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Abstract
Purpose COVID-19 patients requiring mechanical ventilation can overwhelm existing bed capacity. We aimed to better 
understand the factors that influence the trajectory of tracheostomy care in this population to facilitate capacity planning 
and improve outcomes.
Methods We conducted an observational cohort study of patients in a high-volume centre in the worst-affected region of the 
UK including all patients that underwent tracheostomy for COVID-19 pneumonitis ventilatory wean from 1st March 2020 
to 10th May 2020. The primary outcome was time from insertion to decannulation. The analysis utilised Cox regression to 
account for patients that are still progressing through their tracheostomy pathway.
Results At the point of analysis, a median 21 days (IQR 15–28) post-tracheostomy and 39 days (IQR 32–45) post-intubation, 
35/69 (57.4%) patients had been decannulated a median of 17 days (IQR 12-20.5) post-insertion. The overall median age was 
55 (IQR 48–61) with a male-to-female ratio of 2:1. In Cox regression analysis,  FiO2 at tracheostomy ≥ 0.4 (HR 1.80; 95% CI 
0.89–3.60; p = 0.048) and last pre-tracheostomy peak cough flow (HR 2.27; 95% CI 1.78–4.45; p = 0.001) were independent 
variables associated with prolonged time to decannulation.
Conclusion Higher  FiO2 at tracheostomy and higher pre-tracheostomy peak cough flow are associated with increased delay 
in COVID-19 tracheostomy patient decannulation. These finding comprise the most comprehensive report of COVID-19 
tracheostomy decannulation to date and will assist service planning for future peaks of this pandemic.
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Introduction

Background: the COVID‑19 crisis

COVID-19 results in critical illness for approximately 5% of 
infected patients [1]. A significant proportion require inten-
sive care unit (ICU) admission where prolonged mechanical 
ventilation (MV) is likely [2, 3]. As a result, ICU capacity 
has had to more than double and this has significant impli-
cations for patient care [4, 5]. Coupled with early learning 
from high-volume centres, measures are required to opti-
mise ICU admission duration [6, 7]. Tracheostomy care and 
decannulation are of paramount importance in this regard. 
Therefore, close multidisciplinary working between ICU, 
nursing, physiotherapy, speech and language therapy (SLT), 
and ORL-HNS specialists would benefit from COVID-
19-specific evidence to optimise this process.
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Tracheostomy decision‑making in COVID‑19

Tracheostomy is an established therapy with recognised 
benefit when performed early (within 7 days of MV). This 
includes a lower incidence of ventilator acquired pneumonia, 
reduced mortality, duration of MV, ICU stay, sedation, and 
laryngotracheal stenosis in survivors [8–10]. Evidence of 
benefit arises from clinical research prior to the COVID-19 
pandemic when tracheostomy timing and technique (percu-
taneous vs open) were the main areas of debate.

The focus has changed dramatically in the COVID-19 era. 
Tracheostomy is an aerosol generating procedure which the-
oretically increases the risk of viral transmission to health-
care workers (HCWs), particularly during the early disease 
course [11, 12]. Despite evidence that prolonged endotra-
cheal intubation causes increased mortality and ventilatory 
weaning failure, some authors recommend tracheostomy 
only in exceptional circumstances [11, 13]. Most guidelines 
favour later tracheostomy to mitigate HCW risk and allow 
time for patient prognosis to become clear to avoid futile 
procedures [14–16].

Tracheostomy care and decannulation

Access to specialist nursing, physiotherapy, and SLT can be 
limited outside of the ICU in some centres [17]. Therefore, 
prolonged tracheostomy duration could delay patient step-
down from critical care. Furthermore, changes to post-inser-
tion tracheostomy care have been recommended to minimise 
HCW transmission of COVID-19 [15, 18]. These may limit 
rehabilitation and detailed patient assessment (e.g., naso-
laryngoscopy) with, ultimately, delayed weaning [18, 19].

The decannulation process is complex and relies on 
the co-ordination of pharyngolaryngeal sensation, airway 
protection, and strength amongst other factors. Systematic 
reviews consistently identify clinical stability, neurologi-
cal factors, secretion management, effective swallowing, 
strength of cough, and airway patency as important factors 
[20–22]. However, there are no robust prognostic factors and 
clinical guidelines are heavily based on expert opinion [20]. 
Finally, decannulation studies have heterogeneous case-
mixes with the limited studies available on primary respira-
tory failure highlighting this indication for tracheostomy as 
a negative prognostic factor of tracheostomy duration [22].

COVID‑19‑specific modifications to medical care 
and early tracheostomy outcomes

A number of measures have been proposed to prevent viral 
transmission and improve the treatment of COVID-19 based 
on the existing literature. One of these measures is the use 

of corticosteroids to treat a severe, hyperinflammatory state 
that is associated with a cytokine ‘storm’, though this treat-
ment is of uncertain value [23–25].

There are only five reports of early outcomes of COVID-
19 tracheostomy [26–30] and none of these include a detailed 
analysis of the decannulation process. Given our experience 
as a High-Consequence Infectious Diseases tertiary referral 
centre in a region of the UK with more COVID-19-related 
critical care admissions than any other [31], we sought to 
evaluate our current outcomes. Furthermore, we aimed to 
identify relevant factors that affect decannulation to support 
the decision-making of colleagues tasked with managing 
COVID-19 tracheostomy patients in areas that are earlier in 
their first or subsequent pandemic peak.

Materials and methods

We included all patients that underwent tracheostomy [16] 
for COVID-19 pneumonitis respiratory wean from 1st March 
2020 to 10th May 2020. Patients were excluded if it was 
not possible to obtain outcome data post-transfer to other 
hospitals; their primary tracheostomy indication was not 
prolonged MV; their electronic record was inaccessible; 
and if they died prior to sedation weaning. For included 
patients, data were collected for all time-points of interest 
unless unavailable (e.g., due to transfer to another hospital 
or department) and the number of patients that reached each 
time point (with or without available data) is documented in 
the results section.

Our standard management is to use a Tracoe Twist Plus 
cuffed, non-fenestrated tracheostomy tube with a subglot-
tic suction port. We use a size 8+ to 9+ for most men, 
size 7+ to 8+ for most women, and Passy  Muir® speaking 
valves. Patients were weaned from tracheostomy in a non-
protocol-driven (i.e., individualised) fashion by our highly 
specialist SLT and physiotherapy team with care to ensure 
MDT agreement regarding readiness for decannulation. In 
our institutions, due to the risk of aerosol generation, cuff 
deflation in COVID-19 patients does not commence until 
MV has ceased. We do not routinely cap tracheostomy tubes 
prior to decannulation. To commence weaning, patients had 
to be self-ventilating; cuff down trials were then initiated 
and airway patency was assessed with digital occlusion. If 
appropriate, a one-way valve was then trialled. To proceed 
with decannulation, patients had to tolerate 24 h with their 
cuff deflated and 12 h with a one way valve, have minimal/
no tracheal suctioning requirements and ideally be able to 
independently cough secretions to their mouth without any 
evidence of upper airway obstruction, bronchopulmonary 
infection, or high oxygen requirements [32]. All patients 
with suspected hyperinflammatory COVID-19 underwent 
joint evaluation with our lung inflammation service for 
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consideration of immunomodulation therapy with methyl-
prednisolone [33].

Data was collected and anonymised from electronic 
records as part of an audit registered within our institu-
tion. The primary endpoint was time from tracheostomy to 
decannulation. The following were recorded: demographics 
(age, body mass index [BMI], gender & ethnicity); medical 
factors (very severe comorbidities, Acute Physiology And 
Chronic Health Evaluation II [APACHE II] score); venti-
latory parameters at tracheostomy (positive end-expiratory 
pressure [PEEP], arterial oxygen pressure  [PaO2], fraction 
of inspired oxygen  [FiO2] [also collected at decannulation] 
&  PaO2:FiO2 ratio); and medical interventions (methylpred-
nisolone use, vasopressor use, renal replacement therapy 
[RRT], anti-muscarinic medications, extracorporeal mem-
brane oxygenation [ECMO] and proning) [31]. Relevant 
time-points were recorded including time from tracheos-
tomy to weaning off sedation, ventilator weaning (libera-
tion), first cuff down trial, ICU discharge, and decannulation. 
Measures of predictive factors in weaning were: Richmond 
agitation-sedation scale (RASS, a measure of neurological 
status with 0 being normal) on sedation wean; mobility (as a 
proxy measure of myopathy) on sedation wean; peak cough 
flow [PCF, recorded as a negative value pre-tracheostomy 
but presented as positive integers for clarity and comparabil-
ity] immediately before and after tracheostomy; secretion 
burden at first cuff down trial; upper airway patency at first 
cuff down trial; swallow adequacy at first cuff down trial; 
and voice quality at first cuff down trial [20–22].

Secretion burden is defined on a scale [34] from no secre-
tions through to copious secretions and documented in the 
IntelliSpace Critical Care and Anaesthesia software used in 
our institution (Release F.01.00, Philips, Amsterdam, The 
Netherlands). Swallow adequacy was the subjective binary 
outcome of the first bedside clinical swallowing assess-
ment at the first cuff down trial by SLT. Voice quality was 
assessed by the subjective first assessment after the first cuff 
down trial by SLT, and was rated as aphonic, dysphonic, or 
normal.

This study was completed in accordance with the ethical 
regulations of our institutional audit approval body (registra-
tion number 10811) and national regulations of clinical audit 
against agreed standards [21].

Statistical analysis

Univariate analysis of factors associated with late 
decannulation

Based on a median decannulation time of 17 days for 35 
patients that had been decannulated two groups were 
defined:

• Group I (early): decannulation was achieved < 17 days 
after tracheostomy and

• Group II (late): decannulation was achieved ≥ 17 days 
after tracheostomy including patients not yet decannu-
lated beyond 17 days at the time of reporting.

Patients < 17 days from tracheostomy were excluded from 
this univariate analysis. Depending upon the normality and 
nature of data, p values were calculated using the Chi square 
test, Fisher’s exact test, or the Mann–Whitney U test. All 
tests were two-tailed.

Multivariate analysis by Cox regression

Starting with the most significant variable in the univariate 
analysis, backward stepwise log-likelihood ratio was used 
to determine whether inclusion of a new variable improved 
the fit of the Cox regression multiple model. Hazard ratios 
(HRs) were calculated from the regression model. Missing 
values were processed by missing value analysis followed by 
a multiple imputation model for outcome variables. Results 
were considered statistically significant where p < 0.05. All 
calculations were made with standard commercial software 
(SPSS v 20.0, IBM Cord., Armonk, NY, USA).

Results

312 patients were admitted for critical care during the study 
period, of which 266 (85.3%) were intubated. Seventy-eight 
(29.3%) of the intubated patients underwent tracheostomy 
(73 Percutaneous [93.6%], 3 Hybrid [3.85%], and 2 Open 
[2.6%]) of which 69 (88.5%) were included. Four patients 
(5.1%) died before sedation weaning as a result of their 
COVID-19 and five further patients met exclusion criteria 
(see Methods). Median follow-up was 21 days (interquar-
tile range [IQR] 15–28) from tracheostomy corresponding 
to a median of 39 days (IQR 32–45) from intubation. The 
median primary endpoint of tracheostomy duration was 
17 days (IQR 12–20.5) (Fig. 1). The number of patients that 
reached pertinent decannulation-related events (e.g., seda-
tion cessation and cuff down trials) is presented in Fig. 1.

Patient demographic metrics

Baseline characteristics, medical parameters, relevant time-
points, and tracheostomy-relevant factors are presented in 
Table 1. COVID-19-specific markers of severe disease were 
the use of methylprednisolone in 35 (50.7%) patients for a 
median 13 (IQR 9.5–16.0) days and prone positioning of 33 
(47.8%) patients for a median of 4 (IQR 2–5) days (Table 1).
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Tracheostomy‑related complications, weaning 
time‑points, and outcomes

Tracheostomy was performed a median of 16 (IQR 13–20) 
days after intubation. The median tracheostomy tube inner 
diameter was 9 mm for men and 8 mm for women (Table 1). 
There were seven (10.1%) complications at the time of tube 
insertion: Bleeding (3, 4.3%), initial misplacement of tra-
cheostomy tube (2, 2.9%), tracheal injury (1, 1.4%), and 
cuff puncture (1, 1.4%). Seven patients (10.1%) suffered a 
late complication of which five were bleeding, though all 
were treated by adjustments to pharmacotherapy alone. One 
(1.4%) patient had a cuff pilot balloon failure which required 
a downsize of the tracheostomy tube and one (1.4%) patient 
had pneumomediastinum noted post-tracheostomy that was 
successfully managed.

The clinical course from tracheostomy to decannula-
tion is represented in Fig. 1. Seventeen patients (48.6% of 
decannulated patients) were decannulated on the ICU and 
18 further patients (51.4%) were decannulated following 
step-down to level 2 care. There was no instance of failed 
decannulation for respiratory reasons. One patient (1.4%) 
required orotracheal re-intubation for seizures. Sixteen 
patients (23.2%) were discharged from hospital a median of 
23.5 days (18.75–29.50 days) after tracheostomy.

Decannulation‑specific outcomes

Three patients had evidence of upper airway obstruc-
tion of which one was successfully decannulated without 

downsizing; one was downsized but not decannulated; and 
one was repatriated. Factors recognised to be associated 
with decannulation are shown in Table 2. In general, 10/35 
(28.6%) required a tracheostomy tube downsize prior to 
decannulation with all men having size 9+ and both women 
having size 8+ tubes reduced by one size. Median tracheos-
tomy tube sizes between Group I and II were the same for 
men and women. Dysphonia was seen in 29 patients (73%) 
at the first cuff down trial and five (14.3%) of 35 decannu-
lated patients required an increased  FiO2 post-decannulation 
though most remained on room air, and none required con-
tinuous positive airway pressure or additional support.

Factors associated with prolonged time 
to decannulation

Univariate analysis

We compared tracheostomy duration in Group I (early) 
to Group II (late, see methods). This showed that patients 
in Group I (compared to Group II) have higher BMI and 
 PaO2:FiO2 ratio (along with its constituent values) at tra-
cheostomy. It also showed a significantly lower time from 
tracheostomy to first cuff down trial, significantly lower last 
peak cough flow prior to tracheostomy, lower  FiO2 at trache-
ostomy, and a larger fall (i.e. improvement) in  FiO2 between 
tracheostomy and decannulation in Group I (Tables 1 and 
2). For categorical variables, there was a higher frequency 
of female gender and Black ethnicity in group one with a 

Fig. 1  Boxplot representing 
landmarks in tracheostomy care. 
The boxes represent interquar-
tile ranges with thick lines 
representing medians. Whiskers 
represent the lowest and highest 
observations ≤ 1.5 times the 
inter-quartile range from the 
box and orange dots (outside 
boxes) represent outliers. Purple 
dots (inside boxes) represent 
means
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higher frequency of methylprednisolone treatment in Group 
II (Table 1).

Multivariate regression analysis

We assessed methylprednisolone administration as a 
potential confounder (to attempt to control for any disease 
severity differences in the treated group) and performed 

subgroup analysis of baseline characteristics for patients 
stratified by its pre-tracheostomy use. Modelling included 
PEEP,  FiO2, last PCF before tracheostomy,  PaO2:FiO2 
ratio, gender, ethnicity, time from tracheostomy to cuff 
deflation, and BMI (i.e., factors from the univariate 
analysis where p < 0.05). In patients treated with corti-
costeroids pre-tracheostomy, BMI (p = 0.03) and  FiO2 
(p = 0.032) were increased and more patients were on 

Table 1  Descriptive patient and critical care metrics

Group I (early: decannulated < 17 days post-tracheostomy) and Group II (late: ≥ 17 days post-tracheostomy decannulation or not yet decannu-
lated at ≥ 17 day follow-up) were subjected to univariate analysis. All values are presented as the median (IQR) for continuous data and as a 
number (%) for categorical data. Where data are missing from Group I and Group II column cells, the number of patients per group is indicated 
in square brackets. The value of APACHE II is measured on ICU admission. PEEP,  PaO2,  FiO2, and  PaO2:FiO2 ratio were measured at tracheos-
tomy
APACHE II acute physiology and chronic health evaluation II, ECMO extracorporeal membrane oxygenation, F female, FiO2 fraction of inspired 
oxygen, I.D. inner diameter, M male, NS not significant, PaO2 pressure of inspired oxygen, PCF peak cough flow, PEEP positive end-expiratory 
pressure, RRT  renal replacement therapy

Variables [number of subjects with available data] All patients Group I (early) Group II (late) P value
N = 16 N = 30

Age [69] 55(48–61) 58 (28–78) 56.5 (22–77) NS
BMI [69] 29.6 (25.7–34.0) 31.6 (23.1–40.8) 27.6 (22.2–43.6) 0.016
Gender (F:M) [69] 23:46 (33.3%:66.7%) 10:6 (62.5%:37.5%) 6:24 (20%:80%) p < 0.0001
Ethnicity [69]
 White 31 (44.9%) 7 (43.8%) 14 (46.7%) NS
 Black 20 (29.0%) 8 (50%) 5 (16.7%) 0.017
 Asian 13 (18.8%) 1 (6.3%) 8 (26.7%) NS
 Mixed 3 (4.3%) 0 (0%) 2 (6.7%) NS
 Other 2 (2.9%) 0 (0%) 1 (3.3%) NS

Very severe comorbidities [69] 8 (11.6%) 3 (18.8) 3 (10) NS
APACHE II score [59/69] 14 (11–17) 12 (8–22) 16 (6–21) NS
PEEP  (cmH2O) [69] 8 (6–10) 7 (5–10) 8 (5–12) 0.024
PaO2 (mmHg) [69] 7.9 (6.6–8.9) 9.59 (4.7–12.9) 9.2 (6.9–13.2) NS
FiO2 (at tracheostomy) [69] 0.40 (0.30–0.45) 0.3 (0.25–0.45) 0.4 (0.21–0.55) 0.021
PaO2:FiO2 ratio [69] 202.8 (160.9–243.9) 234.1 (77.8–387.0) 193.8 (114.1–345.7) 0.018
Complications [69]
 Peri-operative 7 (10.1%) 4 (25%) 2 (6.7%) NS
 Post-operative 7 (10.1%) 2 (12.5%) 2 (6.7%)) NS
 Total patients affected 13 (18.8%) 5 (31.25%) 4 (13.3%) NS

Methylprednisolone (days) [67/69] 11 (0–15) 0 (0–16) 11 (0–26) 0.018
Vasopressors (days) [69] 18 (26.1%) 6 (37.5%) 10 (33.3%) NS
RRT [69] 25 (36.2%) 3 (18.8%) 10 (33.3) NS
Anti-muscarinic (days) [63/69] 9 (14.3%) 4 (25%) 4 (13.3%) NS
ECMO [69] 11 (15.9%) 1 (6.3%) 4 (13.3%) NS
Time from intubation to tracheostomy (days) [69] 16 (13–20) 14 (7–24) 18 (6–27) NS
Proning (days) [69] 0 (0–4) 0.5 (0–5) 0 (0–11) NS
Tracheostomy tube I.D.(mm) [69] F: 8 (8–8)

M: 9 (8–9)
F: 8 (7.5–8)
M: 9 (9–9)

F: 8 (8–8)
M: 9 (8–9)

NS

Need for tracheostomy tube downsizing [68/69] 15 (22.1%) 2 (12.5%) 9 (30%) NS
Tracheostomy to first cuff down (days) [65/69] 10 (7–13) 8 (2–10) [n = 15] 13 (7–26) [n = 29] < 0.0001
Last PCF before tracheostomy (L/min) [61/69] 90 (75–102) 70 (45–132) [n = 15] 101 (50–180) [n = 27] < 0.0001
First PCF after tracheostomy (L/min) (54) [54/69] 123 (100–150) 128 (70–200) [n = 10] 129 (68–180) [n = 23] NS
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ECMO (p = 0.026). Therefore, corticosteroid-treated 
patient disease severity did appear increased, in line with 
local guidance. Therefore, methylprednisolone use was 
controlled for in the regression model.

This Cox regression analysis identified  FiO2 ≥ 0.4 (HR 
1.80; 95% CI 0.89–3.60; p = 0.048) and last PCF before tra-
cheostomy (HR 2.27; 95% CI 1.78–4.45; p = 0.001) as inde-
pendent variables associated with prolonged tracheostomy 

Table 2  Enumeration of factors 
recognised to be associated with 
decannulation

Decannulation-related factors are presented according to data available for relevant time-points at the point 
of analysis
Square brackets [number of patients with data available/number of patients that reached the relevant time 
point], FiO2 fraction of inspired oxygen, IQR interquartile range, NA not applicable, RASS Richmond agita-
tion-sedation scale, SOEOB sitting on the edge of the bed
a FiO2 at tracheostomy is duplicated here for clarity

Variables All patients Group I (early) Group II (late)
N = 16 N = 30

RASS at sedation cessation [52/59]
 Unrousable (− 5), n (%) 1 (2) 0 (0) 1 (4.2)
 Light sedation (− 2), n (%) 3 (6) 0 (0) 0 (0)
 Drowsy (− 1), n (%) 8 (15) 1 (6.3) 4 (16.7)
 Alert (0), n (%) 30 (58) 11 (68.8) 15 (62.5)
 Restless (1), n (%) 8 (15) 3 (18.8) 4 (16.7)
 Agitated (2), n (%) 1 (2) 0 (0) 0 (0)
 Very agitated (3), n (%) 1 (2) 1 (6.3) 0 (0)

Mobility at sedation cessation [42/59]
 1 bed only, n (%) 15 (25) 6 (37.5) 8 (26.7)
 2 passive chair transfer (pat slide), n (%) 2 (3) 0 (0) 1 (3.3)
 3 SOEOB, n (%) 16 (26) 7 (43.8) 5 (16.7)
 4 active chair transfer, n (%) 9 (15) 2 (12.5) 6 (20)

Secretions at first successful cuff down [40/41]
 No secretions, n (%) 1 (2.5) 4 (22.2) 1 (3.7)
 Minimal secretions, n (%) 19 (47.5) 4 (22.2) 14 (51.9)
 Moderate secretions, n (%) 18 (45.0) 7 (38.9) 6 (22.2)
 Copious secretions, n (%) 2 (5.0) 1 (5.6) 0 (0)

Secretions at first cuff down [27/41]
 No secretions, n (%) 4 (10.0) 6 (40) 11 (52.4)
 Minimal secretions, n (%) 17 (42.5) 4 (26.7) 6 (28.6)
 Moderate secretions, n (%) 6 (15.0) 4 (26.7) 4 (19)
 Copious secretions, n (%) 0 (0.0) 1 (6.7) 0 (0)

Upper airway patency at first cuff down trial [38/41]
 Patent, n (%) 35 (92.0) 13 (92.9) 19 (95)
 Not patent, n (%) 3 (8.0) 1 (7.1) 1 (5)

Swallow adequacy at first cuff down trial [38/41]
 Adequate, number (%) 23 (61) 10 (71.4) 10 (52.6)
 Aspirating secretions, n (%) 15 (40) 4 (28.6) 9 (47.4)

Voice at first cuff down trial [40/41]
 Aphonic, n (%) 3 (8) 2 (13.3) 5 (23.8)
 Dysphonic, n (%) 29 (73) 12 (80) 15 (71.4)
 Normal, n (%) 7 (18) 1 (6.7) 1 (4.8)
 Not stated, n (%) 1 (3) 0 (0) 0 (0)

FiO2 peri-decannulation [25/35]
 FiO2 (at tracheostomy)a 0.40 (0.30–0.45) 0.3 (0.25–0.45) 0.4 (0.21–0.55)
 Value at decannulation, median (IQR) 0.21 (0.21–0.28) 0.23 (0.21–0.28) 0.23 (0.21–0.24)
 Fall in  FiO2 between tracheostomy and 

decannulation
0.12 (0.07–0.19) 0.14 (0.04–0.34) 0.12 (− 0.1–0.22)
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duration (Table 3). We did not find any known or suspected 
confounder of PCF (patient height, BMI, sedation, ethnicity, 
gender, and age [35–37]) that influenced this latter result in 
our cohort (e.g. Fig. 2).

Discussion

Tracheostomy insertion, care, and decannulation form a 
complex process requiring multidisciplinary input. Follow-
ing the creation of a COVID-19 tracheostomy protocol, we 
sought to better understand our outcomes. Intrinsic to this 
understanding is an appreciation of the factors that affect the 
decannulation process as these inform planning and help to 
ensure adequate ORL-HNS, ICU, and associated healthcare 
professional services for future peaks [16].

Patients were decannulated in a level 2 or 3 setting 
(Fig. 1) and decannulation in the COVID-19 cohort is likely 

to take longer than in comparable viral pneumonia patients 
as cuff deflation was delayed until after MV cessation to 
reduce aerosol generation. Our patients appear similar to 
critically unwell COVID-19 patients in the UK in terms of 
age and gender. However, their BMI is higher. Furthermore, 
three times the percentage of patients in our population are 
of Black ethnicity compared to national figures [31]. In the 
subgroup analysis, more patients in the early decannulation 
group (Group I) were female (Table 1) and this may be due 
to female patients generally being less severely affected by 
COVID-19 [38]. The reason for a higher median BMI in this 
group is less clear.

The increased number of patients of Black and Asian eth-
nicity is in keeping with UK national trends for these eth-
nicities to be over-represented in COVID-19 cohorts despite 
geographical adjustments [31, 39]. In our experience, this 
may be at least partly in keeping with the relatively high 
representation of these groups in the UK healthcare worker 
population [40].

Factors affecting tracheostomy decannulation

Our findings showed that the use of methylprednisolone was 
more common in Group II (late) (Table 1). This treatment 
was given for immunomodulation of hyperinflammatory 
(severe) COVID-19 according to our local protocols though 
the indications and effect of steroid treatment in this con-
text remains to be proven [24, 25]. In an attempt to identify 
more tracheostomy-related factors that may be associated 
with prolonged decannulation, its usage was controlled for 
in our multivariate analysis.

Our local guideline indicates a  FiO2 of 0.4 with PEEP of 
8  cmH2O prior to tracheostomy and we maintain good adher-
ence to these parameters (Table 1). Our analysis identified 

Table 3  Multiple regression analysis of factors associated with pro-
longed decannulation

We included variables that were significant in univariate analysis 
(Table 1): Black ethnicity, BMI, PEEP,  FiO2,  PaO2:  FiO2 ratio, first 
cuff down timing, and last PCF. Starting with the most significant 
variable in the univariate analysis, backward stepwise log-likelihood 
ratio was used to determine whether inclusion of a new variable 
improved the fit of the Cox regression multiple model. APACHE II, 
 FiO2, and PCF were continuous. Anti-muscarinic use was binary
APACHE II acute physiology and chronic health evaluation II, FiO2 
fraction of inspired oxygen, PCF peak cough flow

Variables Hazard ratio (95% CI) P value

APACHE II score ≥ 14 2.43 (0.97–6.17) 0.061
FiO2 ≥ 0.4 1.80 (0.89–3.60) 0.048
Last PCF before tracheostomy 2.27 (1.78–4.45) 0.001
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Fig. 2  Illustrative boxplots to peak cough flow confounding factors. a Age compared to last PCF before tracheostomy by decannulation group; b 
gender compared to last PCF before tracheostomy by decannulation group. F female, M male, PCF peak cough flow, y.o. years old
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PEEP,  FiO2,  PaO2:FiO2 ratio at tracheostomy, and the fall 
in  FiO2 from tracheostomy to decannulation as being worse 
in patients in Group II (Tables 1 and 2). This informed the 
Cox regression model from which a higher  FiO2 at trache-
ostomy emerged as an independent variable associated with 
prolonged tracheostomy duration. This finding is uncontro-
versial as we would expect patients with worse respiratory 
function—as marked by a higher oxygen requirement, even 
within the constraints of our selected population—to take 
longer to be decannulated.

Of the remaining factors fed forward to the multivariate 
regression, the last PCF (a measure of cough strength) prior 
to tracheostomy formation was a significant factor associ-
ated with delayed decannulation. We hypothesised that 
patients with a stronger PCF prior to tracheostomy may have 
a shorter tracheostomy duration as a strong cough typically 
denotes less ventilator-acquired weakness [20–22], and the 
literature supports this [41]. In fact, the opposite was found. 
We have not found any evidence of confounding by factors 
known to modulate PCF (e.g., Fig. 2) [35–37]. This leaves 
the interesting possibility that patients with worse COVID-
19 have more airway hyper-reactivity and that a similar 
stimulus may provoke a higher PCF in these patients due 
to greater airway inflammation, though this remains to be 
proven.

PCF following tracheostomy was not found to be cor-
related with tracheostomy duration. The reasons for this are 
likely multifactorial. Post-tracheostomy PCF measurements 
are generally measured on command rather than in response 
to standardised saline instillation or a spontaneous cough. 
Furthermore, other changes in physiology once a trache-
ostomy is inserted—such as reduced airway resistance and 
the ability to close the glottis—likely further confound this 
measurement.

Laryngotracheal sequelae of COVID‑19 airway 
management

Patients with > 7 days of orotracheal intubation (68/69, 
98.6% in our cohort) are known to be at increased risk of 
laryngotracheal complications and there has been specula-
tion that COVID-19 is associated with laryngeal oedema 
[42]. Despite this, there were no failed decannulations for 
respiratory reasons amongst our 35 decannulated patients 
and only a small number of patients (3/41, 7.3%) had upper 
airway obstruction signs on their first cuff down trial. Fur-
thermore, despite favouring tracheostomy tubes of larger 
inner diameter, the majority of decannulated patients (25/35, 
71.4%) did not require downsizing prior to decannulation. 
These findings suggest that concerns over laryngeal oedema 
may be unfounded or resolved by the time of tracheostomy 
weaning.

Finally, a series of 98 cases where a novel technique of 
passing a bronchoscope alongside an endotracheal tube was 
employed in percutaneous tracheostomy for COVID-19 
showed that only two patients (both on ECMO) had signifi-
cant upper airway oedema [29]. This reassuring finding will 
not necessarily carry forward to long-term speech, swallow-
ing, and breathing outcomes given the duration for which 
COVID-19 patients have had endotracheal and tracheostomy 
tubes in situ (Fig. 1) [9, 43]. Therefore, the high rate of dys-
phonia that we identified at the first cuff down trial (Table 2) 
requires further follow-up to determine whether we will see 
a significant laryngological rehabilitation burden.

Comparison with existing background literature 
regarding decannulation

Our study represents a relatively large report on the topic of 
decannulation in respiratory failure due to viral pneumonia, 
though limited in duration [21]. As mentioned, we are not 
aware of any respiratory-related failed tracheostomy decan-
nulations to date—though one patient failed decannulation 
due to seizures and we are aware of one other patient with 
COVID-19 who underwent tracheostomy for a neurological 
indication and failed decannulation due to laryngeal dys-
function. Our outcomes may be due to judicious ICU man-
agement of factors such as secretions (Table 2) with highly 
specialist physiotherapy and SLT input facilitating tailored 
weaning plans. Our intraoperative complication rate is com-
parable to the existing literature [44].

Comparison of our population to existing COVID‑19 
studies

This study represents the most detailed report of which we 
are aware regarding tracheostomy decannulation in COVID-
19 [26–30]. Compared to another report on tracheostomy 
outcomes in COVID-19 in a large and ethnically diverse city 
(New York, US), our male-to-female ratio of 2:1 is lower 
than their 3:1 ratio. Our populations are broadly compara-
ble—in terms of age and BMI—to other reports [28–31]. We 
tend to perform tracheostomy 5 days later (mean day 16.9 vs 
10.6 days), though the standard deviations of tracheostomy 
timing overlap between our groups [29]. The four patients 
excluded from the current study due to death from COVID-
19 represent 5.1% of all tracheostomies performed and this 
is also comparable [29]. There were no tracheostomy-related 
deaths in our cohort.

Due to the topical nature of this study, many patients are 
still completing their care. Therefore, a variable number of 
patients have complete outcomes and the overall sample, 
though comparable with respiratory failure subsets of exist-
ing studies, is small [21, 22]. This may have contributed to 
the imbalanced size of our subgroups which, combined with 
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the multiple comparisons made, make it difficult to draw any 
firm conclusions from the univariate analysis. Cox regres-
sion, on the other hand, is designed to control for these chal-
lenges. Following correction for disease severity, the number 
of variables that entered this analysis was limited to ensure 
that any significant results were adequately robust. Unfortu-
nately, it was not possible to gain patient input on factors that 
would have been important to them given the study timing.

Despite a design incorporating many factors of the thera-
pist-led decannulation process and clinician experience sug-
gesting that post-tracheostomy factors such as neurological 
status and myopathy should significantly affect tracheos-
tomy duration, this is not supported by the above evidence. 
A larger sample size with further disease severity controls 
would be needed to generate adequately large subgroups to 
power further analysis.

In patients undergoing tracheostomy for primary respira-
tory indications following COVID-19, multivariate analy-
sis identified that  FiO2 at tracheostomy was associated with 
time to decannulation. A high peak cough flow prior to 
tracheostomy formation is a novel finding associated with 
longer tracheostomy duration that appears worthy of further 
investigation, whereas recognised factors implicated in the 
decannulation process did not correlate with tracheostomy 
duration. It is our hope that an understanding of the time-
course of COVID-19 tracheostomy provided herein may 
allow better planning of care provision for future pandemic 
peaks.
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