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Mortality in patients with severe
COVID-19 who underwent
tracheostomy due to prolonged
mechanical ventilation
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Background: The usefulness of tracheostomy has been questioned in pa-
tients with COVID-19 and prolonged invasive mechanical ventilation (IMV).
Aim: To compare the 90-day mortality rate of patients who underwent a tra-
cheostomy due prolonged IMV with those that did not receive this procedure.
Material and Methods: We studied a historical cohort of 92 patients with
COVID-19 and prolonged IMV (> 10 days). The primary outcome was the
90-day mortality rate. Secondary outcomes included days on IMV, hospital/
intensive care unit (ICU) length of stay, frequency of nosocomial infections,
and thrombotic complications demonstrated by images. A logistic regression
was performed to adjust the effect of tracheostomy by SOFA score and days on
IMV. Results: Forty six patients aged 54 to 66 years (72% males) underwent
tracheostomy. They had a median of two comorbidities, and received the
procedure after a median of 20.5 days on IMV (interquartile range: 17-26).
90-day mortality was lower in patients who were tracheostomized than in the
control group (6.5% vs. 32.6%, p-value < 0.01). However, after controlling for
confounding factors, no differences were found in mortality between both groups
(relative risk = 0.303, p-value = 0.233). Healthcare-associated infections and
hospital/ICU length of stay were higher in patients with tracheostomy than in
controls. Thrombotic complications occurred in 42.4% of the patients, without
differences between both groups. No cases of COVID-19 were registered in the
healthcare personnel who performed tracheostomies. Conclusions: In patients
with COVID-19 undergoing prolonged IMV, performing a tracheostomy is
not associated with excess mortality, and it is a safe procedure for healthcare
personnel.

(Rev Med Chile 2023; 151: 151-159)
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Mortalidad en pacientes con COVID-19 grave
sometidos a traqueostomia por ventilacién
mecanica prolongada

Antecedentes: La utilidad de la traqueostomia en pacientes COVID-19
sometidos a ventilacion mecdnica invasiva (VMI) prolongada ha sido cues-
tionada. Objetivo: Comparar la mortalidad a 90 dias en estos pacientes, con y
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sin traqueostomia. Material y Métodos: Estudiamos una cohorte histérica de
92 pacientes COVID-19 con VMI prolongada (>10 dias). El desenlace prima-
rio fue mortalidad a 90 dias. Se consideraron desenlaces secundarios los dias
en VMI, estadia hospitalaria/UCI, frecuencia de infecciones nosocomiales, y
eventos trombéticos. Mediante regresion logistica se ajusté el efecto de la tra-
queostomia en la mortalidad, por SOFA y dias de VMI. Resultados: Cuarenta
y seis pacientes de 54 a 66 afios (72% hombres) fueron traqueostomizados.
Ellos tenian una mediana de dos comorbilidades, y recibieron el procedimiento
luego de una mediana de 20,5 dias en VMI (rango intercuartilico: 17-26). En
el andlisis crudo, la mortalidad a 90 dias fue menor en los pacientes con tra-
queostomia que en el grupo control (6,5% vs. 32,6%; p < 0,001). No obstante,
luego de controlar por factores de confusion, no se encontraron diferencias
en mortalidad (riesgo relativo 0,303; p = 0,233). Las infecciones asociadas
a la atencion de salud y la estadia en hospital/UCI fueron mayores en los
pacientes traqueostomizados que en los controles. Los eventos trombdticos
ocurrieron en el 42,4% de los pacientes, sin diferencias entre grupos. No hubo
casos de COVID-19 en el personal de salud que realizé las traqueostomias.
Conclusiones: En pacientes con COVID-19 sometidos a VMI prolongada, la
realizacion de una traqueostomia no se asocia a un exceso de mortalidad, y
es un procedimiento seguro para el personal sanitario.

Palabras clave: COVID-19; Neumonia; Cuidados Criticos; Traqueostomia.

beginning of COVID-19, a disease caused

by the SARS-CoV-2 virus, which became a
pandemic that has taken millions of lives globally”.
A high proportion of patients who develop severe
SARS-CoV-2 pneumonia require invasive mecha-
nical ventilation (IMV), and it is often necessary
to employ strategies of ventilatory rescue such as
neuromuscular blockade, ventilation in prone po-
sition, or extracorporeal membrane oxygenation
(ECMO)**. Given the severity of the respiratory
compromise, it is frequent for these patients to be
in IMV for prolonged periods of time*®.

The performance of a tracheostomy is one of
the interventions that facilitate ventilatory support
in these patients’. Among the advantages of tra-
cheostomy in patients with prolonged IMV are
providing a secure airway, avoiding injuries in the
oral mucosa, larynx, and vocal cords, facilitating
airway aspiration and mouth care, reducing the
need for analgesia and sedation, lowering IMV
days and intensive care unit (ICU) stay, enabling
communication and oral feeding, and improving
patient comfort®*°. Both open and percutaneous
tracheostomy have been found to be equivalent in
their outcomes' . Recently, Long et al."* repor-
ted the security of both tracheostomy techniques

T he month of December 2019 marked the
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in patients with COVID-19. While it has been
documented that between 10 and 15% of critical
patients require a tracheostomy’, these numbers
may be higher in COVID-19 (36-53%)'>'>'°.

Some series have reported a high mortality in
COVID-19 patients who had undergone prolon-
ged IMV>'”18_ Also, due to the inherent risk of
transmission to health workers, being a procedure
that generates aerosol sprays, the utility of doing
a tracheostomy in this group of patients has been
questioned'*®. On the contrary, some more recent
observational studies have reported a mortality of
between 18 and 25% in this population of critical
patients’>?'. Thus, there still lack information
about tracheostomy in COVID-19.

This study aims to establish the 90-day morta-
lity rate of patients who have undergone tracheos-
tomy because of prolonged IMV (> 10 days) and
compare it with patients of similar severity but
who did not undergo this procedure, adjusting
by potential confusion factors.

Methods

A historical cohort of patients with severe CO-
VID-19 pneumonia and respiratory failure that
required prolonged IMV. We screened all confir-
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med cases of COVID-19 admitted to any ICU at
Hospital Clinico Universidad de Chile (Santiago,
Chile) since March 3, 2020 up to July 31, 2020
(the first wave of the COVID-19 in Chile). Adult
patients with a positive PCR test for SARS-CoV-2
and ventilator support for 10 days or more were
included. COVID-19 cases occurred in pregnant
women, patients younger than 18 years, and those
without available data because their transfer were
excluded (Figure 1). This clinical trial was appro-
ved by the institutional bioethics board (Scientific
and Research Ethics Committee, Hospital Clinico
Universidad de Chile) and registered in Clinical-
Trials.gov (NCT04642703). Patients were treated
following local, national, and international proto-
cols?**. Medical care was delivered by trained staft
and supervised by certified physicians in critical
care medicine.

Clinical data

Clinical records were reviewed by trained
personnel to obtain pre-specified information
based on a standardized form. We registered
the following information: a) Along hospital
admission: admission/discharge dates, sociode-
mographic characteristics, comorbidities, throm-
boembolic events, survival status, and transfer to
other hospitals; b) Along ICU stay: admission/
transfer dates, laboratory data, disease severity,
ventilatory support, rescue therapies, infections
(ventilator-associated pneumonia [VAP], urinary
tract and blood-stream infections), and tracheos-
tomy performance.

Tracheostomy intervention

The indication of tracheostomy, as part of
our standard of care, was determined by a team
of certified critical care physicians, following na-
tional guidelines* and consented by the patient's
family. The following were the indications of
tracheostomy registered: prolonged IMV (more
than 10 days), weaning failure, lower level of
consciousness without the ability to protect the
airway during IMV weaning, and ICU-acquired
weakness with expected prolonged IMV.

All the percutaneous tracheostomies were
elective and performed by one intensivist (CMR)
using a modified standard technique of single-step
dilation previously described®”; bedside ultra-
sound guidance was used to prevent viral dissemi-
nation®**. Open tracheotomies were performed by
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two specialized surgeons (RZ, DR), according to
our institutional protocol. COVID-19 symptoms
were followed-up in all the team that performed
tracheostomies.

Tracheostomy date and laboratory data were
obtained from clinical records. If the patient did
not receive a tracheostomy, data at day 10 of IMV
were obtained.

Outcomes

The 90-day mortality rate was the primary out-
come. Vital status was checked by hospital records
and national death certificates 90 days after IMV
onset. Secondary outcomes included days on IMV,
hospital/ICU length of stay, and the frequency of
VAP, urinary and blood-stream infections along
ICU stay, all of three with positive cultures and
clinical manifestations of infection. Thrombotic
complications demonstrated by images (limbs Do-
ppler ultrasound or chest computed tomography
angiography) was also a secondary outcome. The
primary outcome was right censored 90 days after
IMV onset, and secondary outcomes follow-up
to hospital discharge or 90 days after IMV onset
(whatever occurred first).

Statistical analysis

Normal data distribution was assessed by
a Shapiro-Wilk test. Baseline characteristics
and outcomes were reported as mean * stan-
dard deviation or median (interquartile range
[IQR]: p25-p75) for continuous variables and as
an absolute count (%) for categorical variables.
Patients who were tracheostomized were compa-
red with patients without tracheostomy (controls)
through a t-Student’s test or Mann-Whitney’s U
for continuous variables, whereas Fisher’s exact
test was used for categorical variables. Availa-
ble-cases analysis was performed when missing
data were found (Table 1). Because the presence
of confounding by indication was anticipated, we
proposed that physicians were likely to perform a
tracheostomy in patients with longer days in IMV
and based on Sequential Organ Failure Assessment
(SOFA), which was tested by a logistic regression.
Only three independent variables were included
considering the number of events®. Finally, to
exploratorily graph the time from IMV onset to
death in both groups, crude and adjusted survival
curves were obtained based on predictions from a
Cox regression model with the same independent
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variables. All statistical analyses were performed
in Stata v12.0 (StataCorp, TX, USA) and plots
in Prism v8.0 (GraphPad Software, California,
USA). A p-value < 0.05 was interpreted as strong
evidence against the statistical null hypothesis.

Results

During the study period, 169 patients with
COVID-19 pneumonia were admitted to the
ICU for IMV. We included 92 ventilated patients
in the final analysis, 46 of whom underwent tra-
cheostomy and 46 controls with IMV by 10 days

or more (Figure 1).
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COVID-19 patients on IMV (n=169)

Excludes (n=77)

- Time on IMV <10 days (n=46)

- Transfered to/from other hospifal (n=14)
- IV for other reason (n=15)

- Younger than 18 years of age (n=2)

COVID-19 patients with prolonged IMV (n=92)

v
v v

Tracheostomy (n=46) Without Tracheostomy (n=46)

Figure 1. Flowchart of COVID-19 patients included in the
study.

Table 1. Characteristics of COVID-19 patients with prolonged mechanical ventilation

Characteristics

Age, years

Male sex

BMI, kg/m?

Comorbidity number
Hypertension

Type 2 Diabetes mellitus
Obesity

Chronic airway obstruction
Cardiovascular disease
Tobacco smoking
Cancer

Other comorbidity

At ICU admission

SOFA score

Use of vasopressors
Hemoglobin, g/dL
Leucocytes, 103/mL
Platelets, 103/mL

C Reactive Protein (mg/L)
LDH, U/L

Troponin, (ng/mL)
D-Dimer, (ng/mL)
Creatinine, mg/dL

pCO,, mmHg

HCO;, mmol/L

pO,, mmHg

FiO,, %

PaO,/FiO, ratio
PaO,/FiO, pre IMV onset

Control patients
(n = 46)

61.5 (54.0-66.0)
33 (71.7%)
30.0 (26.3-33.5)
2.0 (1 0-3.0)

4 (52.2%)

8 (39.1%)
8 (39.1%)
(8.7%)
(2.2%)
(73.9%)
(6.5%)
(15.2%)

4
1
34
3
7

7.0 (6.0-8.0)

41 (89.1%)
123 1.8
11.8(8.3-14.4)
292 (215-365)
333.6(218.8-508.2)
464.5 (412.0-591.0)
0.01 (0.01-0.01)
2646 (1330-6619)
0.8 (0.6-1.3)
47.1 (43.0-53.2)
22.4 = 3.1
82.6 £ 15.6
69.8 + 18.2
119.9 (96.75-151.3)
75.0 (66.0-98.0)

Tracheostomy

(n = 46) p-value
63.5 (54.0-70.0) 0.251
29 (63.0%) 0.505
29.0 (25.2-34.0) 0.845
2.0 (1 0-3.0) 0.387

8 (60.9%) 0.528

4 (52.2%) 0.295

1 (45.7%) 0.673

4 (8.7%) 1.000

4 (8.7%) 0.361

36 (78.3%) 0.936
0(0.0%) 0.242

7 (15.2%) 1.000

6.0 (6.0-8.0) 0.204
34 (73.9%) 0.105
12.8 = 1.6 0.178
10.6 (7.5-14.9) 0.525
258 (191-368) 0.363
260.6 (180.0-387.9) 0.060
574.0 (420.0-771.0) 0.120
0.01 (0.01-0.04) 0.038
1756 (1100-3771) 0.060
0.6 (0.5-1.0) 0.150
44.5 (41.6-53.2) 0.248
22.6 (3.2) 0.848
69.2 = 12.8 <0.001
69.5 = 23.5 0.941
103.3 (77.8-143.6) 0.092
84.0 (64.0-128.0) 0.281

BMI: Body mass index; SOFA: Sequential organ failure assessment; IMV: Invasive mechanical ventilation.
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Basal characteristics of patients are shown
in Table 1. Most tracheostomized patients were
males aged over 50 years, with a median of 2
comorbidities (78.3% tobacco smoking, 60.9%
hypertension, 52.2% diabetes) and overweight
(median body mass index [BMI]® [IQR 25.2-
34.0]). At ICU admission, COVID-19 patients in
IMV showed organ dysfunction (SOFA score > 6
in 75% of them) and elevated C reactive protein,
LDH, and D-Dimer levels. Whereas most baseline
characteristics were similar between both groups,
we found higher troponin levels in patients who
had undergone tracheostomy than in controls
(0.01 [IQR 0.01-0.04] vs. 0.01 [IQR 0.01-0.01],
p-value = 0.038) and lower PaO, at ICU admis-
sion (69.2 + 12.8 vs. 82.6 * 15.0, p-value < 0.001),
with no statistical differences in PaO,/FiO, ratio
at admission or at orotracheal intubation.

Patients were tracheostomized after a median
0£20.5 days (IQR 17-26) on IMV. Indications for
tracheostomy were prolonged IMV in all patients,
but 2 of them also had a lower level of conscious-
ness. Elective percutaneous tracheostomy was
performed in 35 patients, 20 at the ICU and 15
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in the operating room because individual boxes
were not available; open tracheostomy was done
in 11 patients when percutaneous tracheostomy
was not feasible, only one of them at the ICU and
the others in the operating room. On the day of
tracheostomy, patients showed lower severity
(median SOFA score 4 [IQR 3-5]) and better lung
function (mean PaO,/FiO, ratio 206.9 + 58.9). No
important abnormalities in platelet count and
coagulation were present at that moment. When
comparing tracheostomized patients’ characte-
ristics at the day of tracheostomy with those that
were not subjected to the procedure (at day 10),
all of these were clinically similar (Table 2).

The clinical decision for tracheostomy was
highly associated with the total days on IMV (odds
ratio 1.21, p-value < 0.001). The propensity of
being tracheostomized increased in patients with
longer days on IMV (Figure 1). On the other hand,
the odds of mortality decreased when more days
on IMV were observed (Figure 2).

Table 2 shows secondary outcomes. CO-
VID-19 patients who received a tracheostomy
had longer days on IMV, and longer ICU and

Table 2. Primary and secondary outcomes (unadjusted)

. Control patients
(n = 46)
90-day mortality 15 (32.6%)
Hospital length of stay, days 29.5 (22-42)
ICU length of stay, days 18 (15-26)
Days on IMV time, days 6 (13-21)
Days under NMB 9. 5(6 13)
Days with prone-positioning 6.5 (4-10)
Renal replacement therapy 4 (8.7%)
ECMO 0 (0.0%)
ECCO2R 1(2.2%)
Healthcare-associated infections® 9 (19.6%)
VAP 0 (0.0%)
Blood-stream infections 5(10.9%)
Urinary infections 4 (8.7%)
Thrombotic complications® 6 (34.8%)
Pulmonary embolism 14 (30.4%)
Lower-extremity DVT 1(2.2%)
Thrombosis in other sites 1(2.2%)

Tracheostomy

(n = 46) p-value
3(6.5%) 0.003
73 (61-100.5) <0.001
58 (43-73) <0.001
46 (35-59) <0.001
10.5 (5- 15) 0.434
7.5(3-12) 0.538
8 (17.4%) 0.354
4 (8.7%) 0.117
1(2.2%) 1.000
24 (52.2%) 0.002
5(10.9%) 0.056
12 (26.1%) 0.105
15 (32.6%) 0.009
3 (50%) 0.205
16 (34.8%) 0.824
5 (10.9%) 0.203

4 (8.7%) 0.361

3Presence of one or more healthcare-associated infection; ®Presence of one or more thrombotic complications; ICU: Intensive
Care Unit; IMV: Invasive mechanical ventilation; NMB: Neuro-muscular blockade; ECMO: Extracorporeal membrane oxygena-
tion; ECCOzR: Extracorporeal carbon dioxide removal; VAP: Ventilator-associated pneumonia; DVT: Deep vein thrombosis.
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hospital length of stay than patients who were not
tracheostomized. In fact, 75% of tracheostomized
patients were on IMV by 35 days or more and
hospital length of stay was higher than 100 days
in 28.26% of patients. Consequently, healthca-
re-associated infections were significantly higher
in tracheostomized patients. Thrombotic events
were confirmed in 42.4% of patients, without
significant differences between patients with and
without tracheostomy.

In the crude analysis, 90-day mortality was
lower in patients who were tracheostomized than
in the control group (6.5% vs. 32.6%, p-value <
0.001), and no deaths occurred out of the hospital.
At the end of the study, 2 tracheostomized pa-
tients remained on IMV, and all patients without
tracheostomy have been discharged; thus, in the
worst scenario, crude 90-day mortality would be
10.9% vs. 32.6%, in tracheostomized and controls,
respectively (p-value = 0.021). However, after
controlling for total days on IMV and SOFA score,
logistic regression models showed weak evidence
against similar 90-day mortality between both
groups (relative risk = 0.303, p-value = 0.233).
Likewise, adjusted survival curves were similar
between patients with and without tracheostomy
(Figure 2).

At the end of the study, none of the five phy-
sicians than participated in the tracheostomies
nor any staft from the team developed COVID-19
symptoms. Furthermore, four physicians volun-
tarily reported their serological assessment (IgM

Tracheostomy in COVID-19 - C-M. Romero et al

and IgG) and PCR test for SARS-CoV-2; all of
them had negative results.

Discussion

In the present study, patients with severe
SARS-CoV-2 pneumonia who underwent pro-
longed IMV and received tracheostomy showed
a low 90-day mortality (10.9% in worst-case sce-
nario). Additionally, by controlling for potential
confounding factors, it was demonstrated that
the procedure is not associated with an excess of
mortality in comparison to patients who did not
undergo tracheostomy.

As opposed to the reports for classic acute
respiratory distress syndrome, patients who de-
velop severe SARS-CoV-2 pneumonia require
prolonged IMV with more frequency (10-21
days) and show a higher mortality>®". In fact,
SARS-CoV-2 pneumonia is the most visible ex-
pression of a much more complex pathology, with
multisystemic compromise and a higher risk of
bad outcome®. To our knowledge, this is the first
study to evaluate 90-day mortality of COVID-19
patients who had undergone tracheostomy be-
cause of prolonged IMV, incorporating a control
group that allowed us to adjust for confounding
factors. Our results do not show a high global
mortality (19.5%) despite the severity of their
clinical presentation and the associated organic
dysfunctions (Table 1). Additionally, we docu-
mented a strikingly low mortality in the group of
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Figure 2. Crude and adjusted survival curves in COVID-19 patients with prolonged invasive mechanical ventilation by
tracheostomy status. Survival plots of patients with and without tracheostomy. A, crude analysis and B, adjusted at means
of covariates in Cox regression. The apparent worse survival after invasive mechanical ventilation (IMV) onset in patients
without tracheostomy seems to be because of the confounding effect of SOFA score and days on IMV.
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tracheostomized patients. Other series that did
not include a control group nor remote tracking,
have reported similar death rates'*'>2!,

Today, there is still controversy about the
impact of the tracheostomy’s timing in critical
patients’ mortality. The largest study that com-
pared early (< 4 days) versus late (> 10 days)
tracheostomy did not show differences in terms of
mortality between both strategies®’. A meta-analy-
sis found that the performance of tracheostomy
within the first 10 days of translaryngeal intu-
bation was associated with a higher number of
days free from the ventilator, lower ICU stay,
reduction in the use of sedatives, and lower long-
term mortality (> 2 months)*'. In patients with
COVID-19, present recommendations regarding
the time of performance of the procedure are quite
variable?*?*>34 The lower mortality observed in
the present study cannot be explained by an early
tracheostomy strategy because due to the patients’
clinical severity (severe hypoxemia, hemodynamic
instability, prone position ventilation, ECMO),
the procedure took place around 20 days after
the translaryngeal ventilation, similar than other
studies'*".

An important aspect to highlight is that the
performance of a tracheostomy improves the
patients’ comfort®*, allowing the reduction of
sedatives and with it a more active participation
in the rehabilitation process inside the ICU, which
may positively impact the final evolution of the
disease. However, in COVID-19 a higher 30-day
survival was found in patients who had undergone
tracheostomy; but this study did not adjust the
survival probability by other risk factors®.

Until the report of the present series, there
had not been a comparative evaluation between
COVID-19 patients that underwent tracheostomy
and patients who did not undergo this procedure,
controlled by confounding factors. Our crude
analyses show a lower 90-day mortality in patients
that underwent tracheostomy; however, this diffe-
rence disappeared after controlling for confoun-
ding factors (p-value = 0.233). It is highly likely
that the lower mortality observed in patients who
underwent tracheostomy can be explained by the
existence of “confounding by indication™®. Spe-
cialists decided to tracheostomize these patients
because they were convinced that their survival
was highly possible.

In relation to secondary outcomes (Table 2),

Rev Med Chile 2023; 151:151-159
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infections associated with healthcare and throm-
botic events were frequent in our study’s patients.
The higher frequency of nosocomial infections in
patients who had undergone tracheostomy can be
explained by the longer ICU stay. On the other
hand, although more thrombotic events were
observed in patients with tracheostomy (50% vs.
35%), this difference did not reach statistical di-
fference, and as with the infections’ case, it may be
due to a higher exposure to the outcome because
of lower absolute mortality. However, thrombosis
was presented with a global frequency similar to
other studies®.

In our study, there were no registered cases of
COVID-19 among personnel who participated
in the performance of tracheostomies. Thus, we
confirmed that tracheostomy can be carried out in
a safe manner as demonstrated in diverse clinical
series'>!>%,

Limitations

Our study has several limitations that must
be considered. It is a series from a single center
that includes a small number of tracheostomized
patients. However, the fact that it was monocen-
tric may have reduced variability in the selection
criteria. Moreover, the findings are concordant
with those observed by other investigators'*'**!.
Because our patients underwent tracheostomy
around the third week of translaryngeal intu-
bation, our data did not allow us to evaluate the
impact that early tracheostomy may have had
in this population of patients, and even though
76% of the patients underwent percutaneous
tracheostomy, we could not establish differences
between open and percutaneous tracheostomy.
Nonetheless, other authors have previously repor-
ted the equivalence of both techniques'. On the
other hand, even though we attempted to control
confounding by indication, a larger sample size
would have allowed other complementary te-
chniques to be performed. Finally, we could not
perform serology or a PCR test to all members of
the team that did the tracheostomies. However,
none developed clinical manifestations or had to
stay in preventive isolation.

Conclusion

Our study’s data show that in COVID-19
patients undergoing prolonged IMV, the perfor-

157



ARTICULO DE INVESTIGACION

mance of a tracheostomy is not associated with
excess mortality, is a safe procedure for sanitary
personnel, and could improve comfort and favor
ICU rehabilitation.

Execution

Competing interests
The authors declare that they have no compe-
ting interests.

Acknowledgements

We are sincerely and profoundly grateful to
all Critical Care Unit staff for their collaboration
in each of the procedures and for the careful care
provided to the patients. Also, we acknowledge
to Irene Petersen for their statistical advice to
this research.

References

1. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et
al. Clinical Characteristics of Coronavirus Disease 2019
in China. N Engl ] Med. 2020; 382(18): 1708-20.

2. Romero CM, Cornejo RA, Galvez LR, Llanos OP, Tobar
EA, Berasain MA, et al. Extended prone position ven-
tilation in severe acute respiratory distress syndrome: a
pilot feasibility study. J Crit Care. 2009; 24(1): 81-8.

3. Yang X, YuY, Xu J, Shu H, Xia J, Liu H, et al. Clinical
course and outcomes of critically ill patients with SARS-
CoV-2 pneumonia in Wuhan, China: a single-centered,
retrospective, observational study. Lancet Respir Med.
20205 8(5): 475-81.

4. Barbaro RP, MacLaren G, Boonstra PS, Iwashyna TJ,
Slutsky AS, Fan E, et al. Extracorporeal membrane oxy-
genation support in COVID-19: an international cohort
study of the Extracorporeal Life Support Organization
registry. Lancet. 2020; 396(10257): 1071-8.

5.  Cummings M]J, Baldwin MR, Abrams D, Jacobson SD,
Meyer BJ, Balough EM, et al. Epidemiology, clinical
course, and outcomes of critically ill adults with CO-
VID-19 in New York City: a prospective cohort study.
Lancet. 2020; 395(10239): 1763-70.

6. Grasselli G, Greco M, Zanella A, Albano G, Antonelli
M, Bellani G, et al. Risk factors associated with mortality
among patients with covid-19 in intensive care units
in Lombardy, Italy. JAMA Intern Med. 2020; 180(10):
1345-55.

7. Abe T, Madotto F, Pham T, Nagata I, Uchida M, Tamiya
N, et al. Epidemiology and patterns of tracheostomy

158

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Tracheostomy in COVID-19 - C-M. Romero et al

practice in patients with acute respiratory distress sy-
ndrome in ICUs across 50 countries. Crit Care. 2018;
22(1): 195.

Romero CM, Marambio A, Larrondo J, Walker K, Lira
MT, Tobar E, et al. Swallowing dysfunction in nonneu-
rologic critically ill patients who require percutaneous
dilatational tracheostomy. Chest. 2010; 137(6): 1278-82.
Romero CM, Cornejo R, Tobar E, Galvez R, Luengo C,
Estuardo N, et al. Fiber optic bronchoscopy-assisted
percutaneous tracheostomy: a decade of experience at a
university hospital. Rev Bras Ter Intensiva. 2015; 27(2):
119-24.

Mattioli F, Fermi M, Ghirelli M, Molteni G, Sgarbi
N, Bertellini E, et al. Tracheostomy in the COVID-19
pandemic. Eur Arch Otorhinolaryngol. 2020; 277(7):
2133-5.

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(6): 544.

Di Lella F, Picetti E, Ciavarro G, Pepe G, Malchiodi L,
D'Angelo G, et al. Bedside surgical tracheostomy in the
intensive care unit during Covid-19 pandemic. Ann
Otol Rhinol Laryngol. 2021; 130(3): 304-6.

Angel L, Kon ZN, Chang SH, Rafeq S, Palasamudram
Shekar S, Mitzman B, et al. Novel percutaneous tra-
cheostomy for critically ill patients with COVID-19.
Ann Thorac Surg. 2020; 110(3): 1006-11.

Long SM, Chern A, Feit NZ, Chung S, Ramaswamy
AT, Li C, et al. Percutaneous and open tracheostomy
in patients with COVID-19: comparison and outcomes
of an institutional series in New York City. Ann Surg.
2021; 273(3): 403-9.

Volo T, Stritoni P, Battel I, Zennaro B, Lazzari F, Be-
llin M, et al. Elective tracheostomy during COVID-19
outbreak: to whom, when, how? Early experience from
Venice, Italy. Eur Arch Otorhinolaryngol. 2021; 278(3):
781-9.

Picetti E, Fornaciari A, Taccone FS, Malchiodi L, Grossi
S, Di Lella F, et al. Safety of bedside surgical tracheos-
tomy during COVID-19 pandemic: A retrospective
observational study. PLoS One. 2020; 15(9): €0240014.

Richardson S, Hirsch JS, Narasimhan M, Crawford JM,
McGinn T, Davidson KW, et al. Presenting characteris-
tics, comorbidities, and outcomes among 5700 patients
hospitalized with COVID-19 in the New York city area.
JAMA. 2020; 323(20): 2052-9.

Ranzani OT, Bastos LSL, Gelli JGM, Marchesi JF, Baidao
F, Hamacher S, et al. Characterisation of the first 250
000 hospital admissions for COVID-19 in Brazil: a
retrospective analysis of nationwide data. Lancet Respir
Med. 2021; 9(4): 407-18.

Chao TN, Harbison SP, Braslow BM, Hutchinson CT,

Rev Med Chile 2023; 151:151-159



Tracheostomy in COVID-19 - C-M. Romero et al

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Rajasekaran K, Go BC, et al. Outcomes after tracheos-
tomy in COVID-19 patients. Ann Surg. 2020; 272(3):
el81-6.

Michetti CP, Burlew CC, Bulger EM, Davis KA, Spain
DA; Critical Care and Acute Care Surgery Committees
of the American Association for the Surgery of Trau-
ma. Performing tracheostomy during the COVID-19
pandemic: guidance and recommendations from the
Critical Care and Acute Care Surgery Committees of
the American Association for the Surgery of Trauma.
Trauma Surg Acute Care Open. 2020; 5(1): €000482.
Takhar A, Surda P, Ahmad I, Amin N, Arora A, Cam-
porota L, et al. Timing of tracheostomy for prolonged
respiratory wean in critically ill coronavirus disease
2019 patients: a machine learning approach. Crit Care
Explor. 2020; 2(11): e0279.

Alhazzani W, Moller MH, Arabi YM, Loeb M, Gong
MN, Fan E, et al. Surviving Sepsis Campaign: Guidelines
on the management of critically ill adults with corona-
virus disease 2019 (COVID-19). Crit Care Med. 2020; 4
8(6): e440-69.

Shekar K, Badulak ], Peek G, Boeken U, Dalton HJ,
Arora L, et al. Extracorporeal Life Support Organiza-
tion Coronavirus Disease 2019 Interim Guidelines: A
Consensus Document from an International Group of
Interdisciplinary Extracorporeal Membrane Oxygena-
tion Providers. ASAIO J. 2020; 66(7): 707-21.

Romero CM, Bravo S, Diaz MA, Avendaiio S, Figueroa
P, Tobar R, et al. [Recommendations of the Chilean
Society of Intensive Medicine for the consideration of
an early percutaneous tracheostomy in COVID-19]. Rev
Chil Med Intensiva. 2020; 35(2): 1-4.

Romero CM, Cornejo RA, Ruiz MH, Gélvez LR, Llanos
OP, Tobar EA, et al. Fiberoptic bronchoscopy-assisted
percutaneous tracheostomy is safe in obese critically ill
patients: a prospective and comparative study. J Crit
Care. 2009; 24(4): 494-500.

McGrath BA, Brenner MJ, Warrillow SJ, Pandian
V, Arora A, Cameron TS, et al. Tracheostomy in the
COVID-19 era: global and multidisciplinary guidance.
Lancet Respir Med. 2020; 8(7): 717-25.

Mandell LA, Wunderink RG, Anzueto A, Bartlett JG,
Campbell GD, Dean NG, et al. Infectious Diseases So-
ciety of America/American Thoracic Society consensus
guidelines on the management of community-acquired
pneumonia in adults. Clin Infect Dis. 2007; 44 Suppl
2(Suppl 2): $27-72.

Vittinghoff E, McCulloch CE. Relaxing the rule of ten
events per variable in logistic and Cox regression. Am J
Epidemiol. 2007; 165(6): 710-8.

Contou D, Fraissé M, Pajot O, Tirolien JA, Mentec H,
Planteféve G. Comparison between first and second
wave among critically ill COVID-19 patients admitted

Rev Med Chile 2023; 151:151-159

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

ARTICULO DE INVESTIGACION

to a French ICU: no prognostic improvement during the
second wave? Crit Care. 2021; 25(1): 3.

Young D, Harrison DA, Cuthbertson BH, Rowan K;
TracMan Collaborators. Effect of early vs late tra-
cheostomy placement on survival in patients receiving
mechanical ventilation: the TracMan randomized trial.
JAMA. 2013; 309(20): 2121-9.

Hosokawa K, Nishimura M, Egi M, Vincent JL. Timing
of tracheotomy in ICU patients: a systematic review of
randomized controlled trials. Crit Care. 2015; 19: 424.
Schultz P, Morvan JB, Fakhry N, Moriniére S, Vergez S,
Lacroix C, et al. French consensus regarding precautions
during tracheostomy and post-tracheostomy care in the
context of COVID-19 pandemic. Eur Ann Otorhino-
laryngol Head Neck Dis. 2020; 137(3): 167-9.

Lamb CR, Desai NR, Angel L, Chaddha U, Sachdeva
A, Sethi S, et al. Use of tracheostomy during the CO-
VID-19 pandemic: American College of Chest Physi-
cians/American Association for Bronchology and In-
terventional Pulmonology/Association of Interventional
Pulmonology Program Directors Expert Panel Report.
Chest. 2020; 158(4): 1499-514.

Kwak PE, Connors JR, Benedict PA, Timen MR, Wang
B, Zhang Y, et al. Early outcomes from early tracheos-
tomy for patients with COVID-19. JAMA Otolaryngol
Head Neck Surg. 2021; 147(3): 239-44.

Blot F, Similowski T, Trouillet JL, Chardon P, Korach
JM, Costa MA, et al. Early tracheotomy versus prolonged
endotracheal intubation in unselected severely ill ICU
patients. Intensive Care Med. 2008; 34(10): 1779-87.
Trust MD, Lara S, Hecht J, Teixeira PG, Coopwood B,
Aydelotte J, et al. A prospective study of family satisfac-
tion changes after tracheostomy placement in trauma
patients. Am Surg. 2020 Dec 9:3134820954831.

Queen Elizabeth Hospital Birmingham COVID-19
airway team. Safety and 30-day outcomes of tracheos-
tomy for COVID-19: a prospective observational cohort
study. Br ] Anaesth. 2020; 125(6): 872-9.

Freemantle N, Marston L, Walters K, Wood J, Reynolds
MR, Petersen I. Making inferences on treatment effects
from real world data: propensity scores, confounding by
indication, and other perils for the unwary in observa-
tional research. BMJ. 2013; 347: £6409.

Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS,
Gommers D, Kant KM, et al. Confirmation of the high
cumulative incidence of thrombotic complications in
critically ill ICU patients with COVID-19: An updated
analysis. Thromb Res. 2020; 191: 148-50.
Avilés-Jurado FX, Prieto-Alhambra D, Gonzailez-San-
chez N, de Osso6 J, Arancibia C, Rojas-Lechuga MJ, et
al. Timing, complications, and safety of tracheotomy in
critically ill patients with COVID-19. JAMA Otolaryn-
gol Head Neck Surg. 2020; 147(1): 1-8.

159



