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Purpose: To determine whether time-to-intubation was associated with higher ICU mortality in patients with
COVID-19 on mechanical ventilation due to respiratory insufficiency.
Materials and methods: We conducted an observational, prospective, single-center study of patients with con-

firmed SARS-CoV-2 infection hospitalized with moderate to severe ARDS, connected to mechanical ventilation
in the ICU between March 17 and July 31, 2020. We examined their general and clinical characteristics. Time-
to-intubation was the time from hospital admission to endotracheal intubation.
Results:We included 183 consecutive patients; 28% were female, and median age was 62 years old. Eighty-eight
patients (48%)were intubated before 48 h (early) and ninety-five (52%) after 48 h (late). Patients intubated early
had similar admission PaO2/FiO2 ratio (123 vs 99; p = 0.179) but were younger (59 vs 64; p = 0.013) and had
higher body mass index (30 vs 28; p = 0.006) compared to patients intubated late. Mortality was higher in pa-
tients intubated late (18% versus 43%), with admission PaO2/FiO2 ratio< 100mmHg (OR 5.2; p=0.011), of older
age (OR 1.1; p = 0.001), and with previous use of ACE inhibitors (OR 4.8; p = 0.026).
Conclusions: In COVID-19 patients, late intubation, Pafi<100, older age, and previous ACE inhibitors use were as-
sociated with increased ICU mortality.

© 2021 Elsevier Inc. All rights reserved.
1. Background

Pneumonia associated with SARS-CoV-2 (COVID-19) may evolve to
acute respiratory distress syndrome (ARDS), which is associated with
high mortality risk [1-4]. Many patients are admitted with pneumonia
and arterial hypoxemia without evidence of dyspnea, increased work
of breathing, or impending fatigue [5-7]. Long-accepted clinical practice
and expert consensus support prompt intubation of patients with se-
vere hypoxemia [8,9]. However, due to the high demand for intensive
rome; ICU, Intensive care unit;
; MV, Mechanical ventilation;
verse transcriptase polymerase
, Positive end-expiratory pres-
PACHE, Acute Physiology and
re Assessment; ACE inhibitors,

ntensiva, Facultad deMedicina,
ntiago 8320000, Chile.
care unit (ICU) beds during the pandemic [6], some authors have advo-
cated for a conservative approach, promoting high-flow nasal cannula
(HFNC) [10], or non-invasive ventilation [11] while the patient is in an
awake prone position [10-12].

Apart from the well-known risks of mechanical ventilation
(MV), an infection [13], and ventilator-induced lung injury
[14,15], among others, the potential shortage of ICU resources
related to the massive demand for MV during the pandemic has
added stress and uncertainties to clinicians managing these acute
patients [16]. Furthermore, many of these patients exhibited pre-
carious condition, worsening after an initial improvement and
eventually required intubation at some time. It is not clear whether
time-to-intubation directly associates with increased mortality in
COVID-19 hypoxemic patients [17].

A recent study showed that neither time from ICU admission to intu-
bation nor HFNC use were associated with increased mortality [18] in a
time frame of 8 h.However, different criteriamay influence themoment
of admission to the ICU, ranging from the initial clinical impression
despite poor oxygenation to bed availability. Unlike ICU admission,
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hospital admission is objectively based on hypoxemia with diverse
manifestations of dyspnea or increased work of breathing (WOB) in
COVID-19 patients.

We hypothesized that later intubation was associated with worse
outcomes than early intubation in patients with confirmed SARS-CoV-2
infection admitted to the hospital with respiratory insufficiency.

Our main objective was to determine whether the time-to-intuba-
tion in hospitalized COVID-19 patients was associated with outcomes.
To address this issue, we analyzed a prospectively collected database
of mechanically ventilated COVID-19 patients treated in our ICU during
the peak months of the pandemic.
Fig. 1. Flowchart of COVID-19 pa
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2. Materials and methods

This prospective observational study was carried out at the Clinical
Hospital of the UC-CHRISTUS Health Network in Santiago, Chile. Pa-
tients with laboratory-confirmed SARS-CoV-2 infection and moderate
to severe ARDS [19] were consecutively included between March 17
and July 31, 2020. Admission pathways comprised the emergency de-
partment and basic ward. The Institutional Ethics Committee approved
this project (Research Ethics Committee N° 200,504,004, Faculty of
Medicine, Pontificia Universidad Católica de Chile) and waived the
need for informed consent.
tients enrolled in the study.
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Our university hospital has a 32-bed both medical-and-surgical ICU
with extracorporeal membrane oxygenation (ECMO) capability. Due
to the COVID-19 pandemic, the hospital ICU capacity was surged, incor-
porating up to 56 beds from other reconverted units, as needed.
Intensivists and ICU-trained nurses were deployed to these expanded
ICUs to ensure a similar standard of care.

Laboratory confirmation of SARS-CoV-2 was defined as a positive
real-time reverse transcriptase-polymerase chain reaction (RT-PCR) re-
sult of nasal and pharyngeal swabs.

Respiratory failure management protocol. All patients undergo an
initial respiratory failure management protocol that included HFNC
and awake prone positioning when tolerated. Orotracheal intubation
and connection to MV were performed if the patient had increased
work of breathing (WOB) and other conditions. The decision to intubate
was by attending physicians, andMV started in the volume-control ven-
tilation mode according to local management protocol (See details on
Additional file 1A and 1B).

Data Collection. Data were recorded prospectively by the research
team in an electronic worksheet during the patient's stay in the ICU.
Datawere collected andmanaged using the REDCap electronic data cap-
ture tools hosted at Pontificia Universidad Católica de Chile. Clinical data
included sex, age, weight, height, medical comorbidities, days since the
start of symptoms, laboratory parameters, and PaO2/FiO2 ratio by the
time of hospital admission. APACHE II, SOFA and Call scores were calcu-
lated within 24 h of ICU admission [20-22] Subsequently, clinical, labo-
ratory, and ventilatory parameters were recorded from the start of
invasive MV and included respiratory support mode, positive end-
expiratory pressure (PEEP) level, arterial blood gases, PaO2/FiO2 ratio,
pH, and respiratory system compliance (Crs).

Outcomes. Time of intubation was defined as the time from hospital
admission to endotracheal intubation. The primary outcome was ICU
death. Secondary outcomes included duration of MV, ICU and hospital
length of stay, and mortality on day 28, and on discharge from the
ICU. According to ROC curve analyses from our data, the time of intuba-
tion was classified as early (<48 h) or late (≥48 h).

Statistical Analysis. For variableswith non-normal distribution, non-
parametric tests were used. Accordingly, descriptive statistics are
Table 1
General and clinical characteristics of patients with severe COVID-19 respiratory fai

<48
(earl

Number (%) 88 (4
Age (years) 59 [5
Male n (%) 62 (7

Comorbidities
Diabetes mellitus n (%) 27 (3
Arterial hypertension n (%) 41 (4
BMI (kg/m2) 30 [2
Days of symptoms before admission 7 [4–
APACHE score 12 [8
SOFA score 6 [4–
CALL score 10 [8

Laboratory values
Ferritin (ng/mL) 1449
D-dimer (ng/mL) 2565
Lymphocytes (103/μL) 650 [
PaO2/FiO2 at hospital admission 123 [

CT scan n (%)
Normal 1 (1.7
Predominance of ground-glass opacities 44 (7
Predominance of consolidations 1 (1.7
Ground-glass opacities and consolidations 10 (1
Mainly consolidations with lung architecture distortion 1 (1.7

Categorical variables are expressed as frequency and percentage (%) and continuou
Abbreviations: OI orotracheal intubation; BMI bodymass index; COPD chronic obstru
uation II; SOFA sequential organ failure assessment.
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shown as medians [interquartile range 25–75] or percentages (%).
Mann-Whitney U, Kruskal Wallis, chi-square, and Fisher's exact, were
used when appropriate. We performed univariate analyses between
primary outcome and clinical and laboratory variables. Those with a
univariate p-value of 0.1were later included in themultivariate analysis
plus other clinically relevant ones. Logistic models were fitted to test in-
dividual and interaction variables. Amultivariable fractional polynomial
regression was fitted, including admission PaO2/FiO2 ratio, time to intu-
bation, age, d-dimer, and ACE inhibitors usage. In addition, we catego-
rized PaO2/FiO2 ratio, time to intubation, and age after generating ROC
curves to providemore manageable parameters for making timely clin-
ical decisions when facing acute patients with respiratory insufficiency
due to COVID-19.

Data were analyzed using Stata 16 (StataCorp, College Station, TX.
USA) and IBM SPSS Statistics for Mac, Version 27 (Armonk, NY) statisti-
cal packages. A two-tailed p-value of <0.05 was considered statistically
significant.

3. Results

During the study period, 1233 patients with confirmed COVID-19
were admitted, of which 360 evolved with PaO2/FiO2 ratio < 300
mmHg. Of these patients, 25 (7%) underwent a limitation on life-
support interventions. Fifty-nine (16.4%) patients were intubated
upon admission to the ICU, while 286 (79.4%) underwent an HFNC,
non-invasive ventilation, and prone trial, of which 162 (45%) patients
did not require MV during hospitalization (Additional file 2). Thus,
183 patients confirmed COVID-19 required invasive ventilatory support
and were included in the study (Fig. 1).

Demographic and clinical characteristics of patients are shown in
Table 1 according to time to intubation. Overall, 132 patients (78%)
were men, their median age was 62 years (54–70), and 138 patients
(75%) had one or more comorbidities being hypertension (48%), diabe-
tes (33%), and other cardiovascular diseases (8.2%) the most common.
Patients intubated late were older than those intubated early, and
their body mass index (BMI) was lower. SOFA score was higher, and
CALL score lower in patients intubated early. Thoracic CT scan showed
lure according to timing from admission to orotracheal intubation.

h to OI
y)

>48 h to OI
(late)

P-value

8) 95 (52)
3–66] 64 [55–71] 0.013
1) 70 (74) 0.626

1) 34 (36) 0.464
7) 46 (48) 0.688
9–33] 28 [26–31] 0.006
8] 7 [5–10] 0.124
–15] 13 [8–20] 0.354
8] 4 [2–8] 0.014
–12] 11 [10–12] 0.021

[850–1934] 1415 [909–2472] 0.764
[1074–4796] 1701 [1074–4653] 0.194
470–1020] 580 [435–880] 0.199
82–166] 99 [77–158] 0.179

5) 3 (4.17) 0.422
7.19) 56 (77.78)
5) 5 (6.94)
7.54) 7 (9.72)
5) 1 (1.39)

s variables as median and interquartile range 25–75 [IQR].
ctive pulmonary disease; APACHE II Acute Physiology and Chronic Health Eval-



Table 2
Interventions and outcomes by time from ICU admission to intubation.

<48 h to OI >48 h to OI P-value

Number (%) 88 (48) 95 (52)
Dexamethasone 30 (34) 39 (41) 0.332
Prone position (%) 62 (71%) 68 (72%) 0.872
Tracheostomy (%) 18 (21%) 27 (29%) 0.196
RRT (%) 12 (14%) 12 (13%) 0.841
ECMO 4 (5) 7 (7) 0.422
Pulmonary thromboembolism 20 (23%) 15 (16%) 0.233
ICU LOS (days) 15 [9–23] 23 [12–39] 0.003
MV days 13 [8–25] 16 [9–33] 0.131
Ventilator-free days 15 [3−20] 12 [0–19] 0.196
Hospital LOS (days) 31 [17–45] 36 [24–62] 0.031
28-day mortality (%) 11 (13%) 21 (22%) 0.087
ICU mortality (%) 16 (18%) 43 (43%) <0.001

Categorical variables are expressed as frequency and percentage (%) and continuous var-
iables as median and interquartile range 25.75 [IQR].
Abbreviations: ICU intensive care unit; MVmechanical ventilation; RRT renal replacement
therapy; ECMO extracorporeal membrane oxygenation support; LOS length of stay.
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a predominance of ground-glass opacities, with no difference between
groups. Several days of symptoms before hospital admissionwas not as-
sociated with the outcome (Table 1). Both groups were similar in the
use of prone positioning.

Regarding dexamethasone use [23], 38% of our patients received this
drug; 34% in the early and 41% in the late group. Pulmonary embolism
(PE), renal replacement therapy (RRT), and tracheostomy were similar
between groups. Patients intubated after 48 h had an ICU stay 7-days
longer, hospital stay 5-days longer, and more than double higher mor-
tality compared to those intubated before 48 h after hospital admission.
ECMO requirements in both groups were similar (Table 2). The use of
awake proning, HNFC, and non-invasive ventilation is detailed in Addi-
tional file 2.

In addition, patients intubated late presented lower pulmonary
compliance significantly at day one of intubation compared to those
intubated early (p = 0.013). Of note, pulmonary compliance lowered
progressively as PaO2/FiO2 ratio lowered, but arterial pH, pCO2 and
tidal volume did not show significant differences (Additional file 3). Pa-
tients with severe ARDS intubated late exhibited lower compliance and
higher driving pressure on the first MV day compared to patients
intubated early, while pH and height-adjusted tidal volume were simi-
lar (Table 3).

Multivariate logistic regression showed that PaO2/FiO2 ratio at ad-
mission (OR 0.52 [0.31–0.86], p = 0.01), time to intubation (OR 1.01
[1.00–1.01], p=0.02), age (OR 1.01 [1.00–1.01], p< 0.001), and angio-
tensin converting enzyme inhibitors (ACE) inhibitors use (OR 12.37
[2.28–67.09], p = 0.004) were significantly associated with mortality.
D-dimer, tested in the samemodel, did not reach statistical significance
Table 3
Mechanical ventilation variables according to PaO2/FiO2 and time to intubation.

Admission PaO2/FiO2 < 100 mmHg

<48 h to OI >48 h to OI

Number (%) 32 (17) 48 (26)
Respiratory rate 26 [23−30] 28 [24–30]
Tidal volume (ml) 390 [370–400] 345 [303–400]
PEEP (cmH2O) 10 [8–10] 8 [6–10]
P plateau (cmH2O) 19 [18–23] 21 [20–24]
Crs (ml/cmH20) 32 [30–39] 23 [21−33]
Driving pressure (cmH2O) 12 [9–12] 14 [12–16]
PaO2/FiO2 ratio (mmHg) 134 [89–176] 123 [100–150]
Arterial pH 7.36 [7.28–7.44] 7.36 [7.26–7.40]
PaCO2 (mmHg) 49 [38–50] 46 [41–61]

Categorical variables are expressed as frequency and percentage (%) and continuous variables
Abbreviations: PEEP positive end-expiratory pressure; Crs respiratory system compliance.
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(p = 0.077). Other variables, as LDH and lymphocytes count at admis-
sion, tested in different models did not reach statistical significance.
However, the recent developed CALL score, which incorporated LDH,
age, lymphocytes count, and comorbidities, reached statistical signifi-
cance in a different multivariate model that excluded age and ACE in-
hibitors use to avoid overfitting (OR 1.57 [1.16–2.11], p = 0.005).

We generated ROC curves for PaO2/FiO2 ratio, time to intubation and
age to explore potential practical cutoffs for facilitating clinical decisions
in the acute setting (Additional file 4). Optimal cutpoints for PaO2/FiO2

ratio, time to intubation and age were 100, 48 h and 60 years, respec-
tively. Accordingly, we generated four subgroups that were tested in
a logistic regression model. Patients presenting with PaO2/FiO2 ratio
< 100 mmHg and intubated >48 h after hospital admission showed a
statistically significant association with mortality in the ICU (OR 5.20
[1.46–18.46], p = 0.011) compared to the other three groups (Fig. 2).

4. Discussion

Ourmain finding is that among hospitalized patients with COVID-19
with respiratory insufficiency, intubation after 48 h of hospital admis-
sion and PaO2/FiO2 ratio on admission <100 mmHg was associated
with increased mortality. In addition, older age and previous use of
ACE inhibitors were also associated with increased mortality.

We cannot establish a valid reason for this clinical course. All pa-
tients not intubated at admissionwere given an awake prone trial, com-
bined with HFNC and careful monitoring, and intubation was not
delayed in any patient when indicated. As all patients were hypoxemic,
the PaO2/FiO2 ratio was never considered alone as the sole criterion for
intubation. This concept has been referred to as happy hypoxemia and
has beenwidely discussed recently [5-7,24]. In our patients, an increase
in the WOB or a subtle clinical deterioration, characterized by the ap-
pearance of initial signs of fatigue or physical discomforts such as delir-
ium, restlessness, or disorientation, prompted the clinicians to consider
intubation. This explains why some patients lasted a long time with se-
vere hypoxemia before being intubated while others underwent the
procedure much earlier. There were patients with PaO2/FiO2 ratio <
100 who did not require intubation and were uneventfully discharged
to a lower-care unit, and they all survived.

The different clinical courses between patients intubated earlier or
late may have been determined by a natural evolution of the disease
unveiling a phenotype with a more rapid progression of lung damage
and, possibly, patient-specific factors as patients intubated late were
older and had a lower BMI than their counterparts. The spontaneous
ventilatory efforts could have determined another contributing factor
during prolonged periods, and that would be capable of inducing the
progression of lung damage, what we knewn as patient self-inflicted
lung injury (P-SILI) [25-28] if present, cannot be credited or ruled-out
as a relevant mechanism with the available information this would
Admission PaO2/FiO2 > 100 mmHg

P-value <48 h to OI >48 h to OI P-value

56 (31) 47 (26)
0.332 26 [24–28] 28 [24–30] 0.557
0.090 366 [329–434] 390 [355–422] 0.628
0.010 10 [8–10] 8 [7–10] 0.382
0.191 20 [20−23] 21 [19–23] 0.592
0.003 31 [26–39] 32 [27–41] 0.700
0.041 12 [10–14] 11 [10−13] 0.699
<0.001 178 [132−202] 117 [109–155] 0.233
0.946 7.39 [7.28–7.41] 7.32 [7.24–7.42] 0.238
0.365 46 [38–50] 53 [43–58] 0.020

as median and interquartile range 25.75 [IQR].



Fig. 2. Kaplan-Meier survival curve according to the timing of intubation and PaO2/FiO2 ratio.
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not provide justification for liberal use of endotracheal intubation
[29,30]. Nevertheless, the pulmonary mechanics we reported were
just the initial values after intubation. Other ventilatory strategies
employed after that were not recorded for this study.

The fact that almost half of the total number of patients with PaO2/
FiO2 ratio < 300mmHg admitted to our center did not requireMV con-
firmed that the use of awake prone or HFNCmight helpful in COVID-19
patients with respiratory failure, as have been published [10,12,30].
Most of our more severe hypoxemic patients underwent a trial of
awake prone or HFNC to manage respiratory failure. This strategy may
have helpedmany of them to avoid intubation and its potential compli-
cations without increasing mortality [30,34], especially in a pandemic
situation.

The timing of intubation in patients with COVID-19 has been the
subject of intense debate. While some advocate for early intubation,
others claim for a more conservative approach, trying noninvasive
methods (NIV, HFNC, and prone) [29] to prevent intubation and con-
nection to MV [11,33]. Our findings differ from the results reported by
recent studies that address the impact of time from ICU admission to in-
tubation on the outcome [18,35-37]. In the Hernandez-Romieu study
[18], the median from hospital to ICU admission was 1.0 days. We can
speculate that the short period between hospital admission and ICU ad-
mission could have effectively limited the appearance of different clues
of disease progression and lung damage after a long time of spontane-
ous or assisted ventilation in hypoxemic COVID-19 patients.

On the other hand, a recent review [37] that included about 9000 pa-
tients did not show statistically detectable differences in mortality be-
tween patients undergoing early versus late intubation, suggesting
that intubation timemay not affect mortality andmorbidity of critically
ill patients with COVID-19. These results might justify a wait-and-see
approach, which may lead to fewer intubations. However, a limitation
is a significant variability regarding the definition de early and late intu-
bation and the use of random times based on previous studies, unlike
our results that consider the cutoffs to establish optimal cutpoints.

Our study has several limitations. First, it is a single-center cohort
study in a tertiary academic hospital, not reflecting necessarily the real-
ity of other hospitals in our country, in which prioritization and triage of
MV were even more demanding. Second, we followed a ventilatory
management protocol that includedHFNC trial, awake proning position,
prolonged proning cycles, and ultra-protective ventilation, among other
interventions. Notwithstanding that this protocol has a physiological
168
and clinical rationale and is evidence-supported, it could differ from
other centers' algorithms, hindering the external validity of our results.
Moreover, although we did not have critical personnel shortages, there
could have been protocol violations due to highly stressed periods or
the weekends, when ICU personnel becomes even more reduced. In
these cases, patient care could have been affected, and clinical deteriora-
tion overlooked.Nevertheless, in spite of that, ultimately, the decision to
intubate depended on the attending clinician. Finally, as we previously
mentioned, our results are only hypothesis-generating but provide rel-
evant suggestions to guide future decision-making in the clinical man-
agement of hypoxemic COVID-19 patients.

5. Conclusion

In conclusion, we found that hospitalized patients with COVID-19
admitted with a PaO2/FiO2 ratio < 100 mmHg and intubated 48 h after
hospital admission had increased mortality. Other identifiable risk fac-
tors on admission, such as older age and the use of ACE inhibitors, may
increase the risk associated with late intubation. Further studies are re-
quired to confirm our findings and establish the best time for intubation
in COVID-19 patients admitted with moderate to severe ARDS, the im-
pact of adjuvant therapies, and the ventilatory approach.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jcrc.2021.06.008.
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