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Experience of percutaneous tracheostomy in critically 
ill COVID-19 patients

Background: Coronavirus disease 2019 (COVID-19) is a highly contagious disease that causes 
respiratory failure. Tracheostomy is an essential procedure in critically ill COVID-19 patients; 
however, it is an aerosol-generating technique and thus carries the risk of infection transmis-
sion. We report our experience with percutaneous tracheostomy and its safety in a real medi-
cal setting. 
Methods: During the COVID-19 outbreak, 13 critically ill patients were admitted to the in-
tensive care unit (ICU) at Daegu Catholic University Medical Center between February 24 and 
April 30, 2020. Seven of these patients underwent percutaneous tracheostomy using Ciaglia 
Blue Rhino. The medical environment, percutaneous tracheostomy method, and COVID-19 
reverse transcriptase-polymerase chain reaction (RT-PCR) results were retrospectively reviewed. 
After treatment, the COVID-19 infection status of healthcare personnel was investigated by 
RT-PCR.
Results: The ICU contained negative pressure cohort areas and isolation rooms, and health-
care personnel wore a powered air-purifying respirator system. We performed seven cases of 
percutaneous tracheostomy in the same way as in patients without COVID-19. Five patients 
(71.4%) tested positive for COVID-19 by RT-PCR at the time of tracheostomy. The median cy-
cle threshold value for the RNA-dependent RNA polymerase was 30.60 (interquartile range 
[IQR], 25.50–36.56) in the upper respiratory tract and 35.04 (IQR, 28.40–36.74) in the lower 
respiratory tract. All healthcare personnel tested negative for COVID-19 by RT-PCR.
Conclusions: Percutaneous tracheostomy was performed with conventional methods in the 
negative pressure cohort area. It was safe to perform percutaneous tracheostomy in an envi-
ronment of COVID-19 infection.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2) has spread rapidly around the world since it was first reported in Wu-

han, China in December 2019 [1]. People infected with SARS-CoV-2 display various clinical 

symptoms, ranging from asymptomatic to acute respiratory distress syndrome (ARDS). COV-

ID-19 is reported to cause ARDS in 15.6%–31% of cases [1-6]. SARS-CoV-2 seems to have a 

lower mortality than SARS and Middle East respiratory syndrome (MERS); however, its infec-
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tivity is very high [7].

 Tracheostomy is a common procedure in patients who re-

quire prolonged ventilation. It can facilitate weaning from a 

ventilator and improve availability in intensive care units 

(ICUs) [8]. However, tracheostomy is an aerosol-generating 

procedure and thus carries the risk of infecting healthcare 

personnel with SARS-CoV-2. There were several case reports 

of tracheostomy during the SARS [9-11] and MERS outbreaks 

[12], all of which were surgical tracheostomy. Surgical trache-

ostomies were generally favored over percutaneous tracheos-

tomies [8]. In SARS-CoV-2 infection, several guidelines have 

been published to reduce the risk of infection [8,13-15]. Due 

to the sudden increase in critically ill patients with SARS-CoV-2 

infection in South Korea, we created a temporary airborne in-

fection isolation area with negative pressure in our ICU envi-

ronment where percutaneous tracheostomy was performed. 

We report our experiences with percutaneous tracheostomy 

in a medical environment and factors related to infection of 

healthcare personnel.

MATERIALS AND METHODS

During the COVID-19 outbreak in South Korea, 133 COVID-19 

patients were admitted to Daegu Catholic University Medical 

Center between February 24 and April 30, 2020, of whom 13 

were admitted to the ICU. Ten of these 13 patients required 

ventilators, of whom seven underwent percutaneous trache-

ostomy. Patient basic clinical characteristics, the medical en-

vironment at the time of tracheostomy, ventilator-related set-

tings, the percutaneous tracheostomy method, and SARS-

CoV-2-related information were retrospectively reviewed. Af-

ter treatment, real-time reverse transcriptase-polymerase chain 

reaction (RT-PCR) was used to investigate whether healthcare 

personnel who had been working at the ICU were infected 

with SARS-CoV-2. 

 This study was reviewed and approved by the Institutional 

Review Board of Daegu Catholic University Medical Center 

(IRB No. CR-20-083). The requirement for informed consent 

was waived because of the retrospective study design.

Environments
After the first case of COVID-19 was confirmed on February 

18, 2020 in the Daegu region, the number of COVID-19 pa-

tients requiring intensive care began to increase. Like other 

hospitals in the same area [16], our hospital created a tempo-

rary airborne infection isolation area with negative pressure 

to care for critically ill patients with COVID-19. The unit con-

KEY MESSAGES 

■  It is safe to perform percutaneous tracheostomy in an 
environment where patients have coronavirus disease 
2019 (COVID-19).

■  The risk of infection transmission associated with tra-
cheostomy is thought to be reduced by use of personal 
protective equipment, a negative pressure environment, 
and in the presence of a low viral load.

sisted of nine beds; three beds were in negative pressure isola-

tion rooms with one anteroom, and six beds were in cohort 

areas that used a common space and a mobile negative air 

machine to create negative pressure. The entire unit was sealed 

by erecting a temporary wall to maintain proper negative pres-

sure, and all spaces were subjected to pressure monitoring 

(Figure 1). Medical personnel used the 3M Jupiter powered 

air-purifying respirator system (PAPR), a 3M Versaflo high du-

rability hood with integrated head suspension, eye protection, 

a fluid-repellent disposable surgical gown, a cap, boots, dou-

ble gloves, and an N95 mask (Figure 2). 

Procedures
This hospital has a protocol to perform a tracheostomy after 

about 14 days for patients who are on a ventilator. Percutane-

ous tracheostomy was performed at the bedside by an experi-

enced physician who has worked in the ICU for 4 years and 

has performed more than 100 such procedures. A sealed ven-

tilator circuit was used as the ventilator. A single-use dispos-

able flexible bronchoscope (Ambu aScope 3 Broncho Large 

5.8/2.8; Ballerup, Denmark) was employed. Ambu aView was 

used as the bronchoscopic monitor. One operator and one re-

spiratory specialist examining the bronchoscopy were in close 

proximity to the patient. One nurse assisted with the proce-

dure. The resident doctor also helped in some cases (Figure 

2). Tracheostomy was performed using the Blue Rhino single 

dilation technique [17] and Ciaglia Blue Rhino (Cook Critical 

Care, Bloomington, IN, USA).

 All patients received general intravascular anesthesia con-

sisting of dexmedetomidine, remifentanil, and midazolam. 

Neuromuscular blockade was achieved using cisatracurium, 

which was titrated to prevent spontaneous respiration, cough, 

and physical movement. All patients received volume-con-

trolled ventilation of the lungs with a fraction of inspired oxy-

gen (FiO2) of 100% during the procedure. The positive end-ex-

piratory pressure (PEEP), inspiratory pressure, respiratory 

rate, and inspiration:expiration ratio were maintained at the 



Kim EJ, et al. Percutaneous tracheostomy in COVID-19

https://www.accjournal.org 265Acute and Critical Care 2020 November 35(4):263-270

same levels as those used prior to the procedure. The patient 

was in the supine position and his/her neck was extended 

backward. The operator checked the blood vessels and struc-

tures on the patient’s anterior neck by ultrasonography and 

identified areas that were considered safe, usually the first two 

or three tracheal rings. Lidocaine was injected into the intend-

ed tracheostomy site and a skin incision of 2 cm or less was 

made. Pretracheal tissues were bluntly dissected using elec-

trocauterization to expose the pretracheal fascia. The bron-

choscope was placed in the endotracheal tube (ETT), drawn 

backwards from the ETT, and positioned above the intended 

puncture site. The trachea was punctured with a 14-gauge 

cannula-on-needle in a posterio-caudad direction. Tracheal 

entry of the needle was confirmed by aspiration of air into a 

Figure 2. A photograph of healthcare personnel performing percutaneous tracheostomy. Healthcare personnel wore a 3M Jupiter powered 
air-purifying respirator system, a 3M Versaflo high durability hood with integrated head suspension, eye protection, a fluid-repellent dis-
posable surgical gown, a cap, boots, double gloves, and an N95 mask.

Figure 1. Schematic view of the temporary negative pressure isolation intensive care unit. The unit consisted of nine beds; three beds were 
in negative pressure isolation rooms with one anteroom, and six beds were in cohort areas that used a common space and a mobile nega-
tive air machine to create negative pressure. The entire unit was sealed by erecting a temporary wall to maintain proper negative pressure, 
and all spaces were subjected to pressure monitoring.
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saline-filled syringe. 

 After successful puncture, a guidewire was passed through 

the cannula into the tracheal lumen. The needle and needle 

cannula were then withdrawn. A 14-French short introducer 

dilator was then passed over the guidewire and subsequently 

removed. A lubricated Ciaglia Blue Rhino dilator containing 

the guiding catheter was passed over the guidewire. The dila-

tor was then removed while the guiding catheter remained. 

The tracheostomy tube that was loaded over an appropriate 

introducer was inserted through the tracheal stoma over the 

guidewire and guiding catheter. The introducer, guidewire, 

and guiding catheter were then removed, leaving the trache-

ostomy tube in situ. During insertion and removal of cathe-

ters, guidewires, and dilators, the stoma site was covered with 

gauze and the operator’s hands. Bronchoscopy was performed 

throughout the procedure to ensure correct tracheal place-

ment of the needle, guidewire, and dilator, and final insertion 

of the tracheostomy tube. Tracheostomy-related complica-

tions, procedure time, ventilator settings, and laboratory test 

results at the time of tracheostomy were investigated. Proce-

dure time was defined as the duration from neck incision to 

tracheostomy tube insertion. The ventilator was not paused 

while the tracheostomy tube was inserted.

Detection of SARS-CoV-2 
SARS-CoV-2 was detected by real-time RT-PCR. RNA was ex-

tracted from clinical samples using a Nextractor NX-48 kit (Bi-

osewoom, Seoul, Korea) following the manufacturer’s instruc-

tions. Real-time RT-PCR to detect SARS-CoV-2 was performed 

using a PowerchekTM 2019-nCoV Real-time PCR kit (Kogene-

biotech, Seoul, Korea). Thermal cycling was performed at 50°C 

for 30 minutes for reverse transcription, followed by inactiva-

tion of the reverse transcriptase at 95°C for 10 minutes. PCR 

amplification was performed with 40 cycles of 95°C for 15 sec-

onds and 60°C for 1 minute in the CFX 96TM real-time PCR 

system (Bio-Rad, Hercules, CA, USA). All specimens were han-

dled in a biosafety cabinet. RT-PCR testing was performed ac-

cording to the proposed guidelines for diagnosing COVID-19 

in clinical laboratories issued by the Korea Centers for Disease 

Control and Prevention and the Korean Society for Laboratory 

Medicine. Cycle threshold (Ct) values were determined. High 

Ct values for the RNA-dependent RNA polymerase (RdRp) and 

E (envelop) genes were interpreted as negative results. The re-

sults of quantitative RT-PCR were collected for viral load quan-

tification. Ct values close to the cutoff in specimens with low 

viral loads were interpreted by a laboratory physician, and re-

tests were performed using residual or new specimens if nec-

essary. We assessed anti-SARS-CoV-2 immunoglobulin G (IgM) 

and IgG antibodies using the DIAKEY COVID-19 IgM/IgG rap-

id kit (Shin Jin Medics, Goyang, Korea).

Statistical Analysis
Test results are presented as absolute values and percentages. 

Continuous variables were not normally distributed and there-

fore medians and interquartile ranges (IQRs) are presented. 

Statistical analysis was performed using IBM SPSS ver. 25.0 

(IBM Corp., Armonk, NY, USA).

RESULTS

Between February 24 and April 30, 2020, 13 patients were ad-

mitted to the ICU. Ten of these 13 critically ill patients required 

ventilators, of whom seven underwent percutaneous trache-

ostomy and three patients had ventilators removed without 

tracheostomy. Seven critically ill COVID-19 patients under-

went percutaneous tracheostomy. The median age was 71 

years (IQR, 63–76 years) and the male:female ratio was 6:1. 

The median body mass index was 27.2 kg/m2 (IQR, 22.8–28.2 

kg/m2). The median duration from symptom onset to diagno-

sis was 2 days (IQR, 0–4 days), the median duration from symp-

tom onset to application of the ventilator was 7 days (IQR, 

3–12 days), and the median duration from application of the 

ventilator to percutaneous tracheostomy was 14 days (IQR, 

9–16 days). The median Acute Physiology and Chronic Health 

Evaluation II (APACHE II) score was 15 (IQR, 12–17). Five cas-

es (71.4%) were previous or current smokers (Table 1).

 The median operating time for percutaneous tracheostomy 

was 10 minutes (IQR 7–12 minutes). The ventilator settings 

during percutaneous tracheostomy were as follows: median 

PEEP, 12 cm H2O (IQR, 10–14 cm H2O) and median FiO2, 0.6 

(IQR, 0.35–0.80). Extracorporeal membrane oxygenation 

(ECMO) was used in two cases (28.6%) and continuous renal 

replacement therapy was used in three cases (42.9%). FiO2 was 

0.35 when ECMO was used. The median platelet count was 

159×103/µl (IQR, 82–196×103/µl; normal range, 140–380×103/µl), 

the median prothrombin time was 14.6 seconds (IQR, 13.9–

15.4 seconds; normal range, 11.5–15.0 seconds), the median 

prothrombin time and international normalized ratio was 1.17 

(IQR, 1.06–1.25; normal range, 0.8–1.2), and the median Acti-

vated Partial Thromboplastin Time was 37.5 seconds (IQR, 

36.2–46.4 seconds; normal range, 28.0–45.0 seconds). 

 Postoperative bleeding was the only complication after tra-

cheostomy. This occurred in two patients (28.6%), both of whom 

were on ECMO support and anticoagulation therapy. Of them, 



Kim EJ, et al. Percutaneous tracheostomy in COVID-19

https://www.accjournal.org 267Acute and Critical Care 2020 November 35(4):263-270

one required surgical exploration and transfusion of red blood 

cells and platelets. Of seven patients who underwent trache-

ostomy, the 30-day mortality rate was 0. However, by the end 

of the study, the mortality rate was 71.4% and no patients had 

the ventilator completely removed. Real-time RT-PCR results 

for SARS-CoV-2 in the upper and lower respiratory tract were 

positive in five cases (71.4%) and negative in two cases (28.6%). 

We evaluated viral load by calculating Ct values. The median 

Ct value for SARS-CoV-2 RdRp was 30.60 (IQR, 25.50–36.56) in 

the upper respiratory tract and 35.04 (IQR, 28.40–36.74) in the 

lower respiratory tract. In anti-SARS-CoV-2 antibodies tests, 

IgG and IgM were positive in all cases.

 All tracheostomy procedures were performed in the nega-

tive pressure unit. However, four cases underwent tracheosto-

my in negative pressure cohort areas and three cases under-

went tracheostomy in negative pressure isolation rooms. The 

COVID-19 ICU remained open for 80 days. After this unit closed, 

all medical staff, including the tracheostomy team, were tested 

for SARS-CoV-2 by real-time RT-PCR. All staff tested negative. 

DISCUSSION

During treatment of patients with ARDS caused by COVID-19, 

aerosol-generating procedures carry the risk of infection trans-

mission to medical personnel. Tracheostomy is an aerosol-

generating procedure commonly performed in critically ill 

patients. Several guidelines for tracheostomy in COVID-19 

patients have been published to reduce the risk of infection 

transmission [7,8,13-15]. In terms of the environment, several 

reports [7,8,13] demonstrate that standard personal protective 

equipment is essential when performing tracheostomy. No 

healthcare personnel became infected while performing tra-

cheostomy during the SARS outbreak and all staff used a PAPR 

[7,13]. Tracheostomy is performed in a negative pressure en-

vironment and is best conducted at the bedside in an ICU [7,8]. 

In the current study, our medical staff wore a PAPR, a high du-

rability hood with integrated head suspension, eye protection, 

a fluid-repellent disposable surgical gown, a cap, boots, dou-

ble gloves, and an N95 mask as standard personal protective 

equipment. Such equipment is heavy and makes it difficult 

for healthcare personnel to tolerate loud noise and heat, but it 

protects them. The tracheostomy procedure was performed at 

the bedside in an ICU where negative pressure was maintained, 

although some procedures were performed in a negative pres-

sure cohort area, not in a negative pressure isolation room. 

 In terms of the procedure, exposure to aerosolized secre-

tions must be minimized during tracheostomy. McGrath et al. 

[8] reported that surgical tracheostomy was favored over per-

cutaneous tracheostomy during the SARS outbreak. However, 

Zhang et al. [18] reported that percutaneous tracheostomy is 

preferable because it is minimally invasive and less time-con-

Table 1. Basic characteristics and tracheostomy-related outcomes 
in the study population

Variable Value (n=7)

Age (yr) 71 (63–76)

Male:female 6:1

Body mass index (kg/m2)  27.2 (22.8–28.2)

APACHE II score 15 (12–17)

Smoking status

   Never 2 (28.6)

   Previous smoker 4 (57.1)

   Current smoker 1 (14.3)

Comorbidity

   Diabetes mellitus 3 (42.9)

   Hypertension 2 (28.6)

   Chronic lung disease 2 (28.6)

   Malignancy, solid 1 (14.3)

Time from symptom onset to application of the 
ventilator (day)

7 (3–12)

Time from symptom onset to percutaneous  
tracheostomy (day)

 20 (17–24)

Time from application of the ventilator to  
percutaneous tracheostomy (day)

14 (9–16)

Procedure time of percutaneous tracheostomya (min) 10 (7–12)

Tracheostomy tube size, internal diameter (mm) 8

Mechanical ventilator settings during tracheostomy

   Positive end expiratory pressure (cm H2O) 12 (10–14)

   Peak inspiratory pressure (cm H2O) 15 (12–16)

   Fraction of inspired oxygen 0.60 (0.35b–0.80)

Extracorporeal membrane oxygenation 2 (28.6)

Continuous renal replacement therapy 3 (42.9)

Laboratory data

   Platelet count (103/µl) 159 (82–196)

   Prothrombin time (sec) 14.6 (13.9–15.4)

   Prothrombin time and international normalized 
ratio

1.17 (1.06–1.25)

   Activated partial thromboplastin time (sec) 37.5 (36.2–46.4)

Complications after tracheostomy

   Bleeding 2 (28.6)

Values are presented as median (interquartile range) or number (%).
APACHE: Acute Physiology and Chronic Health Evaluation.
aThe duration from skin incision to insertion of the tracheostomy tube; 
bSetting during extracorporeal membrane oxygenation.
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suming, causes less splashing, and can be performed at the 

bedside, while viral splashing is more of a concern during sur-

gical tracheostomy. Several suggestions to reduce viral aerosol 

spreading during tracheostomy have been published [18-21]. 

Various reports recommend that a muscle relaxant be used to 

eliminate the cough reflex during tracheostomy, the ETT cuff 

is placed deeper than the tracheal incision site, the ventilator 

is briefly paused while the tracheostomy tube is inserted, and 

the tracheal puncture site is covered with gauze [8,13,18,20]. 

There have also been various modified techniques using per-

cutaneous tracheostomy [19-21]. However, we performed per-

cutaneous tracheostomy in the same way as in patients with-

out COVID-19. We just used a muscle relaxant to eliminate 

the cough reflex, and inserted the tracheostomy tube and bal-

loon relatively quickly to reduce the amount of time as much 

as possible during which the virus could be transmitted. In 

addition, the tracheostomy site was covered with gauze and 

the operator’s hands while the dilator was inserted and removed 

and when the tracheostomy tube was inserted. 

 A study found that the mean procedure time was 11 minutes 

for dilated tracheostomy and 14 minutes for surgical tracheos-

tomy, with no statistical difference [22]. In another study, the 

mean duration of tracheostomy with Ciaglia Blue Rhino was 

7.5 minutes [17]. In our study, the median procedure time was 

10 minutes, which is similar to [22] or slightly longer than other 

studies [17]. Studies published up to the early 2000s showed 

that surgical tracheostomy was better for complications [22,23], 

but later studies showed that there was little difference in com-

plications between surgical and dilated tracheostomy even in 

ECMO environments [24-26]. Regarding complications, in our 

study bleeding did not occur immediately after tracheostomy 

but developed within 24 hours after the procedure in two cases 

(28.6%), both of which were on ECMO support and anticoagu-

lation therapy. One case (14.3%) required blood transfusion, 

and the other (14.3%) was minor bleeding. A study [26] report-

ed that dilated tracheostomy patients had 11% major bleeding 

requiring blood transfusion and 25% had minor bleeding in the 

ECMO environment. Therefore, compared with that study [26], 

our complication rate was similar.

 In terms of viruses, although the procedure was not been 

modified, the viral load might be considered as one of the rea-

sons healthcare personnel were not infected with COVID-19. 

Guidelines in the USA and Canada strongly advise that patients 

should test negative for COVID-19 before tracheostomy is per-

formed [14,15]. However, it is uncertain whether a patient’s 

condition will be maintained until they test negative for COV-

ID-19 by RT-PCR. A study [5] reported that SARS-CoV-2 could 

be detected 2–3 weeks after symptoms developed and were 

identified for up to 37 days. Instead of waiting for patients to 

test negative by RT-PCR, we assumed that viral load and in-

fectivity would be low if the Ct value was high. There is no clear 

standard regarding how the Ct value correlates with viral load. 

The Ct value cannot be used to directly interpret viral load with-

out a standard curve generated using reference materials [27]. 

In addition, the sensitivity of qualitative RT-PCR is only 71% 

[28] and consequently false negative results must be sufficient-

ly considered. The Ct value may provide more information 

about viral load. In our institution, a Ct value higher than 35 

was considered a negative result. The median Ct values for 

SARS-CoV-2 RdRp were 30.60 in the upper respiratory tract 

and 35.04 in the lower respiratory tract, which are relatively 

high. Although viral load was not predicted correctly, it was 

considered to be low and this was thought to explain the low 

viral spread. Percutaneous tracheostomy was performed a 

median of 20 days after symptom onset and 14 days after ap-

plication of the ventilator to reduce viral load. Early tracheos-

tomy is thought to be unfavorable in patients with COVID-19.

 This study evaluated the safety of percutaneous tracheosto-

my performed in a negative pressure environment in an ICU. 

We show that percutaneous tracheostomy performed in a neg-

ative pressure environment where some patients have COV-

ID-19 is safe for medical staff and patients. This is thought to 

be because medical staff wore proper protection including a 

PAPR, the procedure was performed a median of 20 days after 

symptom onset and 14 days after application of the ventilator, 

and viral load was low. We believe that the risk of infection trans-

mission by tracheostomy is related to the degree of healthcare 

personnel protection (including a PAPR), environmental fac-

tors such as a negative pressure environment, and even viral 

load (negative conversion may not be necessary), rather than 

viral shedding during the procedure. 

 Our study is limited because it only included seven cases 

and was retrospective, and it is difficult to apply in general be-

cause the results can vary depending on the condition of the 

operator and the patient. Further research is necessary. Dilat-

ed tracheostomy needs to be compared with surgical trache-

ostomy in the COVID-19 environment and non-COVID-19 

tracheostomy results. It is necessary to do a prospective, mul-

ticenter study that includes more cases in the future.
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