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Abstract 

Background: Making decisions and planning about tracheostomy is not clear yet. 
Objectives: This study aimed to report intensive care unit (ICU) admission, intubation, and tracheostomy rates among patients in 
different settings and compare the outcomes of surgical and Percutaneous dilational tracheostomy (PDT) techniques between COVID-19 
and non-COVID patients.  
Methods: Patients admitted to Masih Daneshvary hospital were assessed from February 2020 to May 2021 for intubation and 
tracheostomy rates. Different aspects and outcomes of two methods of tracheostomy, including surgical and PDT tracheostomy, were 
compared. Among non-COVID patients, 15 ICU admitted patients with different etiologies of pneumonia who required mechanical 
ventilation and tracheostomy were randomly selected and compared to COVID-19 patients. 
Results: A total of 7,748 COVID-19 patients were admitted, with 12.7% admitted to ICU with an intubation rate of 5.13%. Tracheostomy 
was performed for a total of 36 patients (0.46%) for prolonged intubation with a trend of 0.1% to 1.45% in 16 months. Regarding the 
technique of tracheostomy, 24% and 33.3% of patients survived in surgical and PDT groups, respectively (P=0.44). Surgical tracheostomy 
and PDT were performed in 26.5% and 40% of non-COVID patients, respectively (P=0.5). The mortality rate was 72.2% and 20% in the 
surgical tracheostomy and PDT groups, respectively (P=0.003).  
Conclusion: Given the study results, both surgical and percutaneous techniques are feasible for COVID-19 patients, and the decision 
about the optimal timing of intubation needs more inquiry.  
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1. Background 

In late 2019, COVID-19 developed into a worldwide 
epidemic as a clinical picture of atypical pneumonia 
caused by e-Betacoronavirus SARS-CoV-2 (1). 
Following some treatment regimens, about 75% of 
patients recover with no need to receive intensive care 
(2) while there is a mortality rate of 3.4% (3). In some 
cases of severe COVID-19, due to respiratory failure, 
endotracheal intubation and mechanical ventilation 
are necessary, which last more than seven days. Less 
than 10% of patients require tracheostomy due to 
different etiologies, and since prolonged intubation 
exposes patients to complications, such as tracheal 
stenosis, tracheostomy is recommended. It reduces 
respiratory effort and dead space (4); however, 
tracheostomy has been placed in the second position 
among aerosol-generating procedures, including 
tracheal intubation, tracheostomy, noninvasive 
ventilation (NIV), bronchoscopy, nebulizer treatment, 
and tracheal suctioning (5). Therefore, decision-
making and planning considering tracheostomy are 
not clear yet. In this regard, Adril et al. stated that 
performing an early tracheostomy within seven days 

after intubation not only reduces intensive care unit 
(ICU) stay and the duration of mechanical ventilation 
but also decreases the mortality rate (6). In  
contrast, some guidelines recommended postponing 
tracheostomy at least for two couple of weeks (7-9). 
Beyond tracheostomy timing, the method of 
procedure, whether percutaneous or surgical, is 
another concern (10).  

 

2. Objectives 

The present study aimed to explore the role of 
tracheostomy in managing COVID-19 patients using 
surgical and Percutaneous dilational tracheostomy 
(PDT) techniques. It also compared some features of 
tracheostomy between COVID-19 and non-COVID 
patients.  

 

3. Methods 

This cross-sectional study reported single-center 
experiences regarding COVID-19 patients, who 
underwent tracheostomy for airway management, 
and compared it to performing tracheostomy for non-
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COVID patients before the COVID pandemic.  
 

3.1. COVID-19 Patients 
From February 2020 to May 2021, all patients 

admitted to Masih Daneshvari Hospital (Tehran, Iran), 
either intensive care unit or internal wards, were 
assessed regarding demographic characteristics. 
Intubated ICU admitted patients who had weaning 
failure, long-term mechanical ventilation, and inability 
to manage secretions were a candidate for 
tracheostomy, either by open tracheostomy or PDT. 

Every tracheostomy was performed by one of the 
two teams of experienced thoracic surgeons or 
intensive care specialists with full protective wearing, 
including an N95 respirator, gown, cap, eye 
protection, and gloves. 

Patients included in this study were above 18 
years and had confirmed diagnoses of COVID-19. The 
rates of ICU admission, intubation, and tracheostomy 
during 16 months of the pandemic were depicted 
considering the fluctuation of incidence rate, 
according to the data acquired from Worldometer 
(https://www.worldometers.info/coronavirus/), which 
reports the trend of COVID-19, new cases, as well as 
mortality in each country.  

 
3.2. Non-COVID Patients 

To compare demographic characteristics, 
tracheostomy methods, and outcomes, 15 ICU 
admitted patients with different etiologies of 
pneumonia in need of mechanical ventilation and 
tracheostomy were assessed during the study period. 
In the center under study, tracheostomy is not 
common for patients with pneumonia other than 
COVID-19. The authors retrospectively evaluated all 
ICU patients to find out if tracheostomy was 
performed or not. During the study period, all non-
COVID tracheostomy was also considered. Indeed, 
almost all patients were COVID-19 in the first year of 
the pandemic situation. 

 
3.3. Outcome 

To analyze the outcome in tracheostomy patients, 
improvement (discharge from hospital) or death 
were evaluated.  

 
3.4. Tracheostomy Rate 

Tracheostomy rate was the number of 
tracheostomy procedures divided by the total 
number of COVID-19 hospitalization each month, 
during 16 months of follow-up. 

 

3.5. Surgical Tracheostomy 
Tracheostomy was performed as an elective 

surgery in the operating room (OR) by two thoracic 
surgeons to observe all protection considerations and 
shorten the procedure. All OR staff used tight 
protection equipment. The patient’s position was 
supine with neck extension, and oxygen (FIO2 100%) 

was continuously delivered.  
A 3-cm transverse collar incision was performed 

below the cricoid cartilage around the second to 
fourth tracheal rings. First, the platysma was cut, and 
the strap muscles were separated in the midline. 
Afterward, the thyroid isthmus was cut with 
LigaSure, and then, the second, third, and fourth 
tracheal rings were exposed. A vertical tracheotomy 
was performed through the second, third, and fourth 
tracheal rings. Ventilation was then shortly ceased to 
avoid viral spreading as much as possible. After that, 
the endotracheal tube was quickly taken out, and a 
tracheostomy tube was inserted into the trachea. The 
tracheostomy tube cuff was then inflated 
appropriately and the tube was fixed and connected 
to the ventilator to continue mechanical ventilation. 
Next, an antimicrobial filter was placed in between 
the tracheostomy and ventilator connecting tubes to 
minimize viral contamination. Finally, the wound was 
repaired with two 3-0 nylon sutures, and the 
tracheostomy tube was fixed in place with its tape 
and two nylon sutures. 

 
3.6. Percutaneous Dilational Tracheostomy  

Before the procedure, the patient was sedated 
with 0.3 to 0.35 mg/kg midazolam, 0.1 mg fentanyl, 
and 0.2 mg/kg cisatracurium. First, the ventilator was 
set up to provide a respiratory rate of 
15 breaths/min, a tidal volume of 500 ccs, and a 
positive end‐expiratory pressure of 5 cm H2O. The 
patient was then oxygenated with 100% FIO2 for a 
few min before switching off the ventilator. After that, 
the endotracheal tube was pulled back and located 
proximal to the planned site (usually below the 
second ring) of needle insertion. The introducer 
needle was then entered into the tracheal lumen from 
the anterior part of the trachea. Finally, an 
appropriate skin incision was made, and a 
tracheostomy tube was inserted by the Seldinger 
technique. 

 
3.7. Statistical Analysis 

Data were gathered and analyzed using the SPSS 
software (version 23, IBM Inc., Chicago, IL, USA). 
Qualitative variables were reported as percentages 
and compared by the Chi-square test. On the other 
hand, continuous variables were reported as 
mean±SD. Regarding normal distribution, quantitative 
variables were compared using t student test, with 
the statistical significance fixed at 0.05. 

 

4. Results 

4.1. COVID-19 Patients 
From February 2020 to May 2021, a total of 7,748 

COVID-19 patients were admitted to Masih 
Daneshvari Hospital (Tehran, Iran). Among all 
hospitalized patients, the ICU admission rate was 
12.7% (n=990), and the intubation rate was 5.13% 

https://www.worldometers.info/coronavirus/
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(n=398). Tracheostomy was also performed for 
0.46% (n=36) of all COVID-19 patients. Among all 
COVID-19 patients admitted to ICU, tracheal 
intubation was performed on 40.3% and 
tracheostomy on 3.6% (Figure 1).  

During 16 months of follow-up, the tracheostomy 
rate was in the range of 0.1% to 1.45%. Indeed, 
tracheostomy was performed on a total of 36 patients 
for prolonged intubation. In total, 58.3% of patients 
(n=21) were male with an average age of 
58.33±15.78 years, and 41.07% were female with a 
mean age of 64.67±8.6 years. There was no 
significant difference between both genders 
regarding their age (P=0.56).  

The outcome was patient improvement or death. 
Overall, the mortality rate was 34.24% among 
patients in ICU and 72.2% among intubated patients 
requiring tracheostomy; otherwise (when 
tracheostomy was not performed), it was 68.72%. In 
the tracheostomy group, the mean age was 
50.67±18.18 and 62.2±12.51 years in the survived 
and expired cases, respectively (P=0.038). 
Moreover, 27.3% of male patients and 23.1% of 
female patients survived (P=0.55) (Table 1). 

Mucus plaque was the main complication after 

tracheostomy tube insertion. Tracheostomy site 
bleeding was reported only in one patient’s fistula, 
and infection was not reported at all. The mean time 
for tracheostomy was 18.57±5.9 and 19.5 ±0.7 days 
in the surgical tracheostomy and PDT, respectively, 
after hospital admission. Additionally, the time from 
tracheal intubation to tracheostomy was 11.5±5.6 
and 8.7±2.4 (P=0.302). Moreover, the mean 
procedure time was 33±15 and 20±12 min in surgical 
and PDT, respectively. (P=0.42). 

Post-tracheostomy mechanical ventilation 
duration was 11.20±8.7 and 14.60±5.9 days in 
surgical and PDT, respectively (P=0.49). Duration 
from tracheostomy to decannulation in surgical and 
PDT was 10.5±4.9 and 6±1.4 days, respectively 
(P=0.34). 

From the outcome point of view, 24% of patients 
in the surgical method and 33.3% of those in the PDT 
group survived (P=0.44) 

 
4.2. COVID-19 vs Non-COVID Tracheostomy 

The mean age in all COVID-19 and non-COVID 
patients who had undergone tracheostomy was 
59.54±15.05 and 50.20±26.92, respectively (P=0.22). 

From a gender point of view, the percentage of 

 
 

 
 

Figure 1. Rate of tracheostomy in hospitalized COVID-19 patients 

 
Table 1. Demographic characteristics of patients 

 
 

Expired Cases Survived cases 

All COVID-19 patients 
(n=7748) 

No 808 6940 
Age, year 66.04±14.8 54.31±17.02 
Male, % 64.10% 54.80% 

ICU admitted COVID-19 patients 
(n=987) 

No 651 336 
Age, year 57.14±17.88 65.93±14.9 
Male, % 66.70% 64.30% 

Intubated COVID-19 patients 
(n=398) 

No 341 57 
Age, year 64.83±15.18 56.28±18.6 
Male, % 63.90% 68.40% 

Tracheostomy COVID-19 patients 
(n=36) 

No 27 9 
Age, year 62.2±12.51 50.67±18.18 
Male, % 59.30% 66.70% 

Non-COVID Tracheostomy 
(n=10) 

No 2 8 
Age, year 72.5±21.9 52.5±28.5 
Male, % 50% 50% 

ICU: Intensive Care Unit 
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male patients was 62.9% and 66.7% in COVID-19 and 
non-COVID groups, respectively (P=1).  

The mortality rate was 72.2% in COVID-19 
patients and 20% in non-COVID ones (P=0.003). 

The time from tracheal intubation to 
tracheostomy was 9.4±4.2 and 15±5 in COVID-19 and 
non-COVID patients, respectively (P=0.007). 

Regarding tracheostomy technique, surgical 
tracheostomy was performed for 26.5% of COVID-19 
patients, while in non-COVID patients, the rate of 
surgical tracheostomy was 40% (P=0.5). 

 

5. Discussion 

This report on the rate of tracheostomy in 
different time points found various rates of 
tracheostomy ranging from 0.1% to 1.45% in the 
admitted patients during 16 months of follow-up. 
Some items that could influence the rate of 
tracheostomy include different demographic 
characteristics of the admitted patients, the 
improvement of the proposed experiences in 
managing critically ill patients, different scenarios of 
the disease, changes in the treatment options, and 
hospital bed occupancy rate. Indeed, in the COVID-19 
pandemic, tracheostomy is an inevitable and 
essential procedure for patients requiring prolonged 
tracheal intubation and in the case of laryngeal 
edema (11). Furthermore, providing tracheostomy is 
considerable to manage both equipment and human 
resources and reduce the risk of ventilator-associated 
pneumonia, as well as the duration of sedation (12). 
As Martin‑Villares et al. pointed out, tracheostomy 
could be effective for both weaning and 
decannulation of COVID-19 patients (4); therefore, 
making decisions regarding this high-risk procedure 
is very important.  

Recently, Morvan et al. stated that “PDT is 
associated with a better risk/benefit in terms of 
speed and safety” while some reports argue that 
surgical tracheostomy is preferable to percutaneous 
cricothyrotomy because of the ability for an air-flow 
cessation to prevent secretion emission (13). The 
present study showed that both PDT and surgical 
tracheostomy are feasible with the same outcomes. 

In the center under study, 12.7% of all COVID-19 
positive patients were admitted to ICU while in a 
study conducted on 1,099, only 5% of them were 
admitted to ICU (14). Moreover, 5.13% of all 
hospitalized patients underwent tracheal intubation, 
and 0.46% of them required tracheostomy. 
Differently put, among all ICU admitted patients, 
3.64% underwent tracheostomy for prolonged 
intubation. Bellani et al. analyzed data from 50 
countries and revealed that tracheostomy was 
performed in 13% of patients (15). In this regard, 
there is a wide range of 2.3% to 42% invasive 
ventilation in COVID-19 patients (16). In a 
retrospective report from China, 26% of all 

hospitalized COVID-19 patients were admitted to ICU 
due to respiratory distress, and 12% of all COVID-19 
hospitalized patients in New York City required 
tracheal intubation with more than 80% mortality 
after invasive mechanical ventilation (17). The 
present study indicated a mortality rate of 68.72 % 
among intubated patients since only 5.13% of all 
COVID-19 patients underwent intubation. In a report 
from the early stages of the pandemic, 62.1% of 
patients who required high oxygen were intubated 
with a mortality rate of 57.3%. (18). A death rate of 
24.3% and 9.7% have been stated when the 
intubation rate was 37.1% and 17.2%, respectively 
(19)(20). The intubation rate of patients in this study 
was 5.6 times less than that indicated in a systematic 
review (28%). Therefore, the pooled mortality rate of 
14% was in line with the present study (21) since in 
the center under study, NIV is recommended rather 
than early intubation (22).  

It is worth mentioning that in the center under 
study, bronchoscopy was omitted during PDT with no 
inconvenience. Although more views created by 
bronchoscopy resulted in a more accurate process, 
PDT via bronchoscopy increases the risk of high 
exposure to aerosolized particles and viral secretions 
during the manipulation of airways (23).  

Previous studies found a survival rate of less than 
20% (24) when mechanical ventilation was a part of 
the treatment approach. In the center under study, 
however, 27.8% of patients who required 
tracheostomy survived. As data obtained from non-
COVID indicated, after performing tracheostomy, the 
mortality rate in COVID-19 was about 3.6 folds, 
compared to non-COVID patients.  

While mucous plug was common, bleeding was 
reported in only one patient. Other complications, 
such as cuff rupture or leakage, pneumomediastinum, 
and massive bleeding from the tracheostomy site, 
were not observed. In some studies, these 
complications have been reported from 0.05% to 5% 
(intra-operative bleeding), 0.05% (cuff leakage), 
0.05% (pneumothorax) (25),(11). In this study, an 
antithrombotic regimen was used as prophylaxis of 
micro and macro thrombosis to prevent venous 
thromboembolism, which was reported in 27.9% of 
critically ill COVID-19 patients (26). In the center 
under study, all tracheostomies for COVID-19 were 
provided by intensive care specialists or thoracic 
surgeons, and as Yu Chow et al. (27) stated, it is 
recommended that experienced ICU specialists, as 
well as head and neck or thoracic surgeons, perform 
tracheostomy. 

Special protection after tracheostomy is 
mandatory considering the high risk of virus 
spreading when patients with tracheostomy are not 
decannulated or weaned from mechanical ventilation 
and viral transmission via tracheal secretions 
through the stoma. In the center under study,  
an antimicrobial/antiviral ventilator filter was  
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Figure 2. Trend of intubation in COVID-19 patients. A: Trend of changes over time (16 months) respecting ICU 
admission, ICU mortality, and intubation rate. B: Daily infected patients, according to the Worldometer data [29] 

 
connected to the tracheostomy tube to prevent more 
contamination (28).  

Patient management has been improved in the 
center under study, and the consideration of specific 
pathways of hyper-inflammation, as well as 
microvascular thrombosis associated with COVID-19, 
may have had a high impact on the reduction of 
mortality rate. Notwithstanding the increase in the 
novel coronavirus daily cases during this period, the 
ICU admission rate did not follow this pattern. Indeed, 
respiratory failure was managed using intravenous 
immunoglobulin, pentaglobin, hemoperfusion, 
plasmapheresis, and cell therapy. In newly admitted 
patients requiring oxygen therapy through NIV or 
high flow nasal cannula, Tocilizumab, an IL-6 
inhibitor, was administered. Therefore, as Figure 2 
illustrates, both intubation and ICU mortality rates 
have a declining trend.  

 

6. Conclusion 

This study has several limitations regarding data 
collection. Firstly, the hospital information system 
was used to access COVID-19 patients’ records and 
procedures; therefore, in case of any errors in 
entering the procedure’s code, the patient was lost. In 
addition, the study is institute-based and single-
center, which impacts the level of evidence. Since in 
some centers, tracheostomy is delayed till the PCR 
test for COVID-19 turns negative, medical staff should 
be ready for managing tracheal stenosis patients 
immediately. Therefore, it is recommended to try and 
reduce this complication and properly inform 

patients at the risk of stenosis.  
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