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Background: Pneumonia caused by severe acute respiratory syndrome coronavirus 
2 can cause acute respiratory distress syndrome, often requiring prolonged mechanical 
ventilation and eventually tracheostomy. Both procedures occur in isolation units where 
personal protective equipment is needed. Additionally, the high bleeding risk in patients 
with extracorporeal membrane oxygenation (ECMO) places a great strain on surgeons. We 
investigated the clinical characteristics and outcomes of percutaneous dilatational trache-
ostomy (PDT) in patients with coronavirus disease 2019 (COVID-19) supported by ECMO, 
and compared the outcomes of patients with and without ECMO.
Methods: This retrospective, single-center, observational study included patients with 
severe COVID-19 who underwent elective PDT (n=29) from April 1, 2020, to October 31, 
2021. The patients were divided into ECMO and non-ECMO groups. Data were collected 
from electronic medical records at Ajou University Hospital in Suwon, Korea.
Results: Twenty-nine COVID-19 patients underwent PDT (24 men [82.8%] and 5 women 
[17.2%]; median age, 61 years; range, 26–87 years; interquartile range, 54–71 years). The 
mean procedure time was 17±10.07 minutes. No clinically or statistically significant differ-
ence in procedure time was noted between the ECMO and non-ECMO groups (16.35±7.34 
vs. 18.25±13.32, p=0.661). Overall, 12 patients (41.4%) had minor complications; 10 had 
mild subdermal bleeding from the skin incision, which was resolved with local gauze pack-
ing, and 2 (6.9%) had dislodgement. No healthcare provider infection was reported.
Conclusion: Our PDT approach is safe for patients and healthcare providers. With bron-
choscopy assistance, PDT can be performed quickly and easily even in isolation units and 
with acceptable risk, regardless of the hypo-coagulable condition of patients on ECMO.
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Introduction

Coronavirus disease 2019 (COVID-19) is a respiratory 
illness caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), which first emerged in Wuhan, 
China, in November 2019 [1]. The first confirmed case in 
Korea was diagnosed on January 20, 2020; since then, Ko-
rea has experienced an abrupt and explosive outbreak of 
COVID-19 [2]. Consequently, COVID-19 was designated 
as a class I infectious disease in the Republic of Korea from 
January 20, 2020, to April 24, 2022. According to the Korea 
Disease Control and Prevention Agency, COVID-19 was 
confirmed in 16,929,564 patients during this period, with 

an incidence rate of 32,785 per 100,000 population. The 
number of severe and critical cases during this period was 
22,137 and the case mortality was 0.14%, with 23,045 
deaths [3]. COVID-19 can present with various clinical 
phenotypes, ranging from asymptomatic to severe cases. In 
severe cases, COVID-19 can lead to acute respiratory dis-
tress syndrome (ARDS), which often requires prolonged 
mechanical ventilation and extracorporeal membrane oxy-
genation (ECMO). The Korean health authorities designat-
ed 782 beds from 75 hospitals for critically ill patients suf-
fering from COVID-19 disease to cope with these 
circumstances [4]. As a designated hospital for COVID-19 
patients, our facility had to care for critically ill patients.

http://crossmark.crossref.org/dialog/?doi=10.5090/jcs.22.117&domain=pdf&date_stamp=2023-03-05
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Tracheostomy is considered for patients requiring pro-

longed mechanical ventilation because of its advantages, 
including decreased work of breathing, improved ventilator 
synchrony, enhancement of secretion clearance, and pa-
tient comfort [5,6]. Several tracheostomy techniques exist 
(percutaneous and surgical); however, traditionally, trache-
ostomy has been performed in the operating room using 
standard surgical principles [7,8]. In 1985, Ciaglia et al. [9] 
described an alternative method in which tracheostomy 
was performed percutaneously using the Seldinger ap-
proach. Compared with a surgical tracheostomy, percuta-
neous dilatational tracheostomy (PDT) is a relatively easy 
procedure that can be performed at the patient’s bedside 
with a limited number of healthcare workers. PDT can also 
minimize the potential risks associated with transporting 
critically ill patients, and the inconvenience and expense of 
scheduling and utilizing operating room facilities. In con-
trast, surgical tracheostomy requires greater technical skill 
and longer operative time, with an associated higher com-
plication rate [8,10]. PDT, which can mitigate the bleeding 
risk, is more attractive than the surgical approach, consid-
ering that patients supported by ECMO have a higher 
bleeding tendency.

This retrospective observational descriptive study evalu-
ated the outcomes and techniques used to perform PDT in 
patients with COVID-19-related respiratory failure. In ad-
dition, this study also compared the outcomes of PDT be-
tween two groups (ECMO and non-ECMO).

Methods

Patients

This retrospective observational study included patients 
with respiratory failure due to COVID-19 who underwent 
elective PDT at Ajou University in Korea between April 1, 
2020, and October 31, 2021. The patients were divided into 
ECMO and non-ECMO groups. The ECMO group includ-
ed patients who were on ECMO at the time of procedure. If 
a patient had been on ECMO at any point during the study 
period, but was not on ECMO at the time of the procedure, 
he or she was excluded from the ECMO group and includ-
ed in the non-ECMO group. The non-ECMO group com-
prised patients who were not on ECMO when tracheosto-
my was performed. Polymerase chain reaction tests were 
used to diagnose COVID-19 in all patients.

This study was approved by the Ajou University Institu-
tional Review Board (IRB no., AJOUIRB-MBD-2022-282). 
The informed consents were not obtained because of the 

retrospective design of this study.

Percutaneous dilatational tracheostomy 
procedure

The procedure was executed alternately by 2 surgeons 
using standard personal protective equipment (PPE) to 
minimize aerosol generation from high-risk procedures. 
The PPE included N95 masks, double gloves, disposable 
protective uniforms, shoe covers, and powered air-purify-
ing respirator devices (PAPR) (Fig. 1). Ciaglia Blue Rhino 
Percutaneous Tracheostomy Introducer Set (Cook Critical 
Care Inc., Bloomington, IN, USA) was used in all PDT cas-
es in this study.

The procedure was carried out at the patient’s bedside 
inside an isolated room with negative pressure and high-ef-
ficiency particulate air filtration system. The patient was 
sedated with an adequate dose of a neuromuscular block-
ing drug to prevent aerosol-generating coughing. Then, the 
patient was positioned close to the surgeon and placed in a 
supine position with the neck extended and the head stabi-
lized. Chlorhexidine solution was applied to the anterior 
side of the neck, and sterile drapes were placed. The sternal 
notch and inferior border of the cricoid cartilage were rec-
ognized, and a bronchoscope was then inserted into the 
endotracheal tube. The pulmonologist checked and cleaned 
the airway using the bronchoscope before the incision. Af-
ter administering local anesthesia with 2% lidocaine, a 
1-cm transverse incision was made at about 2 cm above the 
suprasternal notch. Next, the subcutaneous tissues were 
dissected until the tracheal cartilage was recognized using 
the tip of a mosquito forceps, and the anterior tracheal wall 
was placed in the bronchoscope’s view. The tracheostomy 
site was localized between the first and second tracheal 
rings by pressing the anterior tracheal wall. The trachea 

Fig. 1. Personal protective equipment.
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was punctured with the needle included in the Ciaglia tra-
cheostomy set (Fig. 2A). The bevel of the needle was angled 
slightly caudally. Its location was confirmed via bronchos-
copy. The guidewire was then fed through a needle (Fig. 
2B). The needle was removed, and dilation was performed 
with dilators placed through the guidewire, creating an 
opening through which the tracheostomy tube was placed 
(Fig. 2C–F). The guidewire was then removed, and the cuff 
was inflated with air. After this, a bronchoscopy assistant 
disconnected the endotracheal tube from the ventilator 
and connected the tracheostomy tube to the ventilator. The 
bronchoscope was then inserted into the tracheostomy 
tube to confirm its position, and check for bleeding. Final-
ly, the dressing was applied with Y-gauze and a tracheosto-
my collar. If necessary, the skin was sutured.

Data collection

Data were retrospectively collected by reviewing the 
electronic medical records at Ajou University Hospital in 
Suwon, Korea. The following variables were reviewed: de-
mographics, body mass index (BMI), Charlson comorbidi-
ty index (CCI), length of intubation, intraoperative compli-
cations, perioperative complications, ECMO type and 
settings before and during the procedure, ECMO weaning, 
laboratory findings, ventilator settings, weaning from the 
mechanical ventilator, seal off, perioperative complications, 
30-day all-cause mortality, all-cause mortality without 
weaning mechanical ventilation, all-cause mortality with-
out weaning from ECMO, and discharged survivors. The 
CCI uses administrative data to create a single score that 
sums the adjusted risk of mortality due to comorbidities 

and the age of patients receiving medical care [11]. Periop-
erative complications were defined as follows: (1) major 
complications were either life-threatening or required sur-
gical intervention under general anesthesia and (2) minor 
complications required bedside procedures, such as bleed-
ing controlled with simple sutures or a compression dressing.

Statistical analysis

Categorical data were presented as numbers (percentage), 
and the Fisher exact, chi-square, and Wilcoxon rank sum 
tests were used to compare the demographic characteris-
tics, and outcomes between the ECMO and non-ECMO 
groups. Continuous variables were presented as either 
means with the standard deviation or medians with the in-
terquartile range (IQR) and compared using the Student 
t-test or the Mann-Whitney U test. Survival was measured 
from the date of tracheostomy to the date of all-cause 
death, plotted with Kaplan-Meier curves, and compared 
using the log-rank test. A swimmer plot was used to de-
scribe the time to outcome. A p-value <0.05 was required 
to reach statistical significance. Statistical analyses were 
done using IBM SPSS ver. 25.0 (IBM Corp., Armonk, NY, 
USA) and R ver. 3.2.3 (R Development Core Team, Vienna, 
Austria).

Results

Cohort demographic characteristics

During the study period, 30 patients underwent trache-
ostomy. One patient was excluded from this study due to 

A B C

D E F Fig. 2. (A–F) Percutaneous dilata-
tional tracheostomy procedure.
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undergoing surgical tracheostomy during the operation for 
a deep neck infection and mediastinitis. The patients were 
divided into 2 groups. The non-ECMO group comprised 
12 patients who were not on ECMO when the tracheosto-
my was performed. There were 19 patients on ECMO during 
the study period. However, 2 of these 19 patients were ex-
cluded from the ECMO group and included in the non-EC-
MO group, because 1 had already been weaned from 
ECMO when undergoing PDT, and the other underwent 
tracheostomy just before ECMO was applied. PDT was 
performed on 29 patients, including 24 men (82.76%) and 5 
women (17.24%), with a mean age of 60.86±14.63 years. 
The mean BMI was 26.28±4.94 kg/m2. The demographic 
characteristics and laboratory findings of the study popu-
lation are presented in Table 1.

Patients underwent PDT at a median of 28 days (IQR, 
19–32 days) from COVID-19 diagnosis. The patients were 
intubated for a median of 18.00 days (IQR, 12.00–20.00 
days) before tracheostomy, which was not significantly dif-
ferent between the ECMO and non-ECMO groups (17.00 
days [IQR, 13.00–19.00 days] versus 18.00 days [IQR, 
11.75–22.00 days], p=0.477). Among the 29 patients, 17 

(58.62%) were supported with ECMO during the tracheos-
tomy procedure. The median duration of the ECMO run 
before tracheostomy was 14.00 days (IQR, 12.00–15.00 
days).

The mechanical ventilation settings before the procedure 
are listed in Table 1. The ventilator positive end-expiratory 
pressure values were lower in the ECMO group than in the 
non-ECMO group (5.29±1.16 cmH2O versus 8.42±3.20 cm-
H2O, p=0.007). In addition, the respiratory rates were low-
er in the ECMO group than in the non-ECMO group 
(10.47±1.55 breaths/min versus 21.00±4.33 breaths/min, 
p<0.001). The tidal volume was also statistically signifi-
cantly lower in the ECMO group than in the non-ECMO 
group (259.41±55.17 mL versus 345.86±116.6 mL, p=0.031).

Outcomes of percutaneous dilatational 
tracheostomy

The mean procedure time was 17.14±10.07 minutes. 
There was no clinically or statistically significant differ-
ence in procedure time between the ECMO and non-EC-
MO groups: 16.35±7.34 in the ECMO group versus 18.25± 

Table 1. Cohort demographic characteristics

Characteristic Total (n=29) ECMO (n=17) Non-ECMO (n=12) p-value

Age (yr) 60.86±14.63 56.12±10.61 67.58±17.23 0.035
Sex 0.622
   Male 24 (82.76) 15 (88.24) 9 (75.00)
   Female 5 (17.24) 2 (11.76) 3 (25.00)
BMI (kg/m2) 26.3±4.9 27.0±5.6 25.2±3.9 0.351
   Underweight (BMI <18.5) 0 0 0
   Normal (18.5≤ BMI <25.0) 13 (44.8) 8 (42.11) 5 (41.67)
   Overweight (25≤ BMI <30.0) 10 (34.48) 5 (29.41) 5 (41.67)
   Obese (BMI ≥30.0) 6 (20.69) 4 (23.53) 2 (16.67)
Days of intubation to tracheostomy 18.00 (12.00–20.00) 17.00 (13.00–19.00) 18.00 (11.75–22.00) 0.477
Days of ECMO to tracheostomy 14.00 (12.00–15.00) -
CCI score 4.00±2.65 3.65±2.62 4.50±2.71 0.402
Lab findings
   White blood cell (/μL) 10,830±4,800 10,630±4,110 11,110±5,820 0.796
   Hemoglobin (g/dL) 10.08±1.26 10.43±1.17 9.59±1.26 0.076
   Platelet (/μL) 172,200±81,294 142.530±67,080 214,160±83,640 0.016
   Prothrombin time (INR) 1.62±0.62 2.00±0.56 1.10±0.08 <0.001
   aPTT (sec) 67.31±26.92 87.00±14.71 39.42±9.03 <0.001
Ventilator settings
   PEEP (cmH2O) 6.59±2.69 5.29±1.16 8.42±3.20 0.007
   Respiratory rate (breaths/min) 14.83±6.05 10.47±1.55 21.00±4.33 <0.001
   FiO2 (mm Hg) 0.47±0.16 0.41±0.09 0.55±0.21 0.052
   Tidal volume (mL) 295.18±94.67 259.41±55.17 345.86±116.6 0.031
Plateau pressure (cmH2O) 28.00±7.70 28.18±7.72 27.75±8.01 0.886

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
ECMO, extracorporeal membrane oxygenation; BMI, body mass index; CCI, Charlson comorbidity index; INR, international normalized ratio; aPTT, 
activated partial thromboplastin time; PEEP, positive end-expiratory pressure; FiO2, fraction of inspired oxygen.
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13.32 in the non-ECMO group (p=0.661).

No major complications were observed during the proce-
dures. However, 12 patients (41.4%) had minor complica-
tions; 10 patients (34.5%) had mild subdermal bleeding re-
sulting from the skin incision, which was resolved with 
local gauze packing. Additionally, 2 cases (6.9%) of dis-
lodgement occurred due to postural change and were re-
solved with re-insertion of the tracheostomy tube at the 
bedside. Although no major complications were found, 
there were 10 (58.8%) minor bleeding complications in the 
ECMO group; in contrast, no bleeding complications were 
seen in the non-ECMO group. None of the patients re-
quired reoperation for bleeding.

Of the 29 patients who underwent PDT, 2 underwent 
lung transplantation, and 13 patients (44.8%) were dis-
charged home or to a health care center. Furthermore, 13 
patients (44.8%) died within 30 days of tracheostomy. The 
patients’ clinical courses are shown in Fig. 3. After PDT, 
the median time to ECMO weaning was 14.50 days (IQR, 
5.75–35.75 days). There was no significant difference in 
mortality without weaning from the mechanical ventilator 
between the ECMO and non-ECMO groups (9 [52.9%] ver-
sus 7 [58.3%], p=0.792). Fig. 4 shows the absence of a sig-
nificant difference in the 6-month survival probability be-
tween the ECMO and non-ECMO groups (p=0.48). The 
clinical outcomes among patients who did and did not un-
dergo tracheostomy during ECMO are presented in Table 2.

Discussion

This retrospective observational study included 29 pa-
tients with COVID-19 who underwent percutaneous tra-

cheostomy and observed the clinical characteristics and 
outcomes of the procedures. The study also compared the 
outcomes between patients with and without ECMO.

PDT was first introduced in 1957 [9] and became popu-
lar after a commercially available kit was released in 1985 
[12]. This technique involves blunt dilatation to open the 
pretracheal tissue to pass the tracheostomy tube. While 
full dissection of the pretracheal tissues and insertion of 
the tracheostomy tube into the trachea under direct vision 
is necessary for surgical tracheostomy, PDT requires only 
limited dissection, results in less tissue damage, and lowers 
the risk of bleeding and wound infection. Al-Ansari et al. 
[12] reported that surgical tracheostomy should be consid-
ered first in cases of goiter, obesity, pneumomediastinum, 
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difficult anatomy, coagulopathy, and hemodynamic, or re-
spiratory instability. However, in this study, none of the 
patients required reoperation for bleeding, although a large 
proportion of them received anticoagulation therapy. PDT 
can be executed safely with a bronchoscope, in obese pa-
tients and patients with prolonged prothrombin time/acti-
vated partial thromboplastin time.

PDT was carried out at the bedside to reduce the risks 
that might have arisen during patient transfer. Using the 
modified Seldinger technique, which involves the use of a 
bronchoscope, the exposure of healthcare providers to 
aerosols during the procedure could be minimized. As rec-
ommended in previous studies, healthcare providers wore 
PAPR, N95 masks, double gloves, disposable protective 
uniforms, and shoe covers to protect themselves [13,14]. 
Although this equipment and an isolated environment in-
terfere with the procedure, PDT requires only limited pre-
tracheal tissue dissection, allowing the procedure to be 
done quickly and safely.

ARDS has been reported to develop in 15% to 30% of pa-
tients with COVID-19, significantly increasing mortality 
[15]. Based on the initial Extracorporeal Life Support Or-
ganization guidance document and interim guidelines by 
the World Health Organization, patients with refractory 
hypoxemia despite lung-protective ventilation were sup-
ported by ECMO [16,17]. Evidence from 2 randomized 
controlled studies, post hoc Bayesian analysis, and me-
ta-analyses also support the benefit of ECMO in combina-
tion with ultra-lung-protective ventilation in patients with 
very severe ARDS [18,19]. Based on their findings, if pa-
tients in the present study still had refractory hypoxemia 
or hypercapnia, ECMO was applied (n=19, 65.52%). Seven-
teen patients were on veno-venous ECMO, and 2 were ve-

no-arterial ECMO for cardio-circulatory compromise.
Early in the pandemic, observational studies suggested 

that SARS-CoV-2 was associated with thromboembolic 
diseases [20]. Although results of prospective randomized 
studies have not yet been reported, anticoagulation therapy 
using low-molecular-weight heparin (LMWH) has been 
widely accepted as a standard therapy for COVID-19 pa-
tients [21]. At our center, a prophylactic dose of LMWH was 
considered in all patients requiring hospital admission for 
COVID-19 without contraindications such as active bleed-
ing and platelet count <25×109/L. Among the 29 tracheos-
tomized patients, 26 (89.66%) were anticoagulated and 3 
were not. Patients without ECMO were anticoagulated 
with LMWH. The dosage of LMWH was determined by a 
doctor from the infectious disease department depending 
on their severity. However, patients on ECMO were antico-
agulated with argatroban (Novastan; Mitsubishi Tanabe 
Pharma Corp., Osaka, Japan).

Previous studies have reported that bleeding was the 
most frequent complication associated with ECMO sup-
port in critically ill patients [22]. Schmidt et al. [23] found 
that local bleeding within 24 hours of tracheostomy was 4 
times more frequent during ECMO (25% versus 7%, p<0.01). 
In our study, all bleeding complications were observed in 
the ECMO group, which is comparable to the results of 
Schmidt et al. [23]. Even though there were 10 cases of 
bleeding complications, all were resolved with simple gauze 
packing. Despite the high proportion of therapeutic anti-
coagulation, there were no major complications requiring 
reoperation for bleeding. In the present study, the potential 
risks of PDT, such as tracheal laceration, tracheoesopha-
geal fistula, and paratracheal insertion, were avoided using 
a bronchoscope.

Table 2. Percutaneous dilatational tracheostomy outcomes

Characteristic Total (n=29) ECMO (n=17) No-ECMO (n=12) p-value

Procedure time (min) 17.14±10.07 16.35±7.34 18.25±13.32 0.661
Complication 12 (41.4) 10 (58.8) 2 (16.7) 0.053
   Major 0
   Minor 12 (41.4) 10 (58.8) 2 (16.7)
      Bleeding 10 (34.5) 10 (58.8) 0 0.001
      Dislodgement 2 (6.9) 0 2 (16.7) 0.163
Death within 30 days 13 (44.8) 6 (35.3) 7 (58.3) 0.213
Death without weaning from MV 16 (55.2) 9 (52.9) 7 (58.3) 0.792
ECMO weaning - 8 (47.06) - -
Tracheostomy to ECMO weaning (day) 14.50 (5.75–35.75)
Tracheostomy to MV weaning (day) 22 (15.00–27.00) 23.50 (18.00–56.75) 22.0 (13.0–26.0) -
Discharged survivors 13 (44.8) 8 (47.06) 5 (41.67) 1.000

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
ECMO, extracorporeal membrane oxygenation; MV, mechanical ventilator.
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According to our findings, the patients who underwent 

tracheostomy were predominantly men (82.8%). This result 
is similar to those of previous studies that reported higher 
disease severity and poor prognosis in men [24-27]. A me-
ta-analysis of 59 studies comprising 36,470 patients showed 
that male patients experienced more severe disease than 
female patients (risk ratio, 1.18; 95% confidence interval, 
1.10–1.27) [24]. According to Lisco et al. [28], 17β-estradiol 
could exert protective effects in female patients. Further-
more, Li et al. [29] also observed that although only slight-
ly more than half (50.9%) of all patients were male, and 
male patients accounted for a significantly higher propor-
tion of severe cases (56.9% versus 45.2%, p=0.006). Chao et 
al. [26] reported that 53 patients undergoing tracheostomy 
were predominantly male (n=33 patients, 62%).

Two cases of dislodgement, which were easily resolved 
with re-insertion of the tracheostomy tube at the bedside, 
were reported in the non-ECMO group. The reasons for 
dislodgement, observed only in the non-ECMO group, are 
as follows. First, the patients were in an isolated room, and 
they could not be monitored continuously. Secondly, un-
like the patients with ECMO, the patients in the non-EC-
MO group were not administered neuromuscular blocking 
drugs.

Limitations

First, this study used retrospective observational data, 
with poor control over exposure factors, covariates, and 
possible confounders. Second, due to the cohort being from 
a single center, its small sample size over a short period 
could have caused type II error in the analyses. Although 
further studies are needed to elucidate the safety of this pro
cedure in patients with highly contagious respiratory dis-
ease and the outcomes comparing 2 groups (ECMO versus 
non-ECMO), our findings justify the use of PDT in patients 
with highly contagious respiratory disease under a hypo- 
coagulable condition.

Conclusion

The PDT approach applied in this study is safe for pa-
tients, and healthcare providers. With bronchoscopic assis-
tance, PDT can be performed quickly and easily, even in 
isolation units where PPE is needed. This study also found 
that despite the hypo-coagulable state of patients with 
ECMO and in patients with highly contagious diseases, 
such as COVID-19, PDT can be safely performed within 
acceptable risks.
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