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Abstract

:

Background: Tracheostomy can be performed safely in patients with coronavirus disease 2019 (COVID-19). However, little is known about the optimal timing, effects on outcome, and complications. Methods: A multicenter, retrospective, observational study. This study included 153 tracheostomized COVID-19 patients from 11 intensive care units (ICUs). The primary endpoint was the median time to tracheostomy in critically ill COVID-19 patients. Secondary endpoints were survival rate, length of ICU stay, and post-tracheostomy complications, stratified by tracheostomy timing (early versus late) and technique (surgical versus percutaneous). Results: The median time to tracheostomy was 15 (1–64) days. There was no significant difference in survival between critically ill COVID-19 patients who received tracheostomy before versus after day 15, nor between surgical and percutaneous techniques. ICU length of stay was shorter with early compared to late tracheostomy (p < 0.001) and percutaneous compared to surgical tracheostomy (p = 0.050). The rate of lower respiratory tract infections was higher with surgical versus percutaneous technique (p = 0.007). Conclusions: Among critically ill patients with COVID-19, neither early nor percutaneous tracheostomy improved outcomes, but did shorten ICU stay. Infectious complications were less frequent with percutaneous than surgical tracheostomy.
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1. Introduction


The novel coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). As a result of its highly infectious nature and rapid spread, COVID-19 is ravaging health systems worldwide [1,2,3]. Although the majority of individuals experience mild symptoms, the sheer volume of cases caused by the COVID-19 pandemic has led to an incredibly high number of critically ill patients requiring long-term intubation and invasive mechanical ventilation (MV), with prolonged intensive care unit (ICU) stay and sedation requirements [4].



Before the onset of the COVID-19 pandemic, it was common practice in the ICU setting to stratify time to tracheostomy based on distinct definitions of “early” and “late” [5,6,7,8]. Time to tracheostomy is influenced by several factors, including patient and family expectations, predicted outcomes, and the likelihood of weaning from mechanical ventilation [9]. Early tracheostomy was considered helpful in shortening the duration of MV, with the advantage of increasing patient comfort while reducing sedation requirements [10]. However, there is little evidence to support that early versus late tracheostomy improves survival, shortens the duration of mechanical ventilation and ICU length of stay or reduces lower respiratory tract infections [9,10,11,12,13] in general ICU patients.



Similar considerations can be made for surgical versus percutaneous tracheostomy techniques. A randomized controlled trial in general ICU patients investigating differences between the two and their effects on outcome and short-long term complications found a higher rate of systemic infectious complications in the surgical group compared to the percutaneous group, but the difference did not reach statistical significance [14]. Similar rates of ventilator-associated pneumonia with surgical and percutaneous techniques have been reported [11]. In short, to date, there is no evidence to support a definitive recommendation of one technique over the other.



In COVID-19 cases, the possible complications derived from prolonged endotracheal intubation should be weighed against the risk of viral exposure of hospital staff during aerosol-generating procedures [15]. The high rate of failed weaning from the ventilator and failed endotracheal extubation in COVID-19 suggests a potential need for early tracheostomy [16], since it may help shorten the weaning phase and reduce the rate of associated complications [4,17]. Recent guidelines on the management of tracheostomy in COVID-19 recommend using surgical instead of percutaneous techniques to limit aerosol and droplet exposure, although limited data are available on the comparison of these techniques in the COVID-19 population [18,19].



Based on the foregoing, the primary endpoint of this study was the median time to tracheostomy in critically ill COVID-19 patients. Secondary endpoints were the comparative impacts of early versus late tracheostomy and surgical versus percutaneous tracheostomy on survival, length of ICU stay, and post-tracheostomy complications. Several patient characteristics of interest were also assessed, including weaning attempts before tracheostomy and ventilatory settings on days 1, 7, 15, and the day of tracheostomy.




2. Materials and Methods


2.1. Study Design


This was an observational, retrospective, multicenter study conducted in 11 Italian ICUs (Supplementary Materials, SM) coordinated by the Department of Anesthesia and Intensive Care, San Martino Policlinico Hospital, IRCCS for Oncology and Neuroscience, Genoa, Italy.



This study was reviewed and approved by the relevant Institutional Review Board (Comitato Etico Regione Liguria, Italy, N. 163/2020; San Martino Policlinico Hospital, IRCCS for Oncology and Neuroscience, Genoa, Italy). Written informed consent was waived due to the retrospective nature of the study. This report follows the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) recommendations.




2.2. Patient Selection, Inclusion, and Exclusion Criteria


WeanTrach enrolled critically ill patients with a positive real-time polymerase chain reaction (RT-PCR) nasopharyngeal swab for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), admitted to the study ICUs, who underwent surgical or percutaneous tracheostomy.



We excluded patients who did not receive tracheostomy and those aged <18 years. Patients were included between 20 April and 30 June 2020.



Percutaneous dilatational tracheostomies were primarily performed at the bedside in the ICUs by intensivists, whereas the specialist head and neck surgeons performed surgical tracheostomies in patients with difficult anatomy or other presumed obstacles to percutaneous technique. Open tracheostomies were mostly performed in the operating theater, and occasionally at the bedside in the ICU as necessary.




2.3. Data Collection


Data were collected from electronic medical records as part of routine ICU care. Access to the data was managed by the coordinating center.



Data of interest included demographic and past medical history from the day of hospital admission to the day of hospital discharge. The following demographic information was collected: age in years, gender, body mass index (BMI), history of hypertension, diabetes mellitus, chronic respiratory disease (defined as chronic obstructive pulmonary disease or asthma), chronic renal disease (defined as estimated glomerular filtration rate <30 mL/min/1.73 m2), chronic liver disease (defined as acute or chronic compensated or decompensated liver cirrhosis), chronic heart disease (defined as a history of current or previous cardiac dysfunction), cancer or hematological malignancy, smoking (defined as a current or former smoker), and chronic neurologic disease (any disease of the brain, spinal cord, peripheral neuropathy, cranial nerve disorder, autonomic nervous system disorder, seizure disorder, movement disorder, migraine, central neuropathy, neuropsychiatric illness).



Respiratory settings were collected for both invasively and non-invasively ventilated patients. Parameters included type of ventilation [conventional oxygen therapy (COT), non-invasive mechanical ventilation (NIMV), invasive mechanical ventilation (IMV)], type of IMV (pressure-controlled ventilation, volume-controlled ventilation, assisted ventilation), ventilator settings [tidal volume, respiratory rate, plateau pressure, minute ventilation, positive end-expiratory pressure (PEEP), fraction of inspired oxygen (FiO2)], and blood gas parameters [partial pressure of oxygen (PaO2), partial pressure of carbon dioxide (PaCO2), pHa, PaO2/FiO2 ratio, bicarbonates, lactates], recorded at days 1, 7, 15, and on the day of tracheostomy.



Time to tracheostomy, time to weaning, time to extubation, time to ICU admission, time from symptom onset to hospital admission, time to endotracheal intubation, the reason for tracheostomy, and date of ICU discharge were collected.



In-ICU events of interest included duration of mechanical ventilation, ICU length of stay, post-tracheostomy ICU length of stay, complications derived from surgical or percutaneous tracheostomy techniques [including hemorrhage, tracheostomy stoma infection, lower respiratory tract infection (defined as positive bronchoalveolar lavage fluid), stenosis, thrombosis, death], the reason for death, and microorganisms found in bronchoalveolar lavage fluid (BALF) before and after tracheostomy.




2.4. Definitions


	○

	
Early tracheostomy was defined as a tracheostomy performed within the first 15 days after endotracheal intubation, while late tracheostomy was defined as a tracheostomy performed ≥ 15 days after endotracheal intubation. The reason for selecting 15 days as the cut-off for early and late tracheostomy was based on the median time to tracheostomy performance in our cohort.




	○

	
Time to tracheostomy was defined as the time elapsed from endotracheal intubation to tracheostomy.




	○

	
Time to weaning was defined as the time from endotracheal intubation to the first spontaneous breathing trial (SBT).




	○

	
SBT was defined as the first attempt to reduce respiratory support before extubation (removal of endotracheal tube and respiratory support). The execution of a SBT did not automatically lead to extubation.




	○

	
Time to extubation was defined as the time between the insertion and the removal of an artificial airway such as an endotracheal tube or tracheostomy tube.




	○

	
Extubation was defined as the removal of an artificial airway. This term was used either for the removal of an endotracheal tube or tracheostomy tube.




	○

	
Time to ICU admission was defined as the time from hospital admission to ICU admission.




	○

	
Time to endotracheal intubation in ICU was defined as the time from ICU admission to endotracheal intubation.




	○

	
ICU discharge was defined as the last day of ICU stay, irrespective of death or discharge to another non-ICU ward.




	○

	
Length of ICU stay was defined as the time between ICU admission and ICU discharge, irrespective of death or discharge to another non-ICU ward.




	○

	
Post-tracheostomy ICU length of stay was considered as the time between tracheostomy and ICU discharge.




	○

	
Reasons for tracheostomy were categorized as follows: prolonged weaning expected, neurological impairment (inability to maintain patient airways because of neurological condition), extubation failure (failure of SBT and/or extubation needing re-intubation), and airway failure (inability to maintain patient airways because of upper airway causes).








2.5. Statistical Analysis


No sample size calculation was performed because of the exploratory, descriptive, and retrospective nature of this study. For descriptive summary statistics, variables were reported as mean (standard deviation), median (range), or absolute and relative frequencies, as appropriate.



The Mann–Whitney U test was applied to evaluate differences in ICU length of stay between groups (surgical versus percutaneous tracheostomy, late versus early timing). The estimation of any association between complications of tracheostomy and type of intervention (surgical versus percutaneous) was assessed with a preliminary univariate analysis (chi-square test with Yates correction or Fisher’s exact test), followed by a multivariate logistic regression model adjusted for all the baseline variables. The same approach was used with tracheostomy timing (early versus late) as a dependent variable. Time to survival was analyzed with Kaplan–Meier estimates; the log-rank test was used for comparison between groups.



Two-sided p-values ≤ 0.05 were considered statistically significant. All analyses were performed using SPSS® version 25.0 (IBM Corp., Armonk, NY, USA).





3. Results


Overall characteristics at hospital and ICU admission of the 153 tracheostomized COVID-19 patients who fulfilled the inclusion criteria are reported in Table 1. Other characteristics of patients at hospital and ICU admission are reported in Table S1.



Characteristics of medical treatments and ventilatory management on days 1, 7, and 15 after ICU admission and on the day of tracheostomy are reported in Table S2 and Table S3, respectively.



The median time to tracheostomy was 15 (1–64) days. Seventy-six (49.67%) patients underwent early tracheostomy, while 77 (50.33%) underwent late tracheostomy.



Percutaneous tracheostomy was more frequent than open (surgical) techniques (n = 100, 65.36% versus n = 53, 34.64%, respectively).



The reasons for tracheostomy included inability to be weaned from the ventilator (n = 143, 93.5%), neurological impairment (n = 5, 3.3%), extubation failure (n = 2, 1.3%), airway failure (n = 1, 0.7%), and were unspecified in 2 patients (1.3%). Thirty (19.6%) patients ultimately underwent tracheostomy closure.



Weaning from the ventilator was mainly performed by using the spontaneous breathing trial (SBT) technique in pressure-support ventilation mode (N = 84, 54.9%).



The median time from endotracheal intubation to SBT was 12.0 (1.0–35.0) days. The median time from endotracheal intubation to extubation from the endotracheal tube was 12.0 (1.0–28.0) days, whereas the median time from extubation from the endotracheal tube to tracheostomy was 13.0 (1.0–52.0) days.



Nineteen patients were ultimately extubated from the endotracheal tube before tracheostomy, while 133 were never extubated before tracheostomy (missing N = 1 patient). Among those who were extubated, 4 (21.1%) underwent early tracheostomy, while 15 (78.9%) underwent late tracheostomy. Among those never extubated from the endotracheal tube before tracheostomy, 71 (53.4%) underwent early tracheostomy, while 62 (46.6%) underwent late tracheostomy (p = 0.008). Finally, all the included 153 patients underwent tracheostomy.



After tracheostomy, 85 (55.6%) patients gradually become free of an artificial airway (10 of them died during ICU stay, 1 patient missing data); 49 (32.0%) patients were never extubated from the tracheostomy tube and all of them died during ICU stay, while data of 19 (12.4%) patients were missing.



A higher rate of tracheostomy closure was found in patients who underwent a surgical versus percutaneous tracheostomy (OR 4.23; 95% CI 1.00–17.86, p = 0.049).



3.1. Cumulative Probability of Survival


The cumulative probability of survival in the overall population is shown in Figure S1. Timing and causes of death are reported in Table S4. The cumulative probability of survival in critically ill COVID-19 patients did not differ between those who received an early tracheostomy and those who were tracheostomized later (p = 0.84). Figure 1 shows the cumulative probability of survival after early or late tracheostomy at follow-up (up to 60 days).



The probability of survival after tracheostomy did not differ significantly between patients who received surgical versus percutaneous tracheostomy (p = 0.66), as shown in Figure 2.



The probability of survival did not differ significantly between patients who received early versus late surgical tracheostomy, and early versus late percutaneous tracheostomy (Figures S2 and S3).




3.2. ICU Length of Stay


Early tracheostomy resulted in shorter overall ICU stay (time between ICU admission and ICU discharge) when compared to late tracheostomy [median 24.0 (5.0–98.0) versus 46.0 (16.0–133.0) days, p < 0.001]. Similarly, percutaneous dilatational tracheostomy resulted in shorter overall ICU stay when compared to surgical tracheostomy [median 30.0 (5.0–133.0) versus 40.0 (20.0–103.0) days, p = 0.050].



When considering post-tracheostomy ICU length of stay (from the day of tracheostomy to the day of ICU discharge), the median length of stay for those undergoing early and late tracheostomy was 15.0 (1.0–82.0) days and 22.5 (1.0–86.0) days, respectively (p = 0.031).



Again, percutaneous compared to surgical tracheostomy resulted in shorter ICU length of stay [median 16.0 (1.0–82.0) days and 24.0 (6.0–86.0) days, respectively], but not significantly so (p = 0.070).




3.3. Post-Tracheostomy Complications


Complications after early and late tracheostomy, as well as in surgical and percutaneous tracheostomy groups, are reported in Table 2. The most common pathogens identified in the bronchoalveolar lavage fluid before and after tracheostomy are reported in Table S5.





4. Discussion


Few studies comparing early and late and surgical and percutaneous tracheostomy techniques in COVID-19 have been published to date.



In our cohort of tracheostomized critically ill patients with COVID-19 pneumonia, we found that: (1) the median time to tracheostomy was 15 (1–64) days; (2) there was no difference in survival in patients who received tracheostomy before or after 15 days, nor between surgical and percutaneous techniques; (3) early and percutaneous tracheostomy did not improve outcomes, but was associated with shorter ICU stay; (4) post-tracheostomy infection of the lower respiratory tract were less frequent with percutaneous dilatational tracheostomy than with surgical techniques.



4.1. Timing and Type of Tracheostomy


Our data on COVID-19 subjects revealed a median time to tracheostomy of 15 (1–64) days. This was set as the cut-off for defining the early and late time of tracheostomy. In fact, 76 (49.67%) patients underwent early tracheostomy, while 77 (50.33%) patients underwent late tracheostomy. Additionally, in our cohort of critically ill COVID-19 patients, percutaneous tracheostomy was performed in 100 patients, while surgical tracheostomy was performed in 53 patients. Of importance, although considered as a secondary endpoint, 19 patients were extubated (all of them reintubated), while 133 were never extubated before tracheostomy. Among those who were extubated, 21.1% underwent early tracheostomy, while 78.9% underwent late tracheostomy (p = 0.008). This can be interpreted as the extubation followed by re-intubation could have influenced the time of tracheostomy and ICU length of stay.



Conventionally, tracheostomy is performed in general ICU patients with ongoing mechanical ventilation up to 3 weeks after endotracheal intubation [9], with an increasing tendency to reduce the time to tracheostomy. Studies and meta-analyses investigating the effect of tracheostomy timing on clinical outcomes have reported variable results. In patients with acute respiratory distress syndrome (ARDS), the mean time to tracheostomy is 14 days [20], while 10 days is considered as a conventional cut-off for early versus late tracheostomy in general ICU patients [13].



Several national protocols and international guidelines have published guidance on the management of tracheostomy in COVID-19, despite the scarcity of evidence in the literature [16,21]. During the COVID-19 pandemic, the mean time to tracheostomy has often been longer than usual. Kwak et al. [22] reported a mean time of 12.2 days, very close to that reported in a prospective observational study of 100 tracheostomized COVID-19 patients in the United Kingdom (13.9 ± 4.5 days) [23]. In a cohort of 270 mechanically ventilated patients, of whom 98 underwent percutaneous dilatational tracheostomy, the mean time to tracheostomy was 10.6 ± 5 days [24], shorter than that reported by Tang et al. [25] and Chao et al. [26].



As shown in the COVID-19 literature, the timing of tracheostomy must strike a balance between possible risks to clinicians and optimal outcomes for patients [22,27]. Information on the massive viral load and high infectivity of SARS-CoV-2 appears to have led to delays or even avoidance of tracheostomy in this population. In the early stage of ICU admission (within 7 days after endotracheal intubation), the literature on general non-COVID-19 patients agrees concerning the possible deferment of more aggressive treatment approaches, thus limiting the potential favorable effects of tracheostomy over the possible risk of periprocedural complication [28]. This has been emphasized in COVID-19, since during the early phase of the disease, patients can present with a higher viral load, increasing the risk of infection of health care providers [28]. Several meta-analyses of studies conducted in non-COVID-19 patients have concluded that percutaneous techniques are performed more quickly than surgical tracheostomy [29,30]. This is even more important in the COVID-19 setting, in which the time of operator exposure to the virus takes on a pivotal role; open surgical techniques are presumed to pose a greater risk to the operator, thus requiring more caution.




4.2. Cumulative Probability of Survival


In our study, we find no differences in survival in patients who received tracheostomy before or after 15 days. Moreover, survival did not differ significantly between patients who received early versus late surgical tracheostomy, and early versus late percutaneous tracheostomy.



Rosano et al. [18] investigated if early percutaneous tracheostomy (cut-off 10 days) was independently associated with increased hospital mortality. Tracheostomized patients significantly died more than non-tracheostomized. However, this study did not investigate survival between early and late tracheostomies, being of limited interest for our aims. In a smaller report of 29 COVID-19 patients, early tracheostomy did not influence mortality [31]. As reported by Kwak et al. and Shultz et al. [22,32], late tracheostomy did not significantly influence survival in studies that assessed this parameter, which is in line with our findings. As for surgical and percutaneous tracheostomies and survival, no data are available in the literature, making our study the first one assessing this endpoint. Nevertheless, we strongly believe that length of stay is a more interesting outcome to assess in this patient population.




4.3. Length of ICU Stay


In our study, early tracheostomy was associated with a shorter overall ICU stay. This should be highlighted since the ICU stay might be considered as a better outcome than survival in COVID-19 patients. It also resulted as being of significance when considering “tracheostomy-ICU stay”, suggesting that the time of tracheostomy might have influenced ICU length of stay. Of interest also was that percutaneous tracheostomy shortened ICU stay significantly as compared to surgical tracheostomy, but it was not confirmed when “tracheostomy-ICU stay” was considered.



In studies including non-COVID-19 patients [6,33,34,35], early tracheostomy was associated with shorter overall ICU stay, shorter duration of sedation, and reduced long-term mortality when compared to late tracheostomy. However, despite its advantages, early tracheostomy in general ICU patients is not clearly supported by the literature [9,10,11,12,13].



In the abovementioned report of 29 COVID-19 patients, early tracheostomy did not influence ICU length of stay [31]. Conversely, the Queen Elizabeth Hospital Birmingham COVID-19 airway team reported a shorter ICU length of stay for early compared to late tracheostomy (cut-off at 14 days), with p < 0.0001 [23]. Differently from our study, significance in ICU length of stay was not identified when considering “tracheostomy-ICU stay”. Controversially, Kwak et al. calculated the overall-ICU length of stay (between the day of ICU admission and the day of ICU discharge), missing results on the possible intervention of tracheostomy to this endpoint.




4.4. Post-Tracheostomy Complications


In our study, the time to tracheostomy did not significantly influence the rate of complications. Additionally, surgical tracheostomy was associated with significantly lower respiratory tract infections than percutaneous tracheostomy. The pathogens most commonly identified before and after tracheostomy included Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus aureus, Candida albicans, and Acinetobacter baumannii.



Massick et al. [36] reported a higher incidence of complications with percutaneous technique than open surgical tracheostomy. Similarly, Silvester et al. [14] reported a higher incidence of bleeding requiring surgical intervention in the percutaneous group, while infections were more frequent in the surgical group. Antonelli et al. [37], in a randomized controlled trial, found higher rates of systemic infectious complications in the surgical group than in the percutaneous groups (more positive pharyngeal swabs and tracheal aspirates and blood cultures), but the difference was not significant. Terragni et al. [11] reported similar rates of ventilator-associated pneumonia between surgically and percutaneously tracheostomized patients. Likewise, Sole et al. [38] reported no significant differences in lower respiratory tract infections before and after dilatational percutaneous tracheostomy (52% pre and 48% post).



Few studies investigated the type and rate of complications in the non-COVID-19 population. The impact of the time of tracheostomy on complications might be considered of great interest in COVID-19, as the time of disease represents a pivotal parameter to understand the hyperinflammatory state and coagulation disorders typical of certain stages of COVID-19 disease [39,40].



Two recent studies reported that in their cohorts of 201 and 100 tracheostomized COVID-19 patients respectively, of whom 124 and 70 underwent percutaneous tracheostomies, while 77 and 30 underwent surgical tracheostomies, no differences in the rate of perioperative complications were found [19,41]. In the smaller of these cohorts [41], 26 (55.3%) patients experienced stoma infection, hemorrhage, and subcutaneous emphysema. Botto et al. reported local infections, hemorrhage, and subcutaneous emphysema in 52.9% after percutaneous tracheostomy, versus 60.0% after surgical tracheostomy. However, complication rates were not significantly different between groups [41]. The pathogens identified in the smaller cohort of 30 COVID-19 patients were slightly different from those identified in our sample [41]. In another study, delayed complications of tracheostomy included cuff leaks and bleeding at the stoma site [42]. Picetti et al. [43], in 66 COVID-19 ICU patients who underwent tracheostomy, reported stoma infection and hemorrhage as the most common complications and the time to tracheostomy as “very early” (around 6 days). Tang et al. reported tracheostoma bleeding as the leading complication [14 (17.5%)], with major bleeding occurring in 4 patients (5.0%) [25], but with a time to tracheostomy performance of 17.5 days. As abovementioned, this may be explained by the variety of clinical presentations of COVID-19 coagulopathy [39,40]. In fact, antithrombotic treatment and the natural history of the disease itself may lead to hemorrhagic or pro-coagulative complications, especially in the early phase, with an increase in pro-inflammatory cytokines, coagulation disorders, and endothelial and microvascular cell damage, that may be variable in timing and presentation [44]. Therefore, the choice to delay tracheostomy in this patient population seems reasonable at face value. However, COVID-19 is often associated with longer ventilator time than expected, more patient-ventilator asynchronies, and a more difficult and longer weaning phase than in non-COVID-19 critical illness. Finally, the fact that prolonged mechanical ventilation is associated with more complications and longer ICU stay suggests that early tracheostomy should be deployed more widely in this patient cohort. Finally, we might conclude that percutaneous tracheostomy seems to cause fewer infectious complications than surgical techniques, both in COVID-19 and non-COVID-19 cohorts, although it is associated with a higher risk of bleeding.




4.5. Limitations


Several limitations of the present study must be addressed. First, due to its retrospective nature, some key statistical tests could not be performed, and significant biases may have affected patient selection. Second, temporal relationships are frequently difficult to assess. Third, retrospective studies often need very large sample sizes to detect rare outcomes. Even if a patient is ready for ICU discharge, “time of ICU discharge” may not be the same as “time of ICU discharge decision” due to organizational problems. Additionally, no data on general complications were collected (including polyneuropathy or critical illness), but only data concerning complications related to tracheostomy as interest for our primary and secondary endpoints, while a huge amount of data concerning the management of neuromuscular paralysis were missing, as expected in a retrospective study. In fact, most of the centers could not have been retrospectively accessed as to the reason for percutaneous or surgical tracheostomy, therefore potentially influencing outcomes.





5. Conclusions


In critically ill COVID-19 patients, the median time to tracheostomy was longer than described in non-COVID-19 subjects. The timing and type of tracheostomy did not affect survival but did shorten overall-ICU stay (shorter for early and percutaneous tracheostomy), even when considering “tracheostomy-ICU stay”. Post-tracheostomy infection of the lower respiratory tract was less frequent with percutaneous dilatational tracheostomy than with the surgical technique. A randomized multicenter trial is warranted and clearly needed to elucidate the potential benefit of early and percutaneous tracheostomy in critically ill, mechanically ventilated COVID-19 patients.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/jcm10122651/s1: List of participating centers [p. 2]. Table S1. Baseline characteristics of patients at ICU admission stratified for timing and type of tracheostomy. [p. 3, 4]. Table S2. Treatment characteristics of COVID-19 patients. [p. 5]. Table S3. Characteristics of ventilatory management on days 1, 7, 15 from ICU admission until the day of tracheostomy. [p. 6]. Figure S1. Cumulative survival of critically ill COVID-19 patients after tracheostomy. [p. 7] Table S4. Timing and cause of death COVID-19 patients. [p. 8]. Figure S2. Cumulative survival after receiving percutaneous tracheostomy (early vs. late) [p. 9]. Figure S3. Cumulative survival after receiving surgical tracheostomy (early vs. late) [p. 9]. Table S5. Pathogens identified in bronchoalveolar lavage fluid before and after tracheostomy. [p. 10].





Author Contributions


Conceptualization, D.B., P.P., G.P. (Giorgio Peretti), F.M. (Francesco Missale), M.F., and F.M. (Francesco Mora); methodology, D.B., I.S., F.M. (Francesco Missale); validation, all authors; formal analysis, D.B., I.S., A.S.; investigation, D.B., F.M. (Francesco Missale), M.F., F.I., A.A., A.B., F.P., S.G., F.M. (Francesco Murgolo), S.B., D.M., G.M., G.S. (Gabriele Sales), G.P. (Giuseppe Pascarella), F.E.A., G.F. (Gaia Faccio), S.F., S.S., G.F. (Giulia Falò), N.M., A.U., J.G.M., B.A., M.V., G.S. (Giuseppe Servillo), C.R., L.B., F.M. (Francesco Mora), D.R.G., A.V.; data curation, D.B., I.S.; writing—original draft preparation, D.B.; writing—review and editing, D.B., P.P., P.R.M.R., A.T., M.B., G.P. (Giorgio Peretti); supervision, P.P., P.R.M.R.; project administration, D.B.; funding acquisition, P.R.M.R. All authors have read and agreed to the published version of the manuscript.




Funding


This paper was funded by the Brazilian Council for Scientific and Technological Development (COVID-19-CNPq) 401700/2020-8 and 403485/2020-7, the Rio de Janeiro State Research Foundation (COVID-19-FAPERJ) E-26/210.181/2020, the Funding Authority for Studies and Projects (FINEP) 01200008.00, and the Brazilian Ministry of Science, Technology, and Information COVID-19 Network (RedeVírus MCTI).




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of Regione Liguria, Italy, N. 163/2020; San Martino Policlinico Hospital, IRCCS for Oncology and Neuroscience, Genoa, Italy.




Informed Consent Statement


Written informed consent was waived due to the retrospective nature of the study. This report follows the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) recommendations.




Data Availability Statement


The data presented in this study are available on reasonable request from the corresponding author.




Acknowledgments


The authors express their gratitude to Moira Elizabeth Schottler (Rio de Janeiro, Brazil) and Filippe Vasconcellos (São Paulo, Brazil) for their assistance in editing the manuscript. We would like to acknowledge the WeanTrach collaborators §, and all the names of the individual mem-bers of the WeanTrach group to be searchable through their individual PubMed records. § WeanTrach collaborators: Iole Brunetti (San Martino Policlinico Hospital, IRCCS for Oncology and Neuroscience), Nicolò Patroniti (San Martino Policlinico Hospital, IRCCS for Oncology and Neuroscience; University of Genoa), Pasquale Buonanno (Universitã degli Studi di Napoli Federico II) , Filippo Palmesino (Cittã della Salute e della Scienza Hospital), Luca Brazzi (Cittã della Salute e della Scienza Hospital), Rita Cataldo (Universitã Campus Bio-Medico di Roma), Carlo Alberto Volta (University of Ferrara), Lara Delpiano (University of Genoa), Daniela Emanuela Maria Di Stefano (“Garibaldi Centro” Hospital, ARNAS Garibaldi), Marta Francesca Negri (Ospedale di Treviglio-Caravaggio), Davide Lombardi (University of Brescia, ASST-Spedali Civili of Brescia), Francesco Zuccalã (ASST Spedali Civili di Brescia), Rachele Iannuzzello (Universitã degli Studi di Bari “Aldo Moro”).




Conflicts of Interest


The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria, stock ownership or options, expert testimony, grants or patents received or pending, or royalties.




References


	



Kowalski, L.P.; Sanabria, A.; Ridge, J.A.; Ng, W.T.; Bree, R.; Rinaldo, A.; Takes, R.P.; Mäkitie, A.A.; Carvalho, A.L.; Bradford, C.R.; et al. COVID-19 pandemic: Effects and evidence-based recommendations for otolaryngology and head and neck surgery practice. Head Neck 2020, 42, 1259–1267. [Google Scholar] [CrossRef]

	



Grasselli, G.; Zangrillo, A.; Zanella, A.; Antonelli, M.; Cabrini, L.; Castelli, A.; Cereda, D.; Coluccello, A.; Foti, G.; Fumagalli, R.; et al. Baseline Characteristics and Outcomes of 1591 Patients Infected With SARS-CoV-2 Admitted to ICUs of the Lombardy Region, Italy. JAMA 2020, 323, 1574. [Google Scholar] [CrossRef]

	



Vena, A.; Giacobbe, D.R.; Di Biagio, A.; Mikulska, M.; Taramasso, L.; De Maria, A.; Ball, L.; Brunetti, I.; Loconte, M.; Patroniti, N.A.; et al. Clinical characteristics, management and in-hospital mortality of patients with coronavirus disease 2019 in Genoa, Italy. Clin. Microbiol. Infect. 2020, 26, 1537–1544. [Google Scholar] [CrossRef]

	



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.; et al. Tracheostomy in the COVID-19 era: Global and multidisciplinary guidance. Lancet Respir. Med. 2020, 8, 717–725. [Google Scholar] [CrossRef]

	



Young, D.; Harrison, D.A.; Cuthbertson, B.H.; Rowan, K.; TracMan Collaborators. Effect of Early vs Late Tracheostomy Placement on Survival in Patients Receiving Mechanical Ventilation. JAMA 2013, 309, 2121. [Google Scholar] [CrossRef] [PubMed]

	



Pan, L.; Guo, Y. Effect of Early Versus Late Tracheotomy in Critically Ill Patients: A Systematic Review and Meta-analysis. Chest 2016, 149, A165. [Google Scholar] [CrossRef]

	



Catalino, M.P.; Lin, F.-C.; Davis, N.; Anderson, K.; Olm-Shipman, C.; Dedrick Jordan, J. Early versus late tracheostomy after decompressive craniectomy for stroke. J. Intensive Care 2018, 6, 1. [Google Scholar] [CrossRef] [PubMed]

	



Aquino Esperanza, J.; Pelosi, P.; Blanch, L. What’s new in intensive care: Tracheostomy—What is known and what remains to be determined. Intensive Care Med. 2019, 45, 1619–1621. [Google Scholar] [CrossRef] [PubMed]

	



Trouillet, J.-L.; Luyt, C.-E.; Guiguet, M.; Ouattara, A.; Vaissier, E.; Makri, R.; Nieszkowska, A.; Leprince, P.; Pavie, A.; Chastre, J.; et al. Early Percutaneous Tracheotomy Versus Prolonged Intubation of Mechanically Ventilated Patients After Cardiac Surgery. Ann. Intern. Med. 2011, 154, 373. [Google Scholar] [CrossRef] [PubMed]

	



Griffiths, J.; Barber, V.S.; Morgan, L.; Young, J.D. Systematic review and meta-analysis of studies of the timing of tracheostomy in adult patients undergoing artificial ventilation. BMJ 2005, 330, 1243. [Google Scholar] [CrossRef]

	



Terragni, P.P.; Antonelli, M.; Fumagalli, R.; Faggiano, C.; Berardino, M.; Pallavicini, F.B.; Miletto, A.; Mangione, S.; Sinardi, A.U.; Pastorelli, M.; et al. Early vs. Late Tracheotomy for Prevention of Pneumonia in Mechanically Ventilated Adult ICU Patients. JAMA 2010, 303, 1483. [Google Scholar] [CrossRef]

	



Blot, F.; Similowski, T.; Trouillet, J.-L.; Chardon, P.; Korach, J.-M.; Costa, M.-A.; Journois, D.; Thiéry, G.; Fartoukh, M.; Pipien, I.; et al. Early tracheotomy versus prolonged endotracheal intubation in unselected severely ill ICU patients. Intensive Care Med. 2008, 34, 1779–1787. [Google Scholar] [CrossRef]

	



Freeman, B.D. Tracheostomy Update. Crit. Care Clin. 2017, 33, 311–322. [Google Scholar] [CrossRef]

	



Silvester, W.; Goldsmith, D.; Uchino, S.; Bellomo, R.; Knight, S.; Seevanayagam, S.; Brazzale, D.; McMahon, M.; Buckmaster, J.; Hart, G.K.; et al. Percutaneous versus surgical tracheostomy: A randomized controlled study with long-term follow-up*. Crit. Care Med. 2006, 34, 2145–2152. [Google Scholar] [CrossRef]

	



Givi, B.; Schiff, B.A.; Chinn, S.B.; Clayburgh, D.; Iyer, N.G.; Jalisi, S.; Moore, M.G.; Nathan, C.-A.; Orloff, L.A.; O’Neill, J.P.; et al. Safety Recommendations for Evaluation and Surgery of the Head and Neck During the COVID-19 Pandemic. JAMA Otolaryngol. Neck Surg. 2020, 146, 579. [Google Scholar] [CrossRef]

	



Pandian, V.; Morris, L.L.; Brodsky, M.B.; Lynch, J.; Walsh, B.; Rushton, C.; Phillips, J.; Rahman, A.; DeRose, T.; Lambe, L.; et al. Critical Care Guidance for Tracheostomy Care During the COVID-19 Pandemic: A Global, Multidisciplinary Approach. Am. J. Crit. Care 2020, 29, e116–e127. [Google Scholar] [CrossRef]

	



Putensen, C.; Theuerkauf, N.; Guenther, U.; Vargas, M.; Pelosi, P. Percutaneous and surgical tracheostomy in critically ill adult patients: A meta-analysis. Crit. Care 2014, 18, 544. [Google Scholar] [CrossRef]

	



Rosano, A.; Martinelli, E.; Fusina, F.; Albani, F.; Caserta, R.; Morandi, A.; Dell’Agnolo, P.; Dicembrini, A.; Mansouri, L.; Marchini, A.; et al. Early Percutaneous Tracheostomy in Coronavirus Disease 2019: Association with Hospital Mortality and Factors Associated With Removal of Tracheostomy Tube at ICU Discharge. A Cohort Study on 121 Patients*. Crit. Care Med. 2021, 49, 261–270. [Google Scholar] [CrossRef] [PubMed]

	



Rovira, A.; Tricklebank, S.; Surda, P.; Whebell, S.; Zhang, J.; Takhar, A.; Yeung, E.; Fan, K.; Ahmed, I.; Hopkins, P.; et al. Open versus percutaneous tracheostomy in COVID-19: A multicentre comparison and recommendation for future resource utilisation. Eur. Arch. Oto-Rhino-Laryngol. 2021, 9, 1–8. [Google Scholar] [CrossRef]

	



Bellani, G.; Laffey, J.G.; Pham, T.; Fan, E.; Brochard, L.; Esteban, A.; Gattinoni, L.; van Haren, F.; Larsson, A.; McAuley, D.F.; et al. Epidemiology, Patterns of Care, and Mortality for Patients with Acute Respiratory Distress Syndrome in Intensive Care Units in 50 Countries. JAMA 2016, 315, 788. [Google Scholar] [CrossRef]

	



Bier-Laning, C.; Cramer, J.D.; Roy, S.; Palmieri, P.A.; Amin, A.; Añon, J.M.; Bonilla-Asalde, C.A.; Bradley, P.J.; Chaturvedi, P.; Cognetti, D.M.; et al. Tracheostomy During the COVID-19 Pandemic: Comparison of International Perioperative Care Protocols and Practices in 26 Countries. Otolaryngol. Neck Surg. 2020, 019459982096198. [Google Scholar] [CrossRef]

	



Kwak, P.E.; Connors, J.R.; Benedict, P.A.; Timen, M.R.; Wang, B.; Zhang, Y.; Youlios, S.; Sureau, K.; Persky, M.J.; Rafeq, S.; et al. Early Outcomes from Early Tracheostomy for Patients with COVID-19. JAMA Otolaryngol. Neck Surg. 2020. [Google Scholar] [CrossRef]

	



Breik, O.; Nankivell, P.; Sharma, N.; Bangash, M.N.; Dawson, C.; Idle, M.; Isherwood, P.; Jennings, C.; Keene, D.; Manji, M.; et al. Safety and 30-day outcomes of tracheostomy for COVID-19: A prospective observational cohort study. Br. J. Anaesth. 2020, 125, 872–879. [Google Scholar] [CrossRef] [PubMed]

	



Angel, L.; Kon, Z.N.; Chang, S.H.; Rafeq, S.; Palasamudram Shekar, S.; Mitzman, B.; Amoroso, N.; Goldenberg, R.; Sureau, K.; Smith, D.E.; et al. Novel Percutaneous Tracheostomy for Critically Ill Patients With COVID-19. Ann. Thorac. Surg. 2020, 110, 1006–1011. [Google Scholar] [CrossRef] [PubMed]

	



Tang, Y.; Wu, Y.; Zhu, F.; Yang, X.; Huang, C.; Hou, G.; Xu, W.; Hu, M.; Zhang, L.; Cheng, A.; et al. Tracheostomy in 80 COVID-19 Patients: A Multicenter, Retrospective, Observational Study. Front. Med. 2020, 7. [Google Scholar] [CrossRef] [PubMed]

	



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.; et al. Outcomes After Tracheostomy in COVID-19 Patients. Ann. Surg. 2020, 272, e181–e186. [Google Scholar] [CrossRef]

	



Turri-Zanoni, M.; Battaglia, P.; Czaczkes, C.; Pelosi, P.; Castelnuovo, P.; Cabrini, L. Elective Tracheostomy During Mechanical Ventilation in Patients Affected by COVID-19: Preliminary Case Series From Lombardy, Italy. Otolaryngol. Neck Surg. 2020, 163, 135–137. [Google Scholar] [CrossRef]

	



Mattioli, F.; Fermi, M.; Ghirelli, M.; Molteni, G.; Sgarbi, N.; Bertellini, E.; Girardis, M.; Presutti, L.; Marudi, A. Tracheostomy in the COVID-19 pandemic. Eur. Arch. Oto-Rhino-Laryngol. 2020, 277, 2133–2135. [Google Scholar] [CrossRef] [PubMed]

	



Iftikhar, I.H.; Teng, S.; Schimmel, M.; Duran, C.; Sardi, A.; Islam, S. A Network Comparative Meta-analysis of Percutaneous Dilatational Tracheostomies Using Anatomic Landmarks, Bronchoscopic, and Ultrasound Guidance Versus Open Surgical Tracheostomy. Lung 2019, 197, 267–275. [Google Scholar] [CrossRef]

	



Delaney, A.; Bagshaw, S.M.; Nalos, M. Percutaneous dilatational tracheostomy versus surgical tracheostomy in critically ill patients: A systematic review and meta-analysis. Crit Care 2006, 10, R55. [Google Scholar] [CrossRef]

	



Mata-Castro, N.; Sanz-López, L.; Pinacho-Martínez, P.; Varillas-Delgado, D.; Miró-Murillo, M.; Martín-Delgado, M.C. Tracheostomy in patients with SARS-CoV-2 reduces time on mechanical ventilation but not intensive care unit stay. Am. J. Otolaryngol. 2021, 42, 102867. [Google Scholar] [CrossRef] [PubMed]

	



Schultz, M.J.; Teng, M.S.; Brenner, M.J. Timing of Tracheostomy for Patients with COVID-19 in the ICU—Setting Precedent in Unprecedented Times. JAMA Otolaryngol. Neck Surg. 2020, 146, 887. [Google Scholar] [CrossRef] [PubMed]

	



Hosokawa, K.; Nishimura, M.; Egi, M.; Vincent, J.-L. Timing of tracheotomy in ICU patients: A systematic review of randomized controlled trials. Crit. Care 2015, 19, 424. [Google Scholar] [CrossRef] [PubMed]

	



Meng, L.; Wang, C.; Li, J.; Zhang, J. Early vs late tracheostomy in critically ill patients: A systematic review and meta-analysis. Clin. Respir. J. 2016, 10, 684–692. [Google Scholar] [CrossRef] [PubMed]

	



Siempos, I.I.; Ntaidou, T.K.; Filippidis, F.T.; Choi, A.M.K. Effect of early versus late or no tracheostomy on mortality and pneumonia of critically ill patients receiving mechanical ventilation: A systematic review and meta-analysis. Lancet Respir. Med. 2015, 3, 150–158. [Google Scholar] [CrossRef]

	



Massick, D.D.; Yao, S.; Powell, D.M.; Griesen, D.; Hobgood, T.; Allen, J.N.; Schuller, D.E. Bedside Tracheostomy in the Intensive Care Unit: A Prospective Randomized Trial Comparing Open Surgical Tracheostomy with Endoscopically Guided Percutaneous Dilational Tracheotomy. Laryngoscope 2001, 111, 494–500. [Google Scholar] [CrossRef]

	



Antonelli, M.; Michetti, V.; Di Palma, A.; Conti, G.; Pennisi, M.A.; Arcangeli, A.; Montini, L.; Bocci, M.G.; Bello, G.; Almadori, G.; et al. Percutaneous translaryngeal versus surgical tracheostomy: A randomized trial with 1-yr double-blind follow-up*. Crit. Care Med. 2005, 33, 1015–1020. [Google Scholar] [CrossRef]

	



Sole, M.L.; Talbert, S.; Penoyer, D.A.; Bennett, M.; Sokol, S.; Wilson, J. Comparison of Respiratory Infections before and after Percutaneous Tracheostomy. Am. J. Crit. Care 2014, 23, e80–e87. [Google Scholar] [CrossRef]

	



Robba, C.; Battaglini, D.; Ball, L.; Valbusa, A.; Porto, I.; Della Bona, R.; La Malfa, G.; Patroniti, N.; Brunetti, I.; Loconte, M.; et al. Coagulative Disorders in Critically Ill COVID-19 Patients with Acute Distress Respiratory Syndrome: A Critical Review. J. Clin. Med. 2021, 10, 140. [Google Scholar] [CrossRef]

	



Lavinio, A.; Ercole, A.; Battaglini, D.; Magnoni, S.; Badenes, R.; Taccone, F.S.; Helbok, R.; Thomas, W.; Pelosi, P.; Robba, C. Safety profile of enhanced thromboprophylaxis strategies for critically ill COVID-19 patients during the first wave of the pandemic: Observational report from 28 European intensive care units. Crit. Care 2021, 25, 155. [Google Scholar] [CrossRef]

	



Botti, C.; Lusetti, F.; Neri, T.; Peroni, S.; Castellucci, A.; Salsi, P.; Ghidini, A. Comparison of percutaneous dilatational tracheotomy versus open surgical technique in severe COVID-19: Complication rates, relative risks and benefits. Auris Nasus Larynx 2021, 48, 511–517. [Google Scholar] [CrossRef] [PubMed]

	



Yeung, E.; Hopkins, P.; Auzinger, G.; Fan, K. Challenges of tracheostomy in COVID-19 patients in a tertiary centre in inner city London. Int. J. Oral Maxillofac. Surg. 2020, 49, 1385–1391. [Google Scholar] [CrossRef] [PubMed]

	



Picetti, E.; Fornaciari, A.; Taccone, F.S.; Malchiodi, L.; Grossi, S.; Di Lella, F.; Falcioni, M.; D’Angelo, G.; Sani, E.; Rossi, S. Safety of bedside surgical tracheostomy during COVID-19 pandemic: A retrospective observational study. PLoS ONE 2020, 15, e0240014. [Google Scholar] [CrossRef] [PubMed]

	



Robba, C.; Battaglini, D.; Pelosi, P.; Rocco, R.M.P. Multiple organ dysfunction in SARS-CoV-2: MODS-CoV-2. Expert Rev. Respir. Med. 2020, 14, 865–868. [Google Scholar] [CrossRef]








[image: Jcm 10 02651 g001 550] 





Figure 1. Overall survival of critically ill COVID-19 patients after receiving tracheostomy before or after 15 days. Kaplan–Meier curve of cumulative probability of survival. Patients were grouped by the timing of tracheostomy: early or late (cut-off, 15 days). 
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Figure 2. Overall survival of critically ill COVID-19 patients after receiving percutaneous versus surgical tracheostomy. Kaplan–Meier curve of cumulative probability of survival in percutaneous versus surgical tracheostomy groups. 
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Table 1. Overall characteristics at hospital and ICU admission of 153 tracheostomized COVID-19 patients.
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Baseline Characteristics

	
Overall

	
Time to Tracheostomy

	
Type of Tracheostomy




	
n = 153

	
Early

n = 76

	
Late

n = 77

	
p-Value

	
Percutaneous

n = 100

	
Surgical

n = 53

	
p-Value






	
Age, years

	
63.4 ± 9.34

64.0 (32.0–89.0)

	
63.8 ± 9.24

65.0 (34.0–89.0)

	
62.9 ± 9.48

63.0 (32.0–88.0)

	
0.36

	
63.9 ± 9.18

64.0 (34.0–88.0)

	
62.3 ± 9.64

62.0 (32.0–89.0)

	
0.29




	
Sex, males

	
118 (77.1)

	
60 (78.9)

	
58 (75.3)

	
0.59

	
81 (81.0)

	
37 (69.8)

	
0.12




	
BMI, kg/m2

	
28.8 ± 5.04

27.8 (16.5–50.8)

	
29.0 ± 5.19

27.8 16.5 50.8

	
28.6 ± 4.91

27.8 (19.5–46.4)

	
0.62

	
28.7 ± 4.51

27.8 (20.7–46.4)

	
29.0 ± 5.96

27.8 (16.5–50.8)

	
0.96




	
Comorbidities

	

	

	

	

	

	

	




	
Hypertension

	
82 (53.6)

	
42 (55.3)

	
40 (51.9)

	
0.68

	
57 (57.0)

	
25 (47.2)

	
0.25




	
Diabetes mellitus

	
34 (22.2)

	
20 (26.3))

	
14 (18.2)

	
0.23

	
22 (22.0)

	
12 (22.6)

	
0.93




	
Chronic respiratory disease

	
16 (10.5)

	
11 (14.7)

	
5 (6.5)

	
0.10

	
13 (13.1)

	
3 (5.7)

	
0.15




	
Chronic cardiac disease

	
23 (15.0)

	
12 (15.8)

	
11 (14.3)

	
0.80

	
13 (13.0)

	
10 (18.9)

	
0.33




	
Malignancy

	
12 (7.8)

	
5 (6.6)

	
7 (9.1)

	
0.56

	
6 (6.0)

	
6 (11.3)

	
0.24




	
Chronic liver disease

	
6 (3.9)

	
3 (3.9)

	
3 (3.9)

	
0.99

	
6 (6.0)

	
0 (0.0)

	
0.07




	
Chronic neurologic disease

	
13 (8.5)

	
9 (11.8)

	
4 (5.2)

	
0.14

	
12 (12.0)

	
1 (1.9)

	
0.033




	
Chronic kidney disease

	
9 (5.9)

	
5 (6.6)

	
4 (5.2)

	
0.72

	
6 (6.0)

	
3 (5.7)

	
0.93




	
Smoke

	
10 (7.8)

	
5 (8.5)

	
5 (7.1)

	
0.78

	
8 (8.3)

	
2 (6.1)

	
0.67




	
Symptoms’ onset to hospital admission, days

	
6.3 ± 5.61

5.0 (0.0–36.0)

	
6.0 ± 4.85

5.0 (0.0–33.0)

	
6.6 ± 6.40

5.0 (0.0–36.0)

	
0.96

	
6.9 ± 6.26

6.0 (0.0–36.0)

	
5.2 ± 4.02

4.0 (0.0–19.0)

	
0.10




	
Hospital admission to COVID-19 swab, days

	
1.5 ± 5.02

0.0 (0.0–31.0)

	
1.5 ± 5.74

0.0 (0.0–31.0)

	
1.5 ± 4.22

0.0 (0.0–31.0)

	
0.03

	
0.8 ± 3.04

0.0 (0.0–26.0)

	
3.0 ± 7.56

0.0 (0.0–31.0)

	
0.05




	
Hospital to ICU admission, days

	
6.0 ± 9.12

3.0 (0.0–61.0)

	
5.8 ± 9.54

3.0 (0.0–61.0)

	
6.3 ± 8.75

4.0 (0.0–39.0)

	
0.43

	
5.4 ± 7.47

3.0 (0.0–39.0)

	
7.3 ± 11.60

3.0 (0.0–61.0)

	
0.47








Table legend: data expressed as mean ± standard deviation, median (min-max), or number (percentage) as appropriate. BMI, body mass index; ICU, intensive care unit; COVID-19, coronavirus disease 2019; Early tracheostomy: performed within the first 15 days from endotracheal intubation; Late tracheostomy: performed ≥ 15 days from endotracheal intubation.
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Table 2. Complications of tracheostomy.
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Complications of Tracheostomy

	
Overall Population

	
Time to Tracheostomy

	
Type of Tracheostomy




	
Early

	
Late

	
Univariate

Analysis

p-Value

OR (95% CI)

	
Multivariate

Analysis

p-Value

OR (95% CI)

	
Percutaneous

	
Surgical

	
Univariate

Analysis

p-Value

OR (95% CI)

	
Multivariate

Analysis

p-Value

OR (95% CI)






	
Hemorrhage

	

	

	

	

	

	

	

	

	




	
No

	
128 (90.8)

	
68 (95.8)

	
60 (85.7)

	
0.05

	
0.09

	
83 (87.4)

	
45 (97.8)

	
0.06




	
Yes

	
13 (9.2)

	
3 (4.2)

	
10 (14.3)

	
3.78 (0.99–14.37)

	
7.98 (0.72–89.11)

	
12 (12.6)

	
1 (2.2)

	
0.15 (0.02–1.22)




	
Coagulation

	

	

	

	

	

	

	

	

	




	
No

	
138 (97.9)

	
69 (97.2)

	
69 (98.6)

	
0.99

	
92 (96.8)

	
46 (100.0)

	
0.55




	
Yes

	
3 (2.1)

	
2 (2.8)

	
1 (1.4)

	
3 (3.2)

	
0 (0.0)




	
Tracheal stenosis

	

	

	

	

	

	

	

	

	




	
No

	
139 (100.0)

	
71 (100.0)

	
68 (100.0)

	
/

	
93 (100.0)

	
46 (100.0)

	
/




	
Yes

	
0 (0.0)

	
0 (0.0)

	
0 (0.0)

	
0 (0.0)

	
0 (0.0)




	
Infection of stoma

	

	

	

	

	

	

	

	

	




	
No

	
128 (90.8)

	
64 (90.1)

	
64 (91.4)

	
0.79

	
84 (87.5)

	
44 (97.8)

	
0.06




	
Yes

	
13 (9.2)

	
7 (9.9)

	
6 (8.6)

	
12 (12.5)

	
1 (2.2)

	
0.16 (0.02–1.26)




	
Pneumothorax

	

	

	

	

	

	

	

	

	




	
No

	
137 (100.0)

	
66 (95.7)

	
66 (94.3)

	
0.71

	
86 (92.5)

	
46 (100.0)

	
0.10




	
Yes

	
7 (5.0)

	
3 (4.3)

	
4 (5.7)

	
7 (7.5)

	
0 (0.0)




	
LRTI *

	

	

	

	

	

	

	

	

	




	
Negative

	
30 (34.5)

	
7 (22.6)

	
23 (41.1)

	
0.09

	
0.07

	
24 (46.2)

	
6 (17.1)

	
0.06

	
0.007




	
Positive

	
57 (65.5)

	
24 (77.4)

	
33 (58.9)

	
0.42 (0.16–1.13)

	
0.27 (0.07–1.11)

	
28 (53.8)

	
29 (82.9)

	
4.14 (1.47–11.66)

	
10.06 (1.89–53.54)








Table Legend: data expressed as number (percentage). Multivariate analysis adjusted for age, sex, comorbidities, body mass index, smoking, and type of tracheostomy. Abbreviations: LRTI, lower respiratory tract infection; OR odds ratio (late vs. early; and surgical vs. percutaneous); CI, confidence interval. * LRTI diagnosed (with positive bronchoalveolar lavage fluid) only after tracheostomy, with no evidence of infection before.
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