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A B S T R A C T 

Objective: Tracheostomy is an important surgical procedure for coronavirus disease-2019 
(COVID-19) patients who underwent prolonged tracheal intubation. Surgical indication of tra- 
cheostomy is greatly affected by the general condition of the patient, comorbidity, prognosis, 
hospital resources, and staff experience. Thus, the optimal timing of tracheostomy remains con- 
troversial. 

Methods: We reviewed our early experience with COVID-19 patients who underwent tra- 
cheostomy at one tertiary hospital in Japan from February to September 2020 and analyzed 
the timing of tracheostomy, operative results, and occupational infection in healthcare workers 
(HCWs). 

Results: Of 16 patients received tracheal intubation with confirmed severe acute respiratory syn- 
drome coronavirus 2 (SARS-CoV-2) infection, five patients (31%) received surgical tracheostomy 
in our hospital. The average consultation time for surgical tracheostomy was 7.4 days (range, 6 - 
9 days) from the COVID-19 team to the otolaryngologist. The duration from tracheal intubation 
to tracheostomy ranged from 14 to 27 days (average, 20 days). The average time of tracheostomy 
was 27 min (range, 17 - 39 min), and post-wound bleeding occurred in only one patient. No 
significant differences in hemoglobin (Hb) levels were found between the pre- and postoperative 
periods (mean: 10.2 vs. 10.2 g/dl, p = 0.93). Similarly, no difference was found in white blood 
cell (WBC) count (mean: 12,200 vs. 9,900 cells /µl, p = 0.25). After the tracheostomy, there 
was no occupational infection among the HCWs who assisted the tracheostomy patients during 
the perioperative period. 

Conclusion: We proposed a modified weaning protocol and surgical indications of tracheostomy 
for COVID-19 patients and recommend that an optimal timing for tracheostomy in COVID- 
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Table 1. Considerations for assessing readiness to wean. 

Adequate mentation Arousable 
RASS- 1 - 0 
No or minimal continuous sedative 

infusions 
Airway patency and protection Absence of excessive 

tracheobronchial secretion 
Adequate oxygenation SpO2 > 94% on FiO2 0.4 and 

PEEP � 8 cm H 2 O 

Stable cardiovascular system HR � 140 beats/min, 
Stable blood pressure; no or 

minimal vasopressors 
(DOA � 5 µg/kg/min, DOB � 

5 µg/kg/min, NAD � 

0.05 µg/kg/min) 
Adequate pulmonary function Tidal volume > 5 mL/kg 

Respiratory frequency/tidal volume 
< 105/min/L 

No significant respiratory acidosis 
(pH > 7.25) 

RASS: Richmond Agitation-Sedation Scale, PEEP: positive end-expiratory 
pressure, HR: heart rate, DOA: dopamine, DOB: dobutamine, NAD: nora- 
drenaline. 
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. Introduction 

An outbreak of the novel coronavirus (severe acute res-
iratory syndrome coronavirus 2; SARS-CoV-2) has led to
 pandemic of acute respiratory illness termed coronavirus
isease-2019 (COVID-19) [1] . Clinical results revealed that
atients with severe COVID-19 are likely to be considered
or tracheal intubation and mechanical ventilation to support
heir potential recovery, and in 4% - 5% of such patients, in-
asive mechanical ventilation is required [2 , 3] . Tracheostomy
s an important surgical procedure for patients with COVID-
9 who received prolonged tracheal intubation [4 , 5] , which
oses the following clinical question: when should the
racheostomy should be performed? Although delaying the
racheostomy of COVID-19 patients would reduce the oc-
upational infection among healthcare workers (HCWs) in
he hospital, an extended duration of tracheal intubation, me-
hanical ventilation, and intensive care unit (ICU) stay might
ead to further complications including ventilator associated
neumonia (VAP). Surgical management recommendations
or tracheostomy from international, multidisciplinary experts
ndicated that tracheostomy should be performed at least
0 days after tracheal intubation in COVID-19 patients [6] .
owever, the surgical indication for tracheostomy is greatly

ffected by the general condition of the patient, comorbidity,
rognosis, hospital resources, and staff experience. Thus, the
ptimal timing of tracheostomy remains controversial and
ighly dependent on the hospital, region, and country. 

There is a universal agreement that tracheostomy of
OVID-19 patients is associated with an increased risk of vi-

al transmission. When performing tracheostomy in a COVID-
9 patient, meticulous attention should be paid to the anes-
hetic and surgical management details of the tracheostomy
o minimize cross-contamination and occupational infection
mong HCWs [7] . Previous findings on severe acute respira-
ory syndrome coronavirus (SARS-CoV) suggested that some
rocedures capable of generating aerosols, such as tracheal
ntubation, noninvasive ventilation, tracheostomy, and man-
al ventilation before intubation, have been associated with
n increased risk of SARS transmission to HCWs [8] . Al-
hough data on SARS-CoV-2 infectivity are scarce, infection
nd death among HCWs have been reported [9] . Therefore, to
ssure the safety of performing a tracheostomy in COVID-19
atients, the establishment of a surgical tracheostomy strat-
gy using appropriate personal protective equipment (PPE) in
ach hospital is essential. Here, we review our early experi-
nce with COVID-19 patients who underwent tracheostomy in
apan and propose a surgical strategy and an optimal timing
f tracheostomy that should be adopted by a multidisciplinary
racheostomy team. 

. Materials and methods 

We retrospectively reviewed the clinical data from COVID-
9 patients who received intensive care and tracheostomy
t Nagoya University Hospital from February to September
020. Clinical data included age, sex, medical comorbidities,
aboratory results, intubation history, operative data, compli-
ations, and postoperative outcomes. All patients had a docu-
ented diagnosis of COVID-19 confirmed using polymerase

hain reaction (PCR). This study was approved by the Ethics
eview Committee of Nagoya University Hospital (2020–
301). 

.1. Intensive care of COVID-19 patients 

Due to the tertiary hospital of our region, severe cases
f respiratory conditions or end-stage renal disease requiring
emodialysis maintenance are mainly transferred and treated
n our ICU. Intensive drug treatment includes favipiravir, ci-
lesonide, lopinavir/ritonavir, and systemic corticosteroids, as
ell as respiratory care, as we previously reported [7 , 10] .
onsiderations regarding weaning from mechanical ventila-

ion, even in COVID-19 patients, are similar to the general
riteria used for patients with severe acute respiratory dis-
ress syndrome (ARDS) [11 , 12] . Considering the COVID-19
haracteristics (i.e., a lot of sputum in the early phase of
he disease), we modified the criteria for assessing the readi-
ess to wean, which consists of an adequate mentation, air-
ay patency and protection, adequate oxygenation, a stable

ardiovascular system, and an adequate pulmonary function
 Table 1 ). Due to the risk of occupational infection among
CWs and difficulty to perform noninvasive positive pres-

ure ventilation (NPPV) or high-flow nasal cannula (HFNC)
fter extubation, “adequate cough” was deleted from the gen-
ral criteria, and the stricter criterium of SpO2 ( > 94%) was
dapted in our hospital. 

.2. Surgical indication of tracheostomy in COVID-19 

atients 

For the COVID-19 patients who received a prolonged tra-
heal intubation (7 - 10 days), extubating the tracheal tube
r performing tracheostomy was considered. Firstly, we tried
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Table 2. Surgical tracheostomy strategy in COVID-19 patients. 

Factors Considerations 

Patient Stable general condition 
Over 14 days after tracheal intubation 
Not applicable for assessing readiness to wean 
Failure of SBT 

Re-intubation 
Severe disease with VV-ECMO 

Equipment Appropriate personal protective equipment available 
An isolation room (desirable negatively pressured 

isolation room) available 
Staff Enough airway management training for all staff elements 

Experienced tracheostomy team available 

SBT: spontaneous breathing trial, ECMO: extracorporeal membrane oxygena- 
tion. 
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o identify the patients who were ready to wean from me-
hanical ventilation using the criteria in Table 1 , and then,
e determined whether patients could be successfully extu-
ated using a spontaneous breathing trial (SBT) as a diag-
ostic test, which was usually performed with low levels of
ontinuous positive airway pressure (CPAP) (e.g. 5 - 7 cm
 2 O), low levels of pressure support (e.g. 5 – 7 cm H 2 O),

nd at least for 30 min. Patients who were not applicable for
ssessing the readiness to wean, failed the SBT, and required
e-tracheal intubation underwent tracheostomy. Tracheostomy
s often considered after initiation of extracorporeal membrane
xygenation (ECMO) in patients with respiratory failure to
mprove patient comfort and allow the lightening of seda-
ion. Because critically-ill COVID-19 patients treated with
V-ECMO are expected to have a prolonged tracheal intu-
ation, we tended to perform tracheostomy earlier than usual.
ur general criteria to perform tracheostomy in COVID-19
atients are listed in Table 2 . We carefully discussed the con-
ition of each patient and determined the optimal timing of
racheostomy based on the hospital resources and staff. Our

ultidisciplinary tracheostomy team consisted of experienced
ersonnel (at least two board certificated otolaryngologists,
ne critical care and emergency doctor, and one critical care
urse) to minimize the operating time and to avoid occupa-
ional SARS-CoV-2 infection. Tracheostomy was performed
n an isolation room in our ICU. 

.3. Anesthetic and surgical management of tracheostomy in
OVID-19 patients 

We have previously described tracheostomy management,
uch as preoperative preparation, enhanced PPE, and sur-
ical protocol [7] . All surgical staff used PPE, such as a
95 mask or a clean space powered air-purifying respira-

or (PAPR), goggles, a face shield, cap, double gloves, and
 water-resistant disposable gown ( Fig. 1 a). Due to the iso-
ated environment and limited staff in the operating room,
he tracheostomy set, such as knife, forceps, bobby, and sev-
ral types of hooks were carefully prepared before the tra-
heostomy ( Fig. 1 b). After setting the surgical position with
he patient neck stretched, a multidisciplinary tracheostomy
eam performed an open tracheostomy with an inverted U-
haped tracheal flap for an easy exchange of the tracheostomy
ube ( Fig. 1 c). Importantly, the PPE should be removed by a
on-contact person to avoid self-contamination and exposure
o surrounding people. 

.4. Statistical analysis 

To assess the influence of tracheostomy in COVID-19
atients, we compared the pre- (one day before the tra-
heostomy) and the postoperative blood test (one day after
he tracheostomy) results using the Wilcoxon signed-rank test.
escriptive statistics were obtained using JMP (Version 10,
AS, Cary, North Carolina, USA). A two-sided p-value of
.05 or lower was considered statistically significant. 

. Results 

.1. Characteristics of patients 

From February to September 2020, 16 patients with con-
rmed SARS-CoV-2 infection received tracheal intubation
ith intensive care in our hospital (Nagoya University Hos-
ital), among whom surgical tracheostomy was performed in
 patients (31%). The characteristics of patients are shown
n Table 3 . The average consultation time for surgical tra-
heostomy was 7.4 days (range, 6 - 9 days) from the ICU
OVID-19 team to the otolaryngologists. The duration from

racheal intubation to tracheostomy ranged from 14 to 27
ays (average, 20 days). All COVID-19 patients who under-
ent tracheostomy received antibiotic treatment before tra-

heostomy because of VAP or possible VAP related to tra-
heal intubation. 

.2. Outcomes of tracheostomy in 5 COVID-19 patients 

Surgical tracheostomy was performed in 5 COVID-19 pa-
ients by our experienced tracheostomy team to minimize the
isk of virus infection in HCWs. The average time of tra-
heostomy was 27 min (range, 17 - 39 min), and was no
oss of a large amount of blood. No significant differences
n hemoglobin (Hb) levels were found between the pre- and
ostoperative periods (mean: 10.2 vs. 10.2 g/dl, p = 0.93).
imilarly, no difference was found in white blood cell (WBC)
mean: 12,200 vs. 9900 cells /µl, p = 0.25). Postoperative
hest radiography showed no clinical progression of the res-
iratory condition. Although postoperative bleeding from the
urgical wound occurred in one patient, it was easily con-
rolled with an absorbable hemostat, and no additional treat-
ent was required. 
After the tracheostomy, there was no occupational infec-

ion among the HCWs who assisted the tracheostomy patients
uring the perioperative period. 

.3. Representative case 

A 53-year-old man experienced a slight fever on day 1
nd underwent tracheal intubation for mechanical ventilation
n day 10. Due to a prolonged tracheal intubation, surgi-
al tracheostomy was performed on day 31 in a negative-
ressure airborne infection isolation room in our ICU. Fig. 2
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Fig. 1. Preparation of tracheostomy in patients with COVID-19, including PPE and tracheostomy set. 

Table 3. Characteristics of patients. 

Case Age(years) Sex Comorbidity Duration from 

first symptom to 
tracheal 
intubation (day) 

Duration from 

tracheal 
intubation to 
tracheostomy 
(day) 

Duration from 

consultation to 
tracheostomy 
(day) 

Operating time 
(min) 

Complications Outcome 

1 74 Male HT, DM, BA 10 17 6 33 None Alive 
2 52 Female DM, ESRD 7 27 6 27 Bleeding Alive 
3 53 Male DM, MI 10 21 9 39 None Alive 
4 79 Male HT, DM, ESRD 1 14 8 22 None Alive 
5 70 Male CHF, Fallot ope 14 21 8 17 None Dead 

HT: hypertension, DM: diabetes mellitus, BA: bronchial asthma, ESRD: end-stage renal disease requiring hemodialysis maintenance, MI: myocardial infarc- 
tion, CHF: chronic heart failure. 
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hows the clinical course of the patient and the chest radio-
ogical findings during the treatment. After the tracheostomy,
is respiratory and general conditions gradually improved,
nd thus, his tracheostomy tube could be removed on
ay 50. 
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. Discussion 

Tracheostomy is a safe and effective surgical procedure
or patients with prolonged tracheal intubation, such as acute
espiratory failure. Although recent clinical results showed
he safety and usefulness of tracheostomy in COVID-19
atients [13 , 14] , no specific weaning protocol and no sur-
ical indications for tracheostomy have been defined for
OVID-19 patients at the present. Decision making around
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Fig. 2. Clinical course and chest radiological findings in a COVID-19 patient undergoing tracheostomy. 
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racheostomy in COVID-19 patients would be mainly based
n standard weaning procedure [12 , 15] . However, decision
akers have to consider both of patient’s benefits and an

ccupational infection of SARS-CoV-2 in HCWs during the
OVID-19 pandemic. In this paper, we reviewed our early
xperiences of tracheostomy in COVID-19 patients in Japan
nd proposed a modified weaning protocol and surgical
ndications of tracheostomy for COVID-19 patients as shown
n Table 1 , 2 . For example, the stricter criterium of SpO2
 > 94%) was adapted in our strategy due to difficulty of
erforming NPPV or HFNC after extubation for COVID-19
atients. Considering the general condition of each patient,
ospital resources and staff experience, clinicians should
etermine whether tracheostomy is truly beneficial or not in
OVID-19 patients with prolonged intubation. 

Despite the efficiency of tracheostomy in COVID-19 pa-
ients, the optimal timing of tracheostomy remains controver-
ial. Traditionally, a tracheostomy is performed to accelerate
entilator weaning, to enhance clearance of secretions, to im-
rove patient mobility, to reduce VAP, and to increase po-
ential for speech, ability to eat orally [16] . In randomized
ontrolled trials that compared early and late tracheostomies,
he timing of tracheostomy was divided as follows: very early
 < 4 days), moderately early ( < 10 days) and late ( > 10
ays) tracheotomies [17 –20] . The TracMan study, which was
ne of the first multi-center studies to evaluate tracheostomy
iming, demonstrated that very early tracheostomy ( < 4 days)
as associated with shorter duration of sedation but made no
ifference in 30-day mortality or length of stay in the ICU or
ospital [17] . Although one systematic review of 12 random-
zed studies revealed that early tracheotomy was associated
ith more ventilator-free days, shorter ICU stays, and reduced
ong-term mortality, compared to late tracheotomy [21] , a spe-
ific attention should be paid to the timing of tracheostomy
n COVID-19 patients in terms of the characteristics of in-
ectious diseases. We performed tracheostomy in COVID-19
atients with an average of 20 days from tracheal intubation to
racheostomy under enhanced PPE. Our tracheostomy timing
s consistent with recent recommendations or guidelines for
OVID-19 patients, which suggests performing tracheostomy
 - 3 weeks after tracheal intubation [4 , 22 –24] . It has been re-
orted that SARS-CoV-2 viral loads in upper respiratory spec-
mens of infected patients are the highest in the early stages
f the disease with typical clearance by 2 weeks [25] . While
ARS-CoV-2 viral loads do not correlate well with the sever-

ty of symptoms or the risk of cross-infection in HCWs, there
re minimal clinical data regarding an early tracheostomy ( <
4 days) in ventilated COVID-19 patients [26] , suggesting
hat an early tracheostomy ( < 14 days) should only be per-
ormed in some selected COVID-19 patients [24] . Consid-
ring an increased risk of VAP due to prolonged tracheal
ntubation, we recommend that the timing of tracheostomy
onsultation should be within 7 - 10 after tracheal intuba-
ion and the optimal timing for tracheostomy in COVID-19
atients should be 2 - 3 weeks after tracheal intubation. How-
ver, our results are based on a small population of one ter-
iary hospital in the early phase of the COVID-19 pandemic
n Japan. Thus, the optimal timing of tracheostomy should be
nvestigated in a larger patient population from a multi-center
tudy. 

During the COVID-19 pandemic, tracheostomy, includ-
ng open and percutaneous tracheostomy, is recommended to
e performed by a team consisting of the least number of
roviders with the highest level of experience possible [27] .
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[  
ercutaneous tracheostomy is one of the effective methods
nd results in a lower postoperative bleeding complication
ate. However, it is controversial which procedures are suit-
ble to prevent SARS-CoV-2 aerosolization. Recent US and
K studies have suggested that open tracheostomy is as fa-
orable as percutaneous tracheostomy for COVID-19 patients,
eing safe for clinicians [13 , 28] . In our experience with open
racheostomy, there were no severe surgical complications or
ccupational infection among HCWs who participated in the
racheostomy. Regardless of the type of tracheostomy, the

ost important thing is to avoid of SARS-CoV-2 aerosoliza-
ion during the procedure. To benefit both the patient and
he HCWs, the most reliable and familiar procedure in each
ospital should be considered and selected. 

As SARS-CoV-2 is thought to spread through contact and
roplet infection, careful attention should be paid during air-
ay management. To improve the safety of airway proce-
ures in COVID-19 patients, we previously developed a new
eusable type of equipment, which consists of a transparent
lastic shield with a sloping angled surface and a plastic
rape attached to the top and side edges of the shield [29] .
o protect HCWs from occupational SARS-CoV-2 infection,
n appropriate and strict infection prevention is critical for
erosol-generating medical procedures, such as tracheal intu-
ation, bronchoscopy, and tracheostomy [8] . When perform-
ng the tracheostomy in the early phase of the COVID-19
andemic, it was essential to establish an experienced multi-
isciplinary tracheostomy team to minimize occupational in-
ection in HCWs. In a clinical setting, it is necessary to pre-
are hospital resources, such as PPE and staff, and to obtain
ritten informed consent from the family of the patient be-

ore the tracheostomy. In our experience, tracheostomy was
erformed within 7.4 days, on average, from the consultation,
uggesting that one week is reasonable to prepare and perform
 safe tracheostomy in COVID-19 patients. Notably, as we
emonstrated in this paper, an experienced multi-disciplinary
racheostomy team is essential to perform a safe and quick
racheostomy, resulting in clinical benefits for both COVID-
9 patients and the HCWs of the hospital. 

The PCR test for SARS-CoV-2 is useful for the initial
iagnosis of COVID-19 infection and the follow-up testing
s important to assure its clearance. Previously, we deter-
ined the timing of tracheostomy after confirmation of, at

east, two negative PCR results for SARS-CoV-2. However,
he detection rate from several samples varies with the upper
nd lower respiratory sites, and most patients undergoing tra-
heostomy are in the convalescent phase (14 - 21 days) [27] .
hus, as long as the tracheostomy for COVID-19 is performed
nder enhanced PPE, the PCR test for SARS-CoV-2 is not
andatory to decide the timing of tracheostomy in COVID-

9 patients. Finally, no occupational SARS-CoV-2 infection
ccurred in HCWs during intensive care in our early expe-
iences of COVID-19 in Japan. Although there is a lack of
vidence for COVID-19, we should not overestimate the oc-
upational SARS-CoV-2 infection in the hospital or miss the
ptimal timing of tracheostomy in patients who really need

ntensive treatment to recover from illness. 

 

. Conclusion 

We proposed a modified weaning protocol and surgical in-
ications of tracheostomy for COVID-19 patients and recom-
end that an optimal timing for tracheostomy in COVID-19

atients of 2 - 3 weeks after tracheal intubation, from our
arly experiences in Japan. An experienced multi-disciplinary
racheostomy team is essential to perform a safe tracheostomy
n COVID-19 patients and to minimize the risk of occupa-
ional SARS-CoV-2 infection in HCWs. 
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