible rather than suctioning

• � If necessary to remove bronchoscope to clear or wipe secretions, perform under apnea

ETT = endotracheal tube.
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Amount of secretions in the ETT and the need of suctioning 
for visibility were the main contributing factors to longer time 
for tracheostomy placement. All patients had baseline saturation 
of greater than 95% on PEEP less than 10 and Fio2 less than 0.5 
before preoxygenation and positioning. The tracheostomy was 
performed bedside in the ICU with either three or four people 
inside the room. No desaturation more than 10% from baseline 
was noted during the period of apnea in any patients except in one 
neurologic ICU patient (at 4 minutes of apnea), where transient 
drop in saturations from 100% to 78% occurred after placement 
of tracheostomy tube with immediate recovery within a few sec-
onds once ventilation was restarted. No hemodynamic instability 
occurred in any patients during apnea. Similarly, no complications 
(acute bleeding, pneumothorax, ring fracture, or tracheostomy 
tube malposition) occurred. One occurrence of circuit disconnect 
(connection of tracheostomy tube and ventilator circuit) outside 
of the apnea period occurred during suture placement.

DISCUSSION
In this brief feasibility study, we have described a modified per-
cutaneous tracheostomy placement protocol designed to: 1) limit 
staff; 2) minimize droplet exposure; and 3) optimize procedural 
time. In addition, we have demonstrated its safety in both COVID-
19–positive and COVID-19 unknown patients.

During the severe acute respiratory syndrome outbreak, it was 
suggested that dedicating team members to perform certain proce-
dures improved outcomes (7). Similarly, preprocedural safety checks 
and apnea during procedure have been recommended previously by 
some societies and guidelines (5, 6, 8). In our knowledge, this is a 
first study to describe detail steps and safety data on actual patients.

We have demonstrated that the percutaneous tracheostomy 
procedure can be done with three to four staff members in the 
room: a proceduralist, a bronchoscopist, and an ICU nurse. 
Fourth person to manage sedation may be helpful but is not nec-
essary. Use of a disposable bronchoscope minimizes the amount 
of staff needed to support the procedure. A typical flexible bron-
choscope requires endoscopy staff participation and uses a large 
procedure cart with transport of dirty bronchoscopes through the 
hospital. The use of a disposable scope can be done without sup-
port staff and without a procedure cart. This minimizes both the 
staff exposed and the surfaces needed to be disinfected post pro-
cedure. Limiting the number of staff for the procedure has signifi-
cant implications on the use of critical PPE as well.

AGP such as intubation, bronchoscopy, tracheostomy, or dis-
connection of ventilator circuit including cuff deflation risks 
exposure of staff to the active virus (9–11). We modified the pro-
cedure for placement of a percutaneous tracheostomy by follow-
ing a protocol that allows for the ventilator to be placed on standby 
during the steps with highest risk for aerosolization. Keeping the 
ventilator circuit closed at all times and opening only during peri-
ods of apnea provides the lowest risk of exposure to all staff in the 
room. This is of utmost importance in known COVID-19 patients. 
It is also important in patients with low suspicion or in COVID-19 
polymerase chain reaction test–negative patients as there may be 
asymptomatic carriers with false-negative tests (12).

In order to adequately determine risk of AGP to healthcare 
workers (HCWs) and describe the lower risk of this technique, 
measuring aerosol particles during these procedures, banking air 
samples, and analyzing them for presence of viral RNA would be 
necessary (13, 14). This will require collaboration among environ-
mental scientist, physicians, microbiologist, and hospital admin-
istration. This is an important future direction during COVID-19 
era to accurately study actual risk involved with AGPs. In the 
meantime, we can only extrapolate from previous studies that lim-
iting the open circuits that theoretically increase aerosol genera-
tion would mitigate the risk to HCW.

Procedural time was minimized by combining steps which are 
typically performed in sequence. Preparation of the kit outside of 
the ICU room minimizes the amount of time staff is in the isola-
tion room. All steps of the procedure up to the insertion of the nee-
dle into the airway are performed before the bronchoscope being 
inserted into the airway. The bronchoscope with adapter and ETT 
are repositioned simultaneously. With our procedural modifica-
tions, the average apnea time for this protocol was 3.96 minutes. 
No desaturation events during the procedure were noted, except 
one transient desaturation event with immediate recovery. We 
suggest that the average patient undergoing tracheostomy should 
be able to tolerate approximately 5 minutes of apnea. Indeed, we 
have demonstrated safety in all patients who underwent tracheos-
tomy under this protocol.

There are some limitations in terms of who is a candidate for this 
modified percutaneous tracheostomy protocol. Although we report 
that this protocol is feasible to perform in critically ill ICU patients, 
it may not be possible to implement this protocol for every patient. 
In patients with low lung reserve or exceptional high PEEP specifi-
cally in some COVID-19 patients, apnea may not be as well toler-
ated. Patients with elevated intracranial pressure may be excluded 
given risk of hypercapnia with prolonged apnea. This protocol may 
need modification for site-specific limitations, such as availability 
of equipment, staff, PPE, or other resources. Disposable broncho-
scopes may not be readily available; hence, a dedicated broncho-
scope cart may be used. However, in our experience, the use of 
bronchoscopy cart during COVID-19 era adds significant amount 
of time and resource for meticulous surface cleaning compared with 
a small screen and stand of a disposable bronchoscope.

Steps of identifying appropriate landmarks, skin incision/dis-
section, and precise insertion of the needle followed by placement 
of tracheostomy tube become extremely important to limit apnea 
time. Hence, these steps may be ideal only for the most experi-
enced operator. Inexperienced operators or patients with difficult 
anatomy may lead to an unsafe prolongation of apnea time. Close 
attention must be paid at all times to not accidentally open the 
ventilator circuit especially during placement of tracheostomy 
collar or suture placement. In all cases, we recommend preoxy-
genation with 100% Fio2 before apnea. During the procedure, we 
recommend dedicating a team member (bronchoscopist or ICU 
nurse) to monitor hemodynamic parameters, including heart rate, 
blood pressure, and oxygen saturation. Overall, albeit small sam-
ple size, due to diverse nature of patients in our cohort (medical 
ICU, surigcal ICU, neurologic ICU), this protocol can be applied 
to various patients. With meticulous planning, troubleshooting, 
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and team work, it could be performed safely in most of the criti-
cally ill patients.

In our opinion, there is a lack of data over timing and indica-
tions of tracheostomy in COVID-19 patients. This discussion is 
beyond the scope of this procedural technique–based article. It is, 
however, informative to describe our process for arriving at the 
decision to proceed with tracheostomy. There are currently rec-
ommendations from multiple societies that tracheostomy should 
not be done early (4–6) on COVID-19–positive patients. This is 
supported by recent U.S.-based data of 2,634 patients, average 
time for an outcome either discharge or death was approximately 
4–5 days. In the same study, among 20% of 5,700 patients who 
required mechanical ventilation, 24% died, 3% were discharged 
alive, and 72% were still in hospital (3). Hence, how many of these 
patients will need tracheostomy is unclear.

We have based the criteria to safely proceed with tracheostomy 
on COVID-19–positive patients similar to criteria we have followed 
in non-COVID patients. Ventilatory support is one such factor. 
There is a wide variability in what is considered to be an accept-
able level of Fio2 and PEEP to be able to perform tracheostomy in a 
safe and low-risk manner (15–17). It has been our general practice 
to consider patients with PEEP greater than 10 or Fio2 greater than 
60% to be at high risk for complications with tracheostomy. We have 
applied the same “cut-offs” to COVID-19–positive patients. In addi-
tion to being a high complication rate, patients requiring ventilatory 
support more than PEEP 10 and Fio2 60%, may be at high risk for 
poor long-term outcomes and therefore the decision to proceed with 
tracheostomy should be discussed in detail. This is especially true 
for the COVID-19–positive patients. We have found it helpful to 
have formed a multidisciplinary COVID-19 tracheostomy adjudi-
cation group (including intensivists; interventional pulmonologists; 
cardiothoracic surgeons; ears, nose and throat physicians; infectious 
disease specialists; anesthesiologists; and palliative care) who have 
varying degree of experience with COVID-19–positive patients and 
can provide guidance and recommendations about proceeding with 
tracheostomy if there is difference in opinion between clinicians. 
Ultimately, the indication and timing of tracheostomy in this cohort 
should be based on clinician’s judgment, individual patient profile, 
resources available, and hospital protocol.

CONCLUSIONS
We report on 28 patients who underwent a modification to the 
percutaneous tracheostomy during the COVID-19 outbreak. This 
modified procedure can be safely performed with 3–4 HCWs in 
the room with minimal equipment and with the ventilator on 
standby mode. By performing the procedure with a disposable 
bronchoscope and during a period of apnea, we have limited the 
staff exposed, optimized procedure time, and may have mini-
mized aerosolization of the virus. Although it is not clear when 
the peak of the virus will affect the world, it is safe to conclude that 
there will be thousands if not millions more patients affected who 
will require prolonged mechanical ventilation. We hope that this 
protocol can provide a guideline for performing a percutaneous 
tracheostomy as safely as possible to minimize spread of the virus 
and maximize healthcare worker safety.
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