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ARTICLE INFO ABSTRACT

Keywords: Purpose: Tracheostomy is an aerosol-generating procedure, thus performing it during the COVID-19 pandemic
Tracheostomy arises considerations such as the most appropriate timing and the patients to whom it is suitable. Medical teams
COVID19

lack sufficient data to assist determining whether or not to conduct tracheostomy, its short- and long-term im-
plications are not fully understood. This study aims to shed light on the critically ill COVID-19 patients that
require tracheostomy, and to investigate its value.

Methods: A retrospective multicentral case-control study of 157 hospitalized critically ill COVID-19 patients,
among whom 30 patients went through tracheostomy and consisted of our study group.

Results: The mean age was similar between study and control groups (68.9 + 12.7 years vs 70.5 + 15.8 years, p =
0.57), as well as comorbidity prevalence (56.7% vs 67.7%, p = 0.25). Patients in the study group were hospi-
talized for longer duration until defined critically ill (5 + 4.3 vs 3 £ 3.9 days; p = 0.01), until admitted to the
intensive care unit (6 & 6.6 vs 2.5 + 3.7 days respectively; p = 0.005), and until discharged (24 + 9.7 vs 10.7 +
9.1 days, p < 0.001). Mortality rate was lower in the study group (30% vs 59.8%, p = 0.003). Kaplan Meier
survival analysis revealed a statistically significant difference in survival time between groups (Log rank chi-sq =
20.91, p < 0.001) with mean survival time of 41 + 3.1 days vs 21 + 2.2 days. Survival was significantly longer in
the study group (OR = 0.37, p = 0.004).

Conclusion: Tracheostomy allows for more prolonged survival for gradually deteriorating critically ill COVID-19
patients. This should be integrated into the medical teams' considerations when debating whether or not to
conduct tracheostomy.

SARS-Cov-2
Mechanical ventilation

1. Introduction are classified as severe-critical [1], 10-15% of patients require invasive
mechanical ventilation due to acute respiratory distress [2-6]. Trache-

By December 2019, the pandemic of Coronavirus disease 2019 ostomy reduces the length of mechanical ventilation in COVID-19
(COVID-19) emerged in China and rapidly spread overseas. The symp- negative patients and is usually recommended 7-10 days after the
toms of COVID-19 patients resemble viral pneumonia, 19% of patients beginning of invasive ventilation [7-8]. Current reports show that the
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mean ventilation period of COVID-19 patients is 10-14 days, therefore
tracheostomy may be of value [2,4-6].

Performing tracheostomy during COVID-19 pandemic arises several
considerations, such as the most appropriate timing for performing the
procedure, its short and long term advantages, and the proper trache-
ostomy technique [9]. Moreover, given the high infectivity of COVID-
19, mainly during aerosol-generating procedures, healthcare teams
attempt to perform tracheostomy only on certain patient populations
and in specific settings [9-12].

Patient selection is based on ventilation parameters, length of intu-
bation, risks and benefits for the individualized patient and risks of the
health-care workers [12-15].

Current literature sparse sufficient data to assist clinicians decision
making in the era of tracheostomy for COVID-19 patients. The optimal
timing for tracheostomy is being under debate and was suggested be-
tween 7 and over 14 days of intubation, various aerosol depleting
techniques had been suggested’ and the long term advantages of tra-
cheostomy in COVID-19 patients are yet to be discovered
[6,9-11,16-17].

This multicentral study aims to shed light on the critically ill COVID-
19 patients that required tracheostomy, and to compare outcomes with
COVID-19 patients who did not go through tracheostomy, in order to
investigate the value of tracheostomy on COVID-19 patients.

2. Materials and methods

This was a retrospective case-control study of critically ill patients
with laboratory-confirmed severe acute respiratory syndrome due to
coronavirus 2 (SARS-Cov-2) infection, among 14 participating Israeli
hospitals between March 5th and May 25th, 2020. During the COVID-19
pandemic, The Israel Ministry of Health, Jerusalem, Israel, waived the
need for individual institutional ethics board and informed consent from
COVID-19 patients in retrospective studies in light of the urgent need to
collect data.

SARS-Cov-2 infection was defined as a positive result of real-time
reverse transcriptase-polymerase chain reaction (RT-PCR) assay of
nasal and pharyngeal swabs. Only laboratory-confirmed cases were
included in the analysis. We extracted patients' and treatment data from
electronic medical records, and recorded it on an online questionnaire-
based electronic worksheet (SurveyMonkey) accessible online to regis-
try associates.

Patients were defined critically ill by one or more of the following
conditions: acute respiratory distress syndrome (ARDS; 200 mmHg <
PaO2/Fi02a < 300 mmHg (with positive end-expiratory pressure
(PEEP) or continuous positive airway pressure (CPAP) > 5 cmH20, or
non-ventilated; if PaO2 is not available, SpO2/Fi02 < 315 suggests
ARDS), sepsis (life-threatening organ dysfunction caused by a dysregu-
lated host response to suspected or proven infection; sepsis-related SOFA
score of >2 points) or acute organ dysfunction respiratory (hypoxemia
defined by low PaO2/Fi02); coagulation (low platelets); liver (high
bilirubin); cardiovascular (hypotension); central nervous system (low
level of consciousness defined by Glasgow Coma Scale); and renal (low
urine output or high creatinine).

We obtained data regarding demographics, medical comorbidities,
medication history, body mass index (BMI), vital signs, chest X-ray and
labs on admission to the intensive care unit (ICU), anti-COVID19 phar-
macological therapy, methods of nutrition, time from admission to tra-
cheostomy, ICU length of stay, complications and outcome (death,
discharge, transferred to a lower level of care) as of May 25th, 2020.

2.1. Statistical analysis

Data were recorded on an Excel spreadsheet. Data analysis was
performed using SPSS version 23 statistical software. Descriptive sta-
tistics are presented using prevalence and percentage values for cate-
gorical variables, averages and standard deviations for continuous
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variables. Statistical analysis was performed using a significance level of
p = 0.05.

In order to compare the demographic characteristics, co-morbidities,
vital signs upon admission and ICU interventions between the two
groups, t-tests or the Mann-Whitney test, in the case of non-normally
distributed data were performed for continuous data and chi-square or
Fisher's exact test were performed for the categorical data. Kaplan Meier
survival analysis was performed to assess mortality between the two
groups. In order to adjust mortality for group differences, Stepwise Cox
regression analysis was performed forcing gender into the model and
using significant vital sign differences, time until defined critically ill
and ICU-interventions as potential covariates. Stepwise logistic regres-
sion was performed to assess the ARDS secondary outcome. Using ROC
analysis and Youden index we investigated a potential cut-off values for
differentiating factors as presented by Fluss et al. [18].

3. Results

As of May 25th, 2020, Israel had 16,734 confirmed COVID-19 cases,
among whom 544 patients were defined critically ill [19]. The partici-
pating hospitals treated 157 critically ill patients, and conducted 108
mechanical ventilations. Thirty patients required tracheostomy and
consisted of our study group, while 127 patients did not go through
tracheostomy and consisted of our control group.

Male gender was more prevalent in the study group (86.7% vs
64.6%, p = 0.027), with a mean age of 68.9 & 12.7 years in the study
group compared with 70.5 + 15.8 years in the control group (p = 0.57).
The study group contained a higher prevalence of patients born in
western countries (Western Europe, North America and Israel)
compared with the control group (70.8% vs 44.9% respectively, p =
0.024).

There was no significant variance in comorbidity prevalence be-
tween groups (56.7% study vs 67.7% control, p = 0.25). Both study and
control groups did not have high prevalence of smokers, past smokers, or
patients with Chronic Obstructive Pulmonary Disease (COPD) (0% vs
1.6% smokers, p > 0.99; 10% vs 6.3% past smokers, p = 0.44; 0% vs
9.4% patients with COPD, p = 0.13 respectively), Table 1 presents all the
specific investigated comorbidities. Table 2 presents the patient's
medication history.

3.1. Hospitalization

Patients in the study group were hospitalized for longer duration

Table 1
Comorbidities of the study and control groups.
Tracheostomy Non P
no. (%) tracheostomy no.
(%)

Smoker 0 (0) 2 (1.6) >0.99
Past smoker 3(10) 8(6.3) 0.44
COPD 0(0) 13 (9.4) 0.13
Hypertension 16 (53.3) 72 (56.7) 0.74
Diabetes 10 (33.3) 53 (41.7) 0.40
IHD 10 (33.3) 24 (18.9) 0.08
CHF 2(6.7) 16 (12.6) 0.53
Active malignancy 0 (0) 8(6.3) 0.36
Past malignancy 3(10) 10 (7.9 0.72
Chronic renal failure 3(10) 21 (16.5) 0.57
Dementia 2 (6.7) 21 (16.5) 0.25
Immunodefficiency 1(3.3) 5(3.9 >0.99
Chronic liver disease (cirhossis,

hepatitis, hepatic

transplantation) 0 (0) 1(1.6) >0.99
Dialysis 0(0) 1(0.8) >0.99
Overweight (BMI > 25) 11 (73.3) 26 (52) 0.23

Abbreviations: COPD- chronic obstructive pulmonary disease; IHD- ischemic
heart disease; CHF- congestive heart failure; BMI- body mass index.
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Table 2
Medications of the study and control groups.
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Table 4
ICU interventions given to the study and control groups.

Tracheostomy no. Non tracheostomy no. p Tracheostomy no. ~ Non tracheostomy p
(%) (%) (%) no. (%)
Aspirin 11 (36.7) 38 (30%) 0.47 Antibiotics 28 (93.3) 104 (81.9) 0.17
Beta blockers 11(36.7) 39 (30.7) 0.53 Antifibrinolytics 2(6.7) 2(1.6) 0.17
Calcium channel Anti-IL6 6 (20) 5(3.9 0.002
blocker 7 (23.3) 18 (14.2) 0.22 Chloroquine 9 (30) 27 (21.3) 0.31
ACE inhibitors 5(16.7) 33 (26) 0.28 Corticosteroids 11 (36.7) 25 (19.7) 0.047
Diuretics 2(6.7) 24 (18.9) 0.17 CPAP/BiPAP 16 (53.3) 30 (23.6) 0.001
Steroids 0(0) 8(6.3) 0.36 ECMO 0(0) 5(3.9) 0.58
Plavix 4 (13.3) 9(7.1) 0.28 Hydroxychloroquine 18 (60) 73 (57.5) 0.8
Coumadin 0(0) 2(1.6) >0.99 Interferon beta 1(3.3) 0(0) 0.19
Inhalers 1(3.3) 9(7.1) 0.69 IVIG 1(3.3) 6(4.7) >0.99
Immunosuppresors 1(3.3) 2(1.6) 0.47 Lopinavir/ritonavir 5(16.7) 17 (13.4) 0.64
. X X A Nasogastric tube 22(73.3) 57 (44.9) 0.005
Abbreviations: ACE- angiotensin converting enzyme. Oxygen support before
intubation 27 (90) 100 (78.7) 0.2
until defined critically ill, compared with the control group (5 + 4.3 days Remdesivir 300 2016 0.048
vs 3 + 3.9 days respectively; p = 0.01) and until admitted to the ;2:1 replacement 516.7) 07.1) o1
intensive care unit (ICU) (6 =+ 6.6 days vs 2.5 + 3.7 days respectively; p Rezolii’a 3(10) 43.1) 0.13
= 0.005). Vital signs of the patients among entry to the ICU did not Tocilizumab 8(26.7) 11 (8.7) 0.007
significantly differ between groups as presented in Table 3. The only TPN 9 (30) 8(6.3) <0.001
Vasopressors 23 (76.7) 56 (44.1) 0.001

exception was diastolic blood pressure (BP), which was lower in the
study group. The most prevalent finding on chest x-ray was pulmonary
consolidation, with similar prevalence in the study and control group
(96.7% vs 90.2% respectively, p = 0.26).

3.2. Treatment

Table 4 presents the ICU interventions given to the patients. A higher
rate of patients in the study group were treated with Anti IL6 (20% vs
3.9% respectively, p = 0.002), corticosteroids (36.7% vs 19.7%
respectively, p = 0.047), vasopressors (76.7% vs 44.1% respectively, p
< 0.001), Remdesivir (10% vs 1.6% respectively, p = 0.048) and Toci-
lizumab (26.7% vs 8.7% respectively, p = 0.007). The use of noninva-
sive ventilation prior to intubation-bilevel positive airway pressure
(BiPAP) or continuous positive airway pressure (CPAP) was more
prevalent among the study group (53.3% vs 23.6% respectively, p <
0.001), as well as feeding through nasogastric tube (73.3% vs 44.9%
respectively, p = 0.005) and total parenteral nutrition (TPN) (30% vs
6.3% respectively, p < 0.001). The median time to from ICU admission
to performing tracheostomy was 13 days (range, 5-32 days).

3.3. Prognosis

As for complications, both ARDS and secondary infections were more
prevalent in the study group (63.3% vs 40.2%, p = 0.02; 40% vs 15%, p
= 0.002, respectively). All complications are summarized in Table 5.
The total duration of hospitalization was significantly longer in the
study group (30.2 + 11.7 days vs 13.2 + 9.2 days respectively, p <
0.001), as well as the total duration of stay in the ICU (24 + 9.7 days vs
10.7 £+ 9.1 days respectively, p < 0.001). However, time to ventilation

Table 3
Vital signs upon admission to the ICU of the study and control groups.
Tracheostomy Mean Non tracheostomy p
+ SD Mean + SD
Heart rate (beats per
minute) 90 +£17.5 88.8 +£ 22.5 0.75
Temperature (degrees
Celsius) 37.8 £ 0.99 37.5+22 0.51
Saturation 88.5 +10.5 89.7 +11.3 0.6
Respiratory rate (per
minute) 28.4 £ 9.1 23 +£10.3 0.08
Systolic BP 135.4 + 19.6 133.1 + 25 0.66
Diastolic BP 64.9 £17.6 72.7 £13.6 0.01

Abbreviations- ICU- intensive care unit; BP- blood pressure.

Abbreviations: ICU- intensive care unit; IL6- interleukin 6; IVIG- intravenous
immunoglobulins; CPAP- continuous positive airway pressure; BiPAP- bilevel
positive airway pressure; TPN- total parenteral nutrition; ECMO- extracorporeal
membrane oxygenation;

Table 5

Complications of the study and control groups during hospitalization.
Tracheostomy n Non tracheostomy n P
(%) (%)

ARDS 19 (63.3) 51 (40.2) 0.02
Sepsis 13 (43.3) 45 (35.4) 0.42
Acute organ
dysfunction 19 (63.3) 90 (70.9) 0.42
Respiratory failure 26 (86.7) 90 (70.9) 0.11
Heart failure 1(3.3) 10 (7.9) 0.69
Septic shock 5 (16.7) 26 (20.5) 0.64
Coagulopathy 2(6.7) 4(3.1) 0.32
Acute kidney injury 9 (30) 30 (23.6) 0.47

Secondary infection 12 (40) 19 (15) 0.002

Death 9 (30) 76 (59.8) 0.003

Abbreviations: ARDS- acute respiratory distress syndrome;

did not significantly differ between the study and control group (4.5 +
3.2 days vs 5.7 &+ 7.91 days respectively, p = 0.31).

As for the end of the follow-up period, nine patients (30%) of the
study group passed away, compared with 76 patients (59.8%) in the
control group (p = 0.003). When investigating these patients, the dead
patients in the study group were ventilated after a shorter duration from
admission (3.6 + 3.2 days vs 5.9 + 8.6 days respectively, p = 0.45) and
for a longer duration (22.7 + 11.4 days vs 4.9 + 6.6 days respectively, p
= 0.002).

Among the 21 patients who went through tracheostomy and were
alive at the end of the follow-up period, four patients (19.05%) were
decannulated.

Kaplan Meier survival analysis revealed a statistically significant
difference in survival time between the two groups (Log rank chi-sq =
20.91, p < 0.001) with mean survival time of 41 + 3.1 days in the tra-
cheostomy group and 21 + 2.2 days in the control group (Fig. 1). Cox
regression analysis using all significant variables as covariates (trache-
ostomy, gender, diastolic BP, time until defined critically ill, anti IL6,
corticosteroids, Remdesivir, Tocilizumab, vasopressors, CPAP/BiPAP,
nasogastric tube, TPN) and stepwise regression approach after adjust-
ment for gender revealed a statistically significant difference in survival
(mortality) between the tracheostomy and control groups (OR = 0.37,
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Fig. 1. Kaplan Meier overall survival analysis of the study and control groups.

HR 0.13-0.96, p = 0.004), Table 6.

In order to investigate whether there is an optimal cut-off value for
the most efficient day to perform a tracheostomy, we used ROC analysis
and Youden index. There tended to be a lower death rate among patients
in which the procedure was performed after 8.5 days (4 death events out
of 21 patients) compared with those who conducted tracheostomy
earlier (5 death events out of 9 patients; p = 0.08).

4. Discussion

The decision if and when to perform tracheostomy among COVID-19
patients is uneasy for medical teams. The lack of sufficient data
regarding the best timing of performance, the best method, short and
long term influence on patients alongside the high risk of health-care
workers infection, arises concerns regarding the necessity of the pro-
cedure. Current guidelines suggest individualized decision making,
taking into account potential risks and benefits for the patient; risks

Table 6

Multivariate analysis of overall survival of the study cohort.
All variables OR HR (95% CI) p value
Tracheostomy 0.35 0.13-0.96 0.04
Gender 291 1.67-5.05 <0.001
Diastolic BP 0.99 0.97-1.01 0.38
Time until defined critically ill 0.94 0.87-1.01 0.08
Anti- IL6 0.64 0.17-2.49 0.53
Corticosteroids 0.92 0.48-1.77 0.81
CPAP/BiPAP 0.29 0.15-0.59 0.001
Nasogastric tube 1.03 0.6-1.78 0.92
Remdesivir 0.82 0.09-7.32 0.86
Tocilizumab 1.32 0.52-3.33 0.56
Vasopressors 1.22 0.69-2.18 0.5
TPN 0.35 0.1-1.23 0.1
Reduced model
Tracheostomy 0.37 0.15-0.92 0.03
Gender 2.69 1.6-4.5 <0.001
Time until defined critically ill 0.93 0.87-0.99 0.03
CPAP/BiPAP 0.27 0.14-0.54 <0.001
TPN 0.36 0.11-1.16 0.086

Abbreviations: OR- odds ratio; HR- hazard ratio; CI- confidence interval; BP-
blood pressure; IL6- interleukin 6; CPAP- continuous positive airway pressure;
BiPAP- bilevel positive airway pressure; TPN- total parenteral nutrition.
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posed to health-care workers during ICU hospitalization, and later on
medical rehabilitation facilities, other patients, and families [15,20].

This multicentral case-control study sheds light on the advantages of
tracheostomy for COVID-19 patients. The two groups of patients we
investigated had similar characteristics, with a predominance of males
with multiple comorbidities. We found that patients who received tra-
cheostomy were more likely to survive the hospitalization period, even
though they were more prone to complications such as ARDS and sec-
ondary infections, probably associated with the more extended hospi-
talization period of this group of patients. Their longer ICU stay enabled
the use of a variety of experimental treatment modalities, such as the
drugs Remdesivir and Tocilizumab. When confronting the use of these
drugs with tracheostomy on a multivariate analysis, tracheostomy had a
statistically significant favorable influence on patients' outcomes,
alongside female gender, more extended period until considered criti-
cally ill, and the use of noninvasive ventilation before intubation.

Volo et al. studied 23 COVID 19 patients who underwent tracheos-
tomies. They found that the overall mortality of these patients was lower
than the overall mortality of COVID 19 patients admitted to the ICU
(18% vs 53%, respectively) [21]. Floyd et al. conducted 38 tracheos-
tomies and concluded tracheostomy is of utility in these patients due to
the high rate of weaning from the ventilator (55.2%), decannulation
(13.2%), and low death rate (5.3%) [22]. Our findings are in accor-
dance, demonstrating only 30% death events of patients undergoing
tracheostomy compared with 61.6% of the control group.

When evaluating the long term impacts of tracheostomy of critically
ill patients, it seems that it is not always in the patient's best interests.
Vargas et al. followed non-COVID-19 patients who required tracheos-
tomy after a long period of mechanical ventilation. They concluded that
at least half do not survive longer than one year, and at one year less
than 12% were functionally independent [12,23]. The rapid outbreak
and spreading of SARS-COVID 19 virus do not allow long term obser-
vation of any intervention used, tracheostomy included. However, we
contend with high virus-related death events rates of patients world-
wide, and favor interventions that could benefit our patients. Nonethe-
less, long term follow-up of patients undergoing tracheostomy, their
long term survival, and their influence on their quality of life will need to
be examined in future studies.

At the time of writing this article, we conducted a literature search
and found 144 articles and guidelines regarding tracheostomy for
COVID-19 patients. Most of which describe authors' experience with
operation techniques under biosafety isolation, considerations for pa-
tient selection focusing on the proper timing. Only a few studies dis-
cussed short term results of patients undergoing tracheostomy. To the
best of our knowledge this is the first published case-control study of
COVID-19 patients who underwent tracheostomy, allowing us to present
the benefits of tracheostomy in patients' management.

As discussed above, patients who underwent tracheostomy in our
study had similar characteristics with patients who did not go through
tracheostomy, and were ventilated after a comparable period of time.
However, a more significant portion of this group survived. Even after
confronting tracheostomy with other treatments this group received, in
a multivariant analysis, tracheostomy had statistically significant ad-
vantages. We do take into account that patients in the control group died
after a mean duration of five days from ventilation and that the mean
period for tracheostomy was 13 days. Thus, this group of patients did not
have a real opportunity to enjoy the benefits of tracheostomy. On the
other hand, these patients who deteriorated and died so rapidly were
probably very sick and could not go through operation or resuscitate
afterward.

This study is limited due to its multicentral nature. Different medical
teams treated patients, got treatment decisions, and conducted opera-
tions. Thus, the cohort is not homogenous. It is essential to conduct
further studies and corroborate the value of tracheostomy in the treat-
ment or critically ill COVID-19 patients.
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5. Conclusion

Tracheostomy allows for more prolonged survival for gradually
deteriorating critically ill COVID-19 patients. This should be integrated
into the medical teams' considerations when debating whether or not to
conduct tracheostomy.
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