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Abstract 

 
The COVID-19 pandemic has led to an unprecedented increase in the number of critically ill patients 

requiring mechanical ventilation. Tracheostomy played an important role to wean off the patients 

from ventilator support and maximize the resources. Tracheostomy is an aerosol generating 

procedure (AGP) which raised some controversial issues as it carries a risk of infection to healthcare 

workers.  This study aims to review the issues related to tracheostomy procedure in COVID-19 

patients, including the appropriate time to perform tracheostomy, criteria for patient selection, safer 

approach and risk of infection among healthcare workers. Related information retrieved via online 

search of original articles, paper reviews, recommendations and guidelines from PubMed, Medline 

and Google Scholar using keywords tracheostomy, COVID-19, intensive care and mechanical 

ventilation are summarized in this article. The suggested time frame to perform tracheostomy ranged 

from 7 to 21 days. Early tracheostomy performed between day 10 to 14 had beneficial outcome for 

the patients and helped to reduce ICU occupancy. Decision for appropriate timing was made after 

considering the viral load and the course of the disease. Criteria for patient selection based on 

suggestions from studies and guidelines were lower oxygen requirement (FiO2<0.4, PEEP< 10), 
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low Sepsis Related Organ Failure (SOFA) scores, ventilation for at least 10 days and signs of 

improvement. Patient factors, availability of facilities and expertise were important criteria for 

decision to undertake tracheostomy. The patient outcomes from tracheostomy varied between 

centers. Most of the studies reported that none of the healthcare workers had been infected by 

utilizing appropriate PPE and by taking important precautions during the procedure. In conclusion, 

guidelines were established for tracheostomy procedure during COVID-19 but the decision to 

undertake the procedure still depend on a case by case basis.   

 
Keywords: tracheostomy, COVID-19, intensive care, mechanical ventilation 

 
1. Introduction 

 

Coronavirus Disease 2019 (COVID-19) which is caused by Severe Acute Respiratory Syndrome 

Coronavirus-2 (SARS-CoV-2) was first identified in Hubei China in December 2019 and has rapidly 

spread worldwide (Guan et al., 2020). Due to the rapid increase in the  number of cases globally, 

the World Health Organization (WHO) declared the COVID-19 as a pandemic in March 2020 

(WHO, 2020a). Up to November 2020 about 55.6 million COVID-19 cases have been reported with 

35.8 million cases recovered and 1.34 million deaths.  

 

The presentation of patients infected with SARS-CoV-2 varies from asymptomatic, mild to severe 

illness. Most of the young and healthy patients were asymptomatic or presented with mild to 

moderate illness and recovered without requiring any treatment.  However, high-risk patients 

especially elderly with multiple co-morbidities such as diabetes, hypertension, chronic respiratory 

disease and immuno-compromised conditions usually presented with severe symptoms which 

required special treatment and admission to intensive care unit (ICU). Since the rapid increase of 

COVID-19 cases globally, health facilities and health care workers  have been overwhelmed by the 

large numbers of emergency visits, hospitalizations and intensive care admissions (Giacomo et al., 

2020). Abate et al. reported from their systematic review about 32% of COVID-19 patients were 

admitted to ICU (Abate et al., 2020). The increasing number of COVID-19 admissions to ICU will 

overload the work burden of medical professionals and they are faced with the difficult situations to 

manage many critically ill patients. 

 

Elective tracheostomy is a common procedure performed for ICU patients to wean them off from 

mechanical ventilation thereby allowing for availability of ICU beds. Tracheostomy is indicated for 

patients on prolonged ventilation to prevent complications due to orotracheal ventilation such as 

tracheal stenosis, and for management of secretions. However, tracheostomy surgery is an aerosol 

generating procedure (AGP).  Thus, during COVID-19 pandemic, healthcare workers involved in 

undertaking the procedure are at risk of exposure to SARS-CoV-2 transmission. The risk of infection 

does not only pertain to the operating surgeon but it also involves all team members in the procedure 

room and post-operative care team. SARS-COV-2 virus have been known to be transmitted through 

droplets and fomites. Hence there is a potential risk of virus transmission via miniscule aerosols 

during various medical procedures causing airborne transmission (WHO, 2020b; Bourouiba, 2020; 

Doremalen et al., 2020; Wang W. et al., 2020).  “Airborne transmission” refers to transmission of 

infection via small (< 5-10um) inspirable aerosols over extensive distances, whereas “droplet 

transmission” refers to transmission of infection by (larger) aerosols over short distances directly 

from the infected person to the susceptible person (Tellier et al., 2019; Jones & Brosseau, 2015).  
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In view of the controversial issues regarding tracheostomy procedure in COVID-19 patient, the 

surgical team need an appropriate and careful plan to ensure staff safety and patient benefits. The 

purpose of this review is to collate information from available guidelines and recommendations and 

retrieve relevant information from original studies regarding the optimal timing to perform 

tracheostomy, criteria for patient selection, information regarding the approach, important steps and 

precautions during the procedure, post-operative care and patients’ outcome. 

 

2. Methodology 

 

We performed a narrative review of the issues related to tracheostomy procedure in COVID-19 

patients which included the appropriate time to perform tracheostomy, criteria for patient selection, 

approach for tracheostomy procedure, precautions during procedure, post-operative care, patient’s 

outcome and risk of infection among healthcare workers. Relevant information was retrieved via 

online search of original articles, paper reviews, recommendations and guidelines from PubMed, 

Medline and Google Scholar using the keywords tracheostomy, COVID-19 or SARS-COV-2, 

intensive care and mechanical ventilation. Full articles including recommendations, guidelines, 

reviews and original studies published in English were obtained and reviewed.  All the relevant 

information were retrieved, reviewed and summarized.  

 

3. Results 

 

Timing of Tracheostomy 

 

Timing to perform tracheostomy was deliberated even before the COVID-19 pandemic. There were 

unclear definitions for early and late tracheostomy with poor prediction of patients who will require 

long-term ventilation. Definitions of early and late tracheostomy were inconsistent among authors 

resulting in some overlap between the categories. Early tracheostomy is defined as intubation of 

patient 10 days or less, while late tracheostomy is defined as more than 10 days (Andriolo et al., 

2015). Randomized data from Terragni et al. (2010) suggested that earlier tracheostomy (within a 

mean of seven days after intubation) resulted in early weaning from the ventilator and shorter ICU 

stay. However, there was no difference in terms of 30-days mortality compared with late 

tracheostomy (Terragni et al., 2010).  

 

For COVID-19 patients, several factors need to be considered before deciding the appropriate timing 

to do tracheostomy. The factors include risk of infection to the healthcare workers, viral load and 

the disease progression. The patient’s viral load reduces with time and this decreases the risk of 

infectivity. The median time from SARS-CoV-2 exposure to onset of symptoms is approximately 

five days (range 4–14)(Guan et al., 2020; Wang D. et al., 2020). SARS-CoV-2 viral load or 

infectivity is normally high around the time of onset of symptoms, as shown by polymerase chain 

reaction (PCR) test of viral radionucleic acid (RNA) from upper respiratory tract sample.  The viral 

load showed decreasing numbers three to four days after onset of symptoms (Zou et al., 2019). 

Therefore, the authors suggested to delay tracheostomy until after day ten when the viral load starts 

to decrease. Delaying the tracheostomy also allows for the patient to be observed further so that 

patients with high probability of survival will be selected for tracheostomy to avoid unnecessary 

procedure (Hamilton, 2020). This factor is important since unnecessary tracheostomy in COVID-

19 patients will increase the risk of exposure to healthcare workers. Delayed tracheostomy patients 

are more stable and are able to withstand the critical issue of apnea or hypoxia period, which occur 

during the tracheostomy procedure. 
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Delayed tracheostomy, however, may deprive the patient therapeutic window and this may lead to 

complications due to prolonged orotracheal intubation. Moreover, continuous increase in number of 

COVID-19 cases overwhelms the ICU occupancy and bed availability. Thus, some centers would 

still consider opting for early tracheostomy that may help in early weaning of ventilation and earlier 

discharge of patients from ICU. Hence, the appropriate or optimal time for tracheostomy procedure 

still depends on case-by-case basis and the center’s guidelines. Surgeons need to consider potential 

risks and benefits for the individual patient, risk of exposure to healthcare workers and availability 

of resources.  

 

Based on past experience from MERS and SARS-CoV, during the early phase of COVID-19 

pandemic most of the guidelines and recommendations suggested to delay tracheostomy procedure 

till 21 days post intubation. Ministry Of Health (MOH) Malaysia also suggested to perform 

tracheostomy after 20 days post intubation in confirmed COVID-19 patients. There will be an  

exclusion in the case that tracheostomy cannot be delayed, whereby it will be done within 20 days 

with adequate PPE (Ministry of Health, 2021). However, when the number of cases and requirement 

for ICU admission increased, the practice was changed in some centers to perform tracheostomy 

either less than 10 days or between 10 to 14 days. Various studies reported different timing for 

performing tracheostomy with inconsistent outcomes. The studies and findings are summarized in 

Table 1. 
 

Patient Selection and Indications 
 

During the early phase of COVID-19 pandemic, the literature reported that most of the ventilated 

patients had poor prognoses with few numbers of survival and successful extubation (Yang et al., 

2020; Zhou et al., 2020). Studies from United States reported that patients who required ventilation 

had 88% mortality rate (Richardson et al., 2020). However, there were reports of a few groups of 

ventilated patients who were able to survive up to 31 days which suggested that these patients may 

benefit from tracheostomy procedure to facilitate weaning from the ventilators (Fan et al., 2020). A 

study reported that among non- COVID-19 patients who underwent tracheostomy after prolonged 

ventilation, at least half of them did not survive for more than 1 year and less than 12% were 

functionally independent (Vargas & Servillo, 2020).  The same may be true for COVID-19 patients; 

tracheostomy may not always benefit cases on prolonged ventilation. Identification and selection of 

patients for tracheostomy among COVID-19 patients are challenging decisions for the clinicians. 

They need to weigh between the patient’s short and long-term benefits and outcomes. Besides, the 

risks of transmission of infection among healthcare staff need to be considered. Thus, prognostic 

survival indicators is one of the criteria that should be considered in the evaluation of patient 

selection for tracheostomy. 

 

Mattioli F et al. (2020) suggested that tracheostomy should be performed in patients still distant 

from the weaning target after day seven. However, there was a lack of data regarding this practice. 

High SOFA (Sepsis related Organ Failure Assessment) scores can be used as additional critical 

outcome scores to identify those COVID-19 patients who are too ill to benefit from further 

interventional procedure (Vincent et al., 1996). Volo T et al. (2020) also suggested that for patients 

with high SOFA scores of more than 6 and D-Dimer levels more than 4, tracheostomy should be 

avoided or postponed. Prabhakaran et al. (2020) performed tracheostomy in selected patients with 

14 days of intubation and minimal extrapulmonary disease, were hemodynamically stable without 

acceleration of cytokine  storm, projected post tracheostomy ventilation and survival for another 
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two weeks and no longer requiring the prone position. Reduced requirement for oxygenation such 

as low FiO2 (< 0.4-0.6) and positive end-expiratory pressure less than 10-12 cmH2O is one of the 

selection criteria for tracheostomy (Breik et al., 2020; David et al., 2020; Ward & Collier, 2020). 

Most of the authors also suggested that patients who are unlikely to require the prone position more 

than 72 hours as a criterion for tracheostomy. The prone position might cause dislodgement of the 

tracheostomy tube. Other additional criteria that have been suggested include normal lymphocytes 

count and normal coagulation profile (Breik et al., 2020; Ward & Collier, 2020). 

 

The above criteria can be used as a reference to guide surgeons or intensive care doctors when 

selecting patients for tracheostomy.  However, the final decision will depend on patient-to-patient 

basis and the agreement of the surgical team. 

 

 

Table 1: Summary of study findings on different timing and outcomes of tracheostomy 

Study Method Duration n Timing for tracheostomy and 

outcomes 

Chao et al., 

Sept 2020 

(Philadelphia, 

Pennsylvania)  

 

 

Prospective 

multi-center 

observational 

cohort 

Not 

mentioned 

53 

 

 

 

 

 

 

Time: The average time of 

intubation before tracheostomy 

was 19.7 (SD= 6.9) days with a 

range of 8–42 days 

 

Outcome: 

- Thirty (56.6%) 

patients were liberated 

from the ventilator 

after tracheostomy 

- Of these patients, the 

average time of 

intubation before 

tracheostomy was 

17.5 (SD= 4.9) days 

(range 8 – 30 days) 

- 16 (30.2%) patients 

have been discharged 

alive  
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Bassily-Marcus et al. 

Aug, 2020 

(New York)  

Retrospective  1 month 

(1 – 30 April, 

2020) 

111 

 

 

 

 

 

 

Time: Median time from trans-

laryngeal intubation to 

tracheostomy was 11 days. 

 

Outcome:  

- 66 (59%) patients 

were discharged alive 

- 41 (37%) patients 

expired 

- Remaining four (4%) 

patients were weaned 

from mechanical 

ventilation but still 

hospitalized 

Volo et al., 

Jul, 2020 

(Italy)  

Retrospective 2 months 

(22 Feb - 26 

April 2020) 

 

23 

 

 

 

 

 

 

Time: The average time 

between the intubation date 

and the tracheostomy date was 

13 days. 

 

Outcome:  

- The mortality rate of 

COVID-19 patients 

admitted to ICU that 

underwent 

tracheostomy was 

18% 

- 6 (66.7%) 

tracheostomies were 

performed early and 3 

(33.3%) late (early ≤ 

10 days of intubation, 

late > 10 days of 

intubation) 
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Breik et al., August, 

2020 

(United Kingdom)  

Prospective 1 month 10 

days 

(9 March- to 

21 April 

2020) 

100 

 

 

 

 

 

 

Time:  

- Nine patients 

underwent 

tracheostomy before 

10 days, 

- 55 between 10 and 14 

days 

- 36 after 14 days of 

intubation.  

Outcome: 

- There was no 

difference in survival 

between those 

undergoing 

tracheostomy before 

or after day 10 (11% 

vs 15%, respectively), 

or before or after day 

14 (19% vs 12%, 

respectively).  

- Findings also suggest 

that tracheostomy at 

14 days compared to 

tracheostomy at >14 

days, was associated 

with shorter periods 

of ventilation and ICU 

stay 

Glibbery et al. 

August, 2020 

(United Kingdom)  

Prospective 2 months 5 

days 

(15 March -

20 May 

2020) 

 

28 Time: 

- The mean time from 

intubation to 

tracheostomy 

formation was at 17.0 

(SD 4.4) days, with a 

range of 8-26 days of 

mechanical 

ventilation; 

- 19 (67.9%) 

tracheostomies 

performed after day 

14 

 

 



Ulum Islamiyyah Journal  | Special Issue: Healthcare in Pandemic Era: “The New Norm” Vol.2 

 

 
58 

 

Outcome: 

- The mortality rate for 

patients who 

underwent 

tracheostomy was 7.1 

per cent 

- Patients who did 

tracheostomy on day 

14 or earlier had 

earlier weaning from 

mechanical 

ventilation, 

decannulation and 

intensive care unit 

stepdown compared to 

tracheostomy done 

after day 14 

 

≤ 14 days: mean time from 

intubation to weaning from 

mechanical ventilation, 

decannulation and intensive 

care unit discharge was 22.2 

(SD= 5.4) days, 24.9 (SD= 4.6) 

days and 27.7 (SD=  7.2) days, 

respectively. 

 

> 14 days: mean time from 

intubation to weaning from 

mechanical ventilation, 

decannulation and intensive 

care unit discharge was 33.6 

(SD= 12.5) days, 36.0 (SD= 

12.4) days and 39.7 (SD=  

13.4) days, respectively 

 

Martin-Villares et al. 

August 2020 

(Spain) 

Prospective 

(120 

hospital) 

1.5 months 

28 March- 15 

May, 2020 

1890 

 

 

 

 

 

 

 

 

 

 

Time: 

- 4.6% of COVID-19 

patients (88 of 1890 

patients) underwent 

tracheostomy at a 

very early stage 

within 7 days 

- The median time of 

tracheostomy was 12 

days after intubation; 

(range 4-42 days) 
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Outcome: (1616 /1890 patients 

were on follow up) 

- The overall COVID-

19-associated 

mortality at the time 

of reporting was 

23.7% (n=383/1616) 

- 24.2% (n=391/1616) 

were still under 

mechanical 

ventilation at the cut-

of time 

- 52.1% (n=842/1616) 

of patients undergoing 

tracheostomies 

weaned off the 

ventilator with 

decannulation 

achieved about 81% ( 

n=683/842) 

-  

Hamilton, September 

2020 

(United Kingdom)  

Prospective 

survey 

1 month 

6 April - 11 

May 

564 

 

 

 

 

 

 

 Time: 

- 82% cases performed 

at 10 days or more 

and 69% of cases 14 

days and more 

 

Outcome: 

- Mortality rate 12% 

(n=62/530) 

- 52% (n=219/465) 

alive and weaned off 

from ventilation 

- 38% (n=169/450) 

discharged from 

intensive care 
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Botti et al. 

Oct 2020 

(Italy)  

Retrospective 2 months   

1 March - 30 

April 2020 

44  Time: 

- Median time from 

orotracheal intubation 

to surgery was 7 

(range 2-17) days  

  

Outcome: 

- Fifteen (34.1%) 

patients died during 

the follow-up period  

- Mean duration of ICU 

stay for tracheostomy 

patient was 22 days 

(range 10-67 ) 

 

 

 

Approach for tracheostomy procedure: Surgical versus Percutaneous 

In terms of approach to perform tracheostomy, both surgical tracheostomy (ST) and percutaneous 

tracheostomy (PT) have their own advantages and disadvantages. Kidane et al., 2018 compared ST 

and PT before the COVID-19 pandemic showed that PT had less complications compared to ST. 

They also found out that ST had more risks for tracheal stenosis and scarring. 

 

However, there are insufficient clinical trials comparing the two procedures during the COVID-19 

pandemic. Nevertheless, data about air sampling during ST and PT are not available from the 

literature. Chiesa-Estomba et al., (2020) reported from their systematic review of guidelines for 

tracheostomy in COVID-19 patients showed that six guidelines did not specify the types of 

tracheostomy recommended, three guidelines recommended open, one recommended percutaneous 

and six recommended for both (Chiesa-Estomba et al., 2020). 

 

Choices for types of tracheostomy used during COVID-19 pandemic depends on the individual 

patient’s clinical condition, surgeons’ experience or expertise and the availability of facilities. The 

operator will choose the approach that is convenient to them to secure the airway while considering 

the patient’s and staff’s safety. In centers that have intensivist expertise, they will use PT as an 

approach because it can be performed at the bedside. Time consumption for PT is relatively less 

compare to ST (Freeman et al., 2001). However, if the patient’s condition does not permit due to 

obesity with thick neck, presence of thyroid mass or swelling or high risk of bleeding, ST is preferred. 

PT also requires a special kit and it is quite costly in certain centers (Botti et al., 2020). 

 

PT requires extensive airway manipulation as it involves multiple serial dilatations with 

bronchoscopic assistance during entry of the trachea, and this exposes the surgeon in direct contact 

with the patient’s airway. These steps increase the aerosolisation risk compared to ST (Homer et al., 

2005; Chee et al., 2004). Bronchoscopy is often used in PT to help in identifying the insertion site 

and avoiding penetration to the posterior tracheal wall. However, there is lack of evidence to suggest 

that its use will decrease the number of complications during tracheostomy (Raimondi et al., 2017).   
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Listed in Table 2 are some of the suggested guidelines for bronchoscopy that can be applied during 

the COVID-19 pandemic (Michetti et al., 2020): 

 

Table 2: Proposed guidelines for bronchoscopy 

 

Proposed guidelines 

1. Experienced operators try to avoid using the bronchoscope. They can palpate and feel the 

trachea using the fingers while the endotracheal tube (ETT) have been withdrawn or place the 

needle blindly using aspiration of air or bubbles in a fluid-filled syringe 

2. Replace bronchoscope with ultrasound guided dilatation which most have reported as non-

inferior to bronchoscopic techniques 

3. If available, try to use disposable or single-use bronchoscopes. 

4. If bronchoscope is needed, advance the ETT distally near carina with the cuff inflated and 

the bronchoscope is inserted along the side of ETT to minimize aerosolisation and to guide 

percutaneous puncture 

 

 

Bassi et al. (2020) concluded that both PT and ST could be performed safely with minimal 

aerosolisation spread if the suggested precautions are strictly followed. Surgeons should pay 

attention to the important particular steps suggested to reduce the time of exposure to aerosol. 

 

 

Precautions during tracheostomy procedure 

 

Surgeon and staff who are involved in performing the tracheostomy need to take extra precaution 

before, during and after the procedure. It is essential for each center to have their own dedicated 

team to perform tracheostomies during the COVID-19 pandemic since the group’s experience and 

training will help to shorten the procedure time and adhere to contamination precautions (Tay et al., 

2020). Tracheostomy team need to include experienced surgeons with their assistants, intensivists, 

anesthesiologist and trained staff nurses.  The number of persons involved in each procedure needs 

to be limited to four or five personnel. Before the procedure they need to organize a briefing and 

discuss about the steps so that everyone is aware of their respective roles by making sure that all the 

important steps and work flow will be conducted smoothly (Li et al., 2020). 

 

Considering healthcare workers’ safety during tracheostomy procedure, there is a need to use third 

level protection measure with addition of a powered air-purifying respirator (PAPR) (Chun-hui et 

al., 2020). However, centers without PAPR equipment, there is a need to apply second level 

protection measure which consists of N95 or FFP3 mask, face shield, goggles, head cover including 

neck protection, water impermeable overall gown, shoes’ cover and use double gloves. To prevent 

repetitive connection and disconnection of the ventilation machine and minimize potential 

contamination to other patients during transportation, it is suggested that the tracheostomy procedure 

be performed at the bedside in ICU (Panuganti et al., 2020). Some centers that can prepare operation 

room with negative pressure airborne infection isolation room (AIIR) for COVID-19 cases only 
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with proper area for transportation preferred to do open tracheostomy in the operation theater with 

a suitable environment.  If no AIIR is available, avoid being in  the operation room for up to 3 hours 

due to persistence of viable virus in the aerosol (Doremalen et al., 2020). 

 

From previous experience during SARS-COV-1, guidelines suggested the administration of  

systemic paralytic agent to paralyze the patient totally during the time of tracheal incision and 

endotracheal tube exchange to minimize or avoid coughing (Kwan et al., 2004). Coughing during 

the procedure can aerosolise droplets and might risk exposing healthcare workers to infection. 

During the procedure, surgeons are also advised to avoid using electro cautery and direct suctioning 

to prevent aerosolisation of viral particles (Panuganti et al., 2020; Wei et al., 2003). Direct 

communication between the surgeon and anesthetist teams is very important during open 

tracheostomy procedure. Ventilation needs to be held with ETT cuff deflated before the tracheal 

incision is made (David et al., 2020; JR & S, 2020). After tracheostomy tube has been inserted, the 

tube will be connected to the ventilator using viral filter (Zucco et al., 2020; Wax & Christian, 2020; 

Chen et al., 2020).   

 

Post procedure, the most important step is the careful removal of PPE by following the Centers for 

Disease Control (CDC) prevention  protocol to avoid contamination (CDC, 2020). CDC 

recommended that a personnel  should be specifically designated to monitor and supervise this step 

(Tay et al., 2020).  

 

Post-operative care 

 

Precautionary steps for COVID-19 patient with tracheostomy need to be continued till post- 

operative care. Trained and experienced staffs are needed to manage the patient post-operatively 

(McGrath et al., 2020). Avoid any unnecessary airway interventions that can generate aerosol spread 

from patient. Level II protective measure is needed during handling the patient.  Suctioning device 

need to be in a closed circuit system. If the patient is not connected to ventilation device, use of viral 

filter heat and moisture exchanger is needed. Authors suggested to delay first changing of 

tracheostomy in COVID-19 patient if not clinically indicated until the patient is considered non-

infectious (Harrison et al., 2020). There are various recommendations for the time of first changing 

of tracheostomy that ranges from day 7 to day 30 post operation. Some centers may consider early 

tracheostomy changing in view of the risk of tracheal injury that can lead to tracheal stenosis by 

replacing the cuffed with an uncuffed one while other centers suggested for delayed changing due 

to the risk of infection to healthcare workers (Chiesa-Estomba et al., 2020). MOH Malaysia 

suggested in their latest guidelines to delay the first tracheostomy tube change at 8-10 days and 

donning a full PPE. They also suggested to prepare the “Tracheostomy Grab Bag” that comprise of 

tracheal dilator, headlight, sterile gloves, cuffed non-fenestrated tracheostomy tube of appropriates 

size and heat and moisture exchange filter (HMEF) nearby or at appropriate place that can be used 

during tracheostomy change or an emergency situation. The bag need to be checked and restocked 

regularly and made known by all members of the team (Ministry of Health, 2021). 

 

 

Patient Outcomes Following Tracheostomy 

 

Patient’s outcome is the most important parameter that need to be emphasized whether tracheostomy 

procedure is beneficial or not during COVID-19 pandemic. The mortality rate for patients with 

tracheostomy varies depending on the center. In August 2020, Tornari et al. reported having 5.1% 



Narrative Review of Tracheostomy Procedure during COVID-19 Pandemic 

 

 
63 

 

mortality rate from a total of 78 tracheostomies, of which 73 were percutaneous, 3 were hybrid 

procedures and 2 were open; with a median time of death about 16 days after intubation. About 5.1% 

(four) patients died before weaning of sedation due to COVID-19 disease. From survival group, 

48.6% of decannulated patients were decannulated in the ICU and 51.4% were decannulated 

following step-down to level 2 care. There was no instance of failed decannulation for respiratory 

reasons. About 23.2% of the patients were discharged from hospital. The median duration was  23.5 

days (ranging from 18.75–29.50 days) after tracheostomy (Tornari et al., 2020).  However, Zuazua-

Gonzalez, reported high mortality rate in their center with 56.7% deaths among the 30 

tracheostomised patients. They also noted that patients who had tracheostomy showed slow progress 

with prolonged ICU stay or hospitalization compared to those patients who did not have 

tracheostomy. The COVID-19 airway team at Queen Elizabeth Hospital at Birmingham reported 

high survival rate of about 85% with no difference between early (day 10 and less) and late 

tracheostomy (more than 10 days). They also suggested that tracheostomy performed on day 14 was 

associated with shorter period of ventilation and ICU stay (Breik et al., 2020). Yeung et al.(2020) 

and Glibbery et al. (2020) reported that 19% to 61.1% tracheostomised patients were weaned off 

from ventilation with mean time 10-22 days. COVID Trach Collaborative group reported about 52% 

of their patients were alive and weaned off from ventilation at median of 8 days and 38% were 

discharged from intensive care. They had 12% mortality rate among COVID-19 patients with 

median of 8 days (and range of 1- 21 days) (Hamilton, 2020).  Chao et al (2020) reported 11.3% 

mortality among 53 patients who underwent tracheostomy. About 56.6% of patients were weaned 

off from ventilation, with average time of tracheostomy to wean off ventilation was about 11.8 (SD= 

6.9; range 2-32) days. About 13.2% of the patients were successfully decannulated and 30.2% were 

discharged alive (Chao et al., 2020). From the above reports, we noted that some of the patients 

benefited from the tracheostomy and there was improvement in ICU capacities. 

 

Infected Healthcare Workers (Or Risk of infection among healthcare workers) 

 

In Wuhan and Italy, the reported rate of healthcare workers infected by SARS-COV-2 was  3.8% 

and 15% respectively (Wu & McGoogan, 2020; Doremalen et al., 2020). However, a recent study 

showed that with proper protective measure using PPE minimum level II and following important 

steps in the procedure, the risk of infection was lower. Queen Elizabeth Hospital Birmingham 

COVID-19 airway team reported that they performed about 100 tracheostomies on ICU COVID-19 

cases and none of the surgeons or staff were infected after two weeks post procedure (Breik et al., 

2020). Bassily-Marcus et al. (2020) also reported that none of their staff experienced COVID-19 

symptoms and all tested negative for antibodies. COVID Trach Collaborative, reported that none of 

their staff involved in performing the tracheostomy tested positive for COVID-19 within two weeks 

of the procedure. Performing early tracheostomy with median time of 11 days in 111 of COVID-19 

patients did not cause any viral transmission to the tracheostomy team as evident by lack of 

symptoms and negative antibody testing (Hamilton, 2020). All of the authors reported that their 

teams were compliant and followed the steps to mitigate risk of exposure to SARS-CoV-2 aerosol 

and infection. 

 

4. Conclusion 

 

Viral load, risk of infection to healthcare workers, patient’s disease progression, resources and 

facilities are among the factors that need to be addressed to decide the appropriate time to perform 

tracheostomy. Lower oxygen requirement (FiO2<0.4, PEEP< 10), low Sepsis Related Organ Failure 

(SOFA) scores, ventilation for at least 10 days and signs of improvement are criteria for patient 
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selection. The operation techniques depend on the surgeon’s preference and available resources and 

facilities. There are many guidelines published as a reference to guide the clinician regarding 

tracheostomy procedure involving COVID-19 patients.  However, the decision still depends on the 

multidisciplinary factors and are done on a case-by-case basis.  

 

References 

 

Abate, S. M., Ali, S. A., Mantfardo, B., & Basu, B. (2020). Rate of intensive care unit admission 

and outcomes among patients with coronavirus: A systematic review and Meta-analysis. PLoS ONE, 

15(7 July). https://doi.org/10.1371/journal.pone.0235653 

 

Andriolo, B. N., Andriolo, R. B., Saconato, H., Atallah, Á. N., & Valente, O. (2015). Early versus 

late tracheostomy for critically ill patients. Cochrane Database of Systematic Reviews, 2017(6). 

https://doi.org/10.1002/14651858.CD007271.pub3 

 

Bassi, M., Ruberto, F., Poggi, C., Diso, D., Anile, M., De Giacomo, T., Pecoraro, Y., Carillo, C., 

Pugliese, F., Venuta, F., & Vannucci, J. (2020). Is Surgical Tracheostomy Better Than Percutaneous 

Tracheostomy in COVID-19-Positive Patients? Anesthesia and Analgesia, 1000–1005. 

https://doi.org/10.1213/ANE.0000000000005100 

 

Bassily-Marcus, A., Leibner, E. S., & Kohli-Seth, R. (2020). Tracheostomy for Coronavirus Disease 

2019 Patients: Maintaining the Standard of Care. Critical Care Explorations, 2(8), e0190. 

https://doi.org/10.1097/cce.0000000000000190 

 

Botti, C., Lusetti, F., Castellucci, A., Costantini, M., & Ghidini, A. (2020). Safe tracheotomy for 

patients with COVID-19. American Journal of Otolaryngology - Head and Neck Medicine and 

Surgery, 41(4), 102533. https://doi.org/10.1016/j.amjoto.2020.102533 

 

Botti, C., Lusetti, F., Neri, T., Peroni, S., Castellucci, A., Salsi, P., & Ghidini, A. (2020). Comparison 

of percutaneous dilatational tracheotomy versus open surgical technique in severe COVID-19: 

Complication rates, relative risks and benefits. Auris Nasus Larynx, S0385-8146(20), 30296–0. 

https://doi.org/10.1016/j.anl.2020.10.014 

 

Bourouiba, L. (2020). Turbulent Gas Clouds and Respiratory Pathogen Emissions: Potential 

Implications for Reducing Transmission of COVID-19. JAMA - Journal of the American Medical 

Association, 323(18), 1837–1838. https://doi.org/10.1001/jama.2020.4756 

 

Breik, O., Nankivell, P., Sharma, N., Bangash, M. N., Dawson, C., Idle, M., Isherwood, P., Jennings, 

C., Keene, D., Manji, M., Martin, T., Moss, R., Murphy, N., Parekh, D., Parmar, S., Patel, J., Pracy, 

P., Praveen, P., Richardson, C., … Tasker, L. (2020). Safety and 30-day outcomes of tracheostomy 

for COVID-19: a prospective observational cohort study. British Journal of Anaesthesia, 125(6), 

872–879. https://doi.org/10.1016/j.bja.2020.08.023 

 

CDC. (2020). COVID-19: Guidance about Using Personal Protective Equipment. CDC. 

https://www.cdc.gov/coronavirus/2019-ncov/hcp/using-ppe.html 

 

Chao, T. N., Harbison, S. P., Braslow, B. M., Hutchinson, C. T., Rajasekaran, K., Go, B. C., Paul, 

E. A., Lambe, L. D., Kearney, J. J., Chalian, A. A., Cereda, M. F., Martin, N. D., Haas, A. R., Atkins, 



Narrative Review of Tracheostomy Procedure during COVID-19 Pandemic 

 

 
65 

 

J. H., & Rassekh, C. H. (2020). Outcomes After Tracheostomy in COVID-19 Patients. Annals of 

Surgery, 272(3), e181–e186. https://doi.org/10.1097/sla.0000000000004166 

 

Chee, V. W. Ter, Khoo, M. L. C., Lee, S. F., Lai, Y. C., & Chin, N. M. (2004). Infection control 

measures for operative procedures in Severe Acute Respiratory Syndrome-related patients. 

Anesthesiology, 100(6), 1394–1398. https://doi.org/10.1097/00000542-200406000-00010 

 

Chen, X., Liu, Y., Gong, Y., Guo, X., Zuo, M., Li, J., Shi, W., Li, H., Xu, X., Mi, W., & Huang, Y. 

(2020). Perioperative Management of Patients Infected with the Novel Coronavirus: 

Recommendation from the Joint Task Force of the Chinese Society of Anesthesiology and the 

Chinese Association of Anesthesiologists. Anesthesiology, Xxx, 1307–1316. 

https://doi.org/10.1097/ALN.0000000000003301 

 

Chiesa-Estomba, C. M., Lechien, J. R., Calvo-Henríquez, C., Fakhry, N., Karkos, P. D., Peer, S., 

Sistiaga-Suarez, J. A., Gónzalez-García, J. A., Cammaroto, G., Mayo-Yánez, M., Parente-Arias, P., 

Saussez, S., & Ayad, T. (2020). Systematic review of international guidelines for tracheostomy in 

COVID-19 patients. In Oral Oncology (Vol. 108). Elsevier Ltd. 

https://doi.org/10.1016/j.oraloncology.2020.104844 

 

Chun-hui, L., Xun, H., & Meng, C. (2020). Expert consensus on per- sonal protection in different 

regional posts of medical institu- tions during novel coronavirus pneumonia (COVID-19) epidemic 

period. Chin J Infect Control, 19(3), 1–15. 

 

David, A. P., Russell, M. D., El-Sayed, I. H., & Russell, M. S. (2020). Tracheostomy guidelines 

developed at a large academic medical center during the COVID-19 pandemic. Head and Neck, 

42(6), 1291–1296. https://doi.org/10.1002/hed.26191 

 

Doremalen, N. van, Bushmaker, T., Morris, D. H., Holbrook, M. G., Gamble, A., Williamson, B. 

N., Tamin, A., & Harcourt, J. L. (2020). Aerosol and Surface Stability of SARS-CoV-2 as Compared 

with SARS-CoV-1. N Engl J Med, 382(16), 1564–1567. 

 

Fan, H., Zhang, L., Huang, B., Zhu, M., Zhou, Y., Zhang, H., Tao, X., Cheng, S., Yu, W., Zhu, L., 

& Chen, J. (2020). Retrospective Analysis of Clinical Features in 101 Death Cases with COVID-

19. Epidemiology and Infection. https://doi.org/10.1101/2020.03.09.20033068 

 

Freeman, B. D., Isabella, K., Perren Cobb, J., Boyle, W. A., Schmieg, R. E., Kolleff, M. H., Lin, N., 

Saak, T., Thompson, E. C., & Buchman, T. G. (2001). A prospective, randomized study comparing 

percutaneous with surgical tracheostomy in critically ill patients. Critical Care Medicine, 29(5), 

926–930. https://doi.org/10.1097/00003246-200105000-00002 

 

Giacomo, G., Antonio, P., & Maurizio, C. (2020). Critical Care Utilization for the COVID-19 

Outbreak in Lombardy, Italy: Early Experience and Forecast During an Emergency Response. 

JAMA, 323(16), 1545–1546. 

 

 

 

Glibbery, N., Karamali, K., Walker, C., Fitzgerald O’Connor, I., Fish, B., & Irune, E. (2020). 

Tracheostomy in the coronavirus disease 2019 patient: Evaluating feasibility, challenges and early 



Ulum Islamiyyah Journal  | Special Issue: Healthcare in Pandemic Era: “The New Norm” Vol.2 

 

 
66 

 

outcomes of the 14-day guidance. Journal of Laryngology and Otology, 134(8), 688–695. 

https://doi.org/10.1017/S0022215120001759 

 

Guan, W., Ni, Z., Hu, Y., Liang, W., Ou, C., He, J., Liu, L., Shan, H., Lei, C., Hui, D. S. C., Du, B., 

Li, L., Zeng, G., Yuen, K.-Y., Chen, R., Tang, C., Wang, T., Chen, P., Xiang, J., … Zhong, N. 

(2020). Clinical Characteristics of Coronavirus Disease 2019 in China. New England Journal of 

Medicine, 382(18), 1708–1720. https://doi.org/10.1056/nejmoa2002032 

 

Hamilton, N. J. (2020). COVIDTrach; the outcomes of mechanically ventilated COVID-19 patients 

undergoing tracheostomy in the UK: Interim Report. The British Journal Of Surgery, 107(12), 

e583–e584. https://doi.org/10.1101/2020.05.22.20104679 

 

Harrison, L., Ramsden, J., Winter, S., Rocke, J., & Heward, E. (2020). Guidance for surgical 

tracheostomy and tracheostomy tube change during the COVID-19 pandemic.London.ENTUK. 

ENT UK. 

 

Homer C Tien , Talat Chughtai, Amit Jogeklar, Andrew B Cooper, F. B. (2005). Elective and 

emergency surgery in patients with severe acute respiratory syndrome (SARS). Can J Surg, 48(1), 

71-4. 

 

Jones, R. M., & Brosseau, L. M. (2015). Aerosol transmission of infectious disease. Journal of 

Occupational and Environmental Medicine, 57(5), 501–508. 

https://doi.org/10.1097/JOM.0000000000000448 

 

JR, L. H., & S, W. (2020). Guidance for Surgical Tracheostomy and Tracheostomy Tube Change 

during the COVID-19 Pandemic. ENT UK. 

 

Kidane, B., & Pierre, A. F. (2018). From Open to Bedside Percutaneous Tracheostomy. In Thoracic 

surgery clinics (Vol. 28, Issue 3, pp. 263–276). https://doi.org/10.1016/j.thorsurg.2018.03.001 

 

Kwan, A., Fok, W. G., Law, K. I., & Lam, S. H. (2004). Tracheostomy in a patient with severe acute 

respiratory syndrome. British Journal of Anaesthesia, 92(2), 280–282. 

https://doi.org/10.1093/bja/aeh035 

 

Li, T., Cao, Y., Weng, L., Fan, H., & Shi, J. (2020). Diagnosis and Clinical Management of 2019 

Novel Coronavirus (2019-nCoV) Infection: An Operational Recommen- dation of Peking Union 

Medical College Hospi- tal (V2.0). Zhonghua Nei Ke Za Zhi, 59(3), 186–188. 

 

Martin-Villares, C., Perez Molina-Ramirez, C., Bartolome-Benito, M., Bernal-Sprekelsen, M., 

Perez-Fernandez, A., Alcantara-Armenteros, S., Monjas-Cánovas, I., Sancho-Mestre, M., Alemán-

Lopez, O., Deola-Trasserra, M. D., Villarraga-Cova, V., Carreras-Alcaraz, A., Montaner-Sala, E., 

Sota-Eguizabal, E., Tolosa, A., De la Iglesia, B., Garcia-Sardon, R., Diez, L., Lehrer, E., … 

Gonzalo-Orden, M. (2020). Outcome of 1890 tracheostomies for critical COVID-19 patients: a 

national cohort study in Spain. European Archives of Oto-Rhino-Laryngology, 1–8. 

https://doi.org/10.1007/s00405-020-06220-3 

Mattioli, F., Fermi, M., Ghirelli, M., Molteni, G., Sgarbi, N., Bertellini, E., Girardis, M., Presutti, 

L., & Marudi, A. (2020). Tracheostomy in the COVID-19 pandemic. European Archives of Oto-

Rhino-Laryngology, 277(7), 2133–2135. https://doi.org/10.1007/s00405-020-05982-0 



Narrative Review of Tracheostomy Procedure during COVID-19 Pandemic 

 

 
67 

 

 

McGrath, B. A., Brenner, M. J., Warrillow, S. J., Pandian, V., Arora, A., Cameron, T. S., Añon, J. 

M., Hernández Martínez, G., Truog, R. D., Block, S. D., Lui, G. C. Y., McDonald, C., Rassekh, C. 

H., Atkins, J., Qiang, L., Vergez, S., Dulguerov, P., Zenk, J., Antonelli, M., … Feller-Kopman, D. 

J. (2020). Tracheostomy in the COVID-19 era: global and multidisciplinary guidance. In The Lancet 

Respiratory Medicine (Vol. 8, Issue 7, pp. 717–725). Lancet Publishing Group. 

https://doi.org/10.1016/S2213-2600(20)30230-7 

 

Michetti, C. P., Burlew, C. C., Bulger, E. M., Davis, K. A., & Spain, D. A. (2020). Performing 

tracheostomy during the Covid-19 pandemic: Guidance and recommendations from the Critical 

Care and Acute Care Surgery Committees of the American Association for the Surgery of Trauma. 

Trauma Surgery and Acute Care Open, 5(1). https://doi.org/10.1136/tsaco-2020-000482 

 

Ministry Of Health, M. (2021). ANNEX 47 Tracheostomy Guidelines During COVID-19Pandemic 

(Issue June 2021). 

 

Panuganti, B. A., Pang, J., Califano, J., & Chan, J. Y. K. (2020). Procedural precautions and personal 

protective equipment during head and neck instrumentation in the COVID-19 era. Head and Neck, 

42(7), 1645–1651. https://doi.org/10.1002/hed.26220 

 

Prabhakaran, K., Malcom, R., Choi, J., Chudner, A., Moscatello, A., Panzica, P., Latifi, R., & Rhee, 

P. (2020). Open tracheostomy for COVID-19-positive patients: A method to minimize 

aerosolization and reduce risk of exposure. The Journal of Trauma and Acute Care Surgery, 89(2), 

265–271. https://doi.org/10.1097/TA.0000000000002780 

 

Raimondi, N., Vial, M. R., Calleja, J., Quintero, A., Cortés, A., Celis, E., Pacheco, C., Ugarte, S., 

Añón, J. M., Hernández, G., Vidal, E., Chiappero, G., Ríos, F., Castilleja, F., Matos, A., Rodriguez, 

E., Antoniazzi, P., Teles, J. M., Dueñas, C., … Nates, J. L. (2017). Evidence-based guidelines for 

the use of tracheostomy in critically ill patients. Journal of Critical Care, 38, 304–318. 

https://doi.org/10.1016/j.jcrc.2016.10.009 

 

Richardson, S., Hirsch, J. S., Narasimhan, M., Crawford, J. M., McGinn, T., Davidson, K. W., 

Barnaby, D. P., Becker, L. B., Chelico, J. D., Cohen, S. L., Cookingham, J., Coppa, K., Diefenbach, 

M. A., Dominello, A. J., Duer-Hefele, J., Falzon, L., Gitlin, J., Hajizadeh, N., Harvin, T. G., … 

Zanos, T. P. (2020). Presenting Characteristics, Comorbidities, and Outcomes among 5700 Patients 

Hospitalized with COVID-19 in the New York City Area. JAMA - Journal of the American Medical 

Association, 323(20), 2052–2059. https://doi.org/10.1001/jama.2020.6775 

 

Tay, J. K., Khoo, M. L. C., & Loh, W. S. (2020). Surgical Considerations for Tracheostomy during 

the COVID-19 Pandemic: Lessons Learned from the Severe Acute Respiratory Syndrome Outbreak. 

In JAMA Otolaryngology - Head and Neck Surgery (Vol. 146, Issue 6, pp. 517–518). American 

Medical Association. https://doi.org/10.1001/jamaoto.2020.0764 

 

Tellier, R., Li, Y., Cowling, B. J., & Tang, J. W. (2019). Recognition of aerosol transmission of 

infectious agents: A commentary. BMC Infectious Diseases, 19(1), 1–9. 

https://doi.org/10.1186/s12879-019-3707-y 

 

 



Ulum Islamiyyah Journal  | Special Issue: Healthcare in Pandemic Era: “The New Norm” Vol.2 

 

 
68 

 

Terragni, P. P., Antonelli, M., Fumagalli, R., Mangione, S., & Pasetto, A. (2010). Early vs Late 

Tracheotomy for Prevention. Jama, 303(15), 1483–1489. 

http://www.ncbi.nlm.nih.gov/pubmed/20407057 

 

Tornari, C., Surda, P., Takhar, A., Amin, N., Dinham, A., Harding, R., Ranford, D. A., Archer, S. 

K., Wyncoll, D., Tricklebank, S., Ahmad, I., Simo, R., & Arora, A. (2020). Tracheostomy, 

ventilatory wean, and decannulation in COVID-19 patients. European Archives of Oto-Rhino-

Laryngology, 1–10. https://doi.org/10.1007/s00405-020-06187-1 

 

Vargas, M., & Servillo, G. (2020). Three-step checklist for tracheostomy in critically ill COVID-19 

patients. In Critical Care (Vol. 24, Issue 1). BioMed Central Ltd. https://doi.org/10.1186/s13054-

020-03038-7 

 

Vincent, J. L., Moreno, R., Takala, J., Willatts, S., De Mendonça, A., Bruining, H., Reinhart, C. K., 

Suter, P. M., & Thijs, L. G. (1996). The SOFA (Sepsis-related Organ Failure Assessment) score to 

describe organ dysfunction/failure. Intensive Care Medicine, 22(7), 707–710. 

https://doi.org/10.1007/BF01709751 

 

Volo, T., Stritoni, P., Battel, I., Zennaro, B., Lazzari, F., Bellin, M., Michieletto, L., Spinato, G., 

Busatto, C., Politi, D., & Spinato, R. (2020). Elective tracheostomy during COVID-19 outbreak: to 

whom, when, how? Early experience from Venice, Italy. European Archives of Oto-Rhino-

Laryngology, 278(3), 781–789. https://doi.org/10.1007/s00405-020-06190-6 

 

Wang, D., Hu, B., Hu, C., Zhu, F., Liu, X., Zhang, J., Wang, B., Xiang, H., Cheng, Z., Xiong, Y., 

Zhao, Y., Li, Y., Wang, X., & Peng, Z. (2020). Clinical Characteristics of 138 Hospitalized Patients 

with 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA - Journal of the 

American Medical Association, 323(11), 1061–1069. https://doi.org/10.1001/jama.2020.1585 

 

Wang, W., Xu, Y., Gao, R., Lu, R., Han, K., Wu, G., & Tan, W. (2020). Detection of SARS-CoV-

2 in Different Types of Clinical Specimens. JAMA - Journal of the American Medical Association, 

323(18), 1843–1844. https://doi.org/10.1001/jama.2020.3786 

 

Ward, P. A., & Collier, J. M. (2020). COVID-19 tracheostomy Local Safety Standard for Invasive 

Procedures (LocSSIP): a single-centre experience. In Anaesthesia (Vol. 75, Issue 12, pp. 1687–

1688). Blackwell Publishing Ltd. https://doi.org/10.1111/anae.15168 

 

Wax, R. S., & Christian, M. D. (2020). Practical recommendations for critical care and 

anesthesiology teams caring for novel coronavirus (2019-nCoV) patients. Canadian Journal of 

Anesthesia, 67(5), 568–576. https://doi.org/10.1007/s12630-020-01591-x 

 

Wei, W. I., Tuen, H. H., Ng, R. W. M., & Lam, L. K. (2003). Safe tracheostomy for patients with 

severe acute respiratory syndrome. Laryngoscope, 113(10), 1777–1779. 

https://doi.org/10.1097/00005537-200310000-00022 

 

WHO. (2020a). WHO Director-General’s opening remarks at the media briefing on COVID-19: 11 

March 2020. 

 

WHO. (2020b). World Health Organization.  .Advice on the use of masks in the context of COVID-



Narrative Review of Tracheostomy Procedure during COVID-19 Pandemic 

 

 
69 

 

19: interim guidance, 6 April 2020.  

 

Wu, Z., & McGoogan, J. M. (2020). Characteristics of and Important Lessons from the Coronavirus 

Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of 72314 Cases from the 

Chinese Center for Disease Control and Prevention. JAMA - Journal of the American Medical 

Association, 323(13), 1239–1242. https://doi.org/10.1001/jama.2020.2648 

 

Yang, X., Yu, Y., Xu, J., Shu, H., Xia, J., Liu, H., Wu, Y., Zhang, L., Yu, Z., Fang, M., Yu, T., 

Wang, Y., Pan, S., Zou, X., Yuan, S., & Shang, Y. (2020). Clinical course and outcomes of critically 

ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective, 

observational study. The Lancet Respiratory Medicine, 8(5), 475–481. 

https://doi.org/10.1016/S2213-2600(20)30079-5 

 

Yeung, E., Hopkins, P., Auzinger, G., & Fan, K. (2020). Challenges of tracheostomy in COVID-19 

patients in a tertiary centre in inner city London. International Journal of Oral and Maxillofacial 

Surgery, 49(11), 1385–1391. https://doi.org/10.1016/j.ijom.2020.08.007 

 

Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., Xiang, J., Wang, Y., Song, B., Gu, X., Guan, L., 

Wei, Y., Li, H., Wu, X., Xu, J., Tu, S., Zhang, Y., Chen, H., & Cao, B. (2020). Clinical course and 

risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort 

study. The Lancet, 395(10229), 1054–1062. https://doi.org/10.1016/S0140-6736(20)30566-3 

 

Zou, L., Ruan, F., Huang, M., Liang, L., Huang, H., Hong, Z., & Yu, J. (2019). SARS-CoV-2 Viral 

Load in Upper Respiratory Specimens of Infected Patients. New England Journal of Medicine, 

382(12), 1177–1179. 

 

Zuazua-Gonzalez, A., Collazo-Lorduy, T., Coello-Casariego, G., Collazo-Lorduy, A., Leon-

Soriano, E., Torralba-Moron, A., Onrubia-Parra, T., Gomez-Martin-Zarco, J.-M., Echarri-

SanMartin, R., Ripolles-Melchor, J., Martinez-De-la-Gandara, A., & Domingo-Carrasco, C. (2020). 

Surgical Tracheostomies in COVID-19 Patients: Indications, Technique, and Results in a Second-

Level Spanish Hospital. OTO Open, 4(3), 2473974X2095763. 

https://doi.org/10.1177/2473974x20957636 

 

Zucco, L., Levy, N., Ketchandji, D., Aziz, M., & Ramachandran, S. K. (2020). Perioperative 

Considerations for the 2019 Novel Coronavirus (COVID-19). Anesthesiology Patient Safety 

Foundation. 

 


