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Abstract

Background: We examined the effect of intubation time and the lung
mechanics on clinical outcomes in coronavirus disease 2019 (COV-
ID-19) patients.

Methods: Based on the patient’s hospital admission, intubation time
was defined as early (< 2 days) or late (> 2 days). Patients were fur-
ther divided into three groups; early (< 3 days), late (4 - 6 days), and
very late (> 6 days) intubated.

Results: A total of 194 patients were included; 66.5% male, median
age 05 years. Fifty-eight patients (29.9%) were intubated early and 136
(70.1%) late. Early intubated patients revealed lower mortality (44.8%
vs. 72%, P < 0.001), were younger (60 vs. 67, P = 0.002), had lower
sequential organ failure assessment (SOFA) scores (6 vs. 8, P =0.002)
and higher lung compliance on admission days 1, 6 and 12 (42 vs. 36, P
=10.006; 40 vs. 33, P <0.001; and 37.5 vs. 32, P <0.001, respectively).
Older age (adjusted odds ratio (aOR) =1.15, P < 0.001), intubation time
(aOR = 1.15, P = 0.004), high SOFA scores (aOR = 1.81, P < 0.001),
low partial pressure of oxygen (PaO,)/fractional inspired oxygen ten-
sion (FiO,) ratio (aOR = 0.96, P = 0.001), and low lung compliance
on admission days 1 and 12 (aOR =1.12, P=0.012 and aOR = 1.14,
P < 0.001, respectively) were associated with higher mortality. Very
late and late intubated patients had higher mortality rates than patients
intubated early (78.4% vs. 63.4% vs. 44.6%, respectively, P < 0.001).

Conclusions: Among COVID-19 intubated patients, age, late intuba-
tion, high SOFA scores, low PaO,/FiO, ratio, and low lung compli-
ance are associated with higher intensive care unit (ICU) mortality.
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Introduction

Pneumonia associated with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (coronavirus disease 2019
(COVID-19)) is often associated with hypoxic respiratory
failure, which is a key criterion for acute respiratory distress
syndrome (ARDS). Delayed intubation and mechanical venti-
lation (MV), especially in patients with high respiratory drive,
has been associated with patient self-inflicted lung injury (P-
SILI) [1, 2], which is considered as an underlying mechanism
and a potential prognosticator of a worsened patients’ clinical
outcome. On the other hand, intubation and MV are associated
with increased morbidity and mortality [3-5]. In four recent
studies late intubation and MV are associated with increased
mortality among COVID-19 patients [6-9]. In contrast, other
studies, including a systematic review and meta-analysis of
non-randomized studies, suggest that time to intubation and
MV may have no impact on the morbidity and mortality of
critically ill patients with COVID-19 [3, 10-15].

The definition of early and late intubation shows great
variation, typically related to the intubation of patients within
24 h or after admission to the intensive care unit (ICU). How-
ever, various factors may influence the time of ICU admis-
sion: bed availability; age and illness duration, as younger and
longer-surviving patients are usually transferred to the ICU
more rapidly; initial clinical impression in terms of oxygena-
tion and work of breathing; and the number of patients treated
in the wards on oxygen support with high-flow nasal cannula
(HFNC) or continuous positive airway pressure (CPAP).

Among patients with SARS-CoV-2 infection and respira-
tory insufficiency admitted to our hospital from whom treat-
ment with HFNC or CPAP failed to cure severe hypoxemia and
increased work of breathing, we hypothesized that late intuba-
tion and MV are associated with a worse outcome than early
intubation. To investigate the effect of intubation time and lung
mechanics, we analyzed prospectively collected data on COV-
ID-19, mechanically ventilated patients hospitalized in our ICU.
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Materials and Methods

This is a prospective observational cohort study that was car-
ried out at the ICU of Patras General University Hospital, a
tertiary, academic 750-bed hospital. All consecutive intubated
and invasively mechanically ventilated patients over 18 years
suffering severe COVID-19 pneumonia that were treated in
the ICU, during the third pandemic wave (February 1, 2021,
to February 28, 2022) were included in the study. Only pa-
tients with laboratory-confirmed severe ARDS coronavirus 2
(SARS-CoV-2) infection were included while patients without
laboratory-confirmed COVID-19 were not included, even if
they presented with a typical radiological pattern. The study
protocol was approved by the Hospital Research Ethics Com-
mittee (PN: 10408), and the need for informed consent was
waived. Our university hospital has 17 (both medical and sur-
gical) ICU beds. During the COVID-19 pandemic, the ICU
capacity of our hospital was expanded to 37 beds on an as-
needed basis. However, there were insufficient ICU beds for
patients with severe ARDS who required HFNC or CPAP.
Consequently, after a given point (February 1, 2021), it was
decided that only intubated cases should be treated in the ICU,
while patients who required HFNC or CPAP continued to be
treated in the wards under enhanced monitoring. COVID-19
was confirmed by a positive result on real-time reverse tran-
scriptase-polymerase chain reaction of both nasal and phar-
yngeal swabs for SARS-CoV-2. The study was conducted in
compliance with the ethical standards of our institution (Gen-
eral University Hospital of Patras) on human subjects as well
as with the Helsinki Declaration.

In accordance with our hospital’s protocol, patients with
initial hypoxemia and respiratory failure were first man-
aged with a Venturi mask, HFNC and/or CPAP, and awake
prone positioning when tolerated. Respiratory support meth-
ods were usually used in the order described, with a gradual
increase in fractional inspired oxygen tension (FiO,) and
positive-end-expiratory-pressure (PEEP) predicated on the
assessment of the attending physicians. The decision for in-
tubation and MV was also made by the attending physicians
in the event of altered mentation, hemodynamic instability,
and respiratory distress (evidenced by the usage of accessory
respiratory muscles or inability to speak). Hypoxemia with-
out dyspnea and respiratory distress (silent or “happy” hy-
poxemia, which is common in COVID-19 patients) [16] was
not considered sufficient to warrant intubation. However, in
critical disease including ARDS and severe hypoxemia or
respiratory failure which was insisted or aggravated (PO,/
FiO, < 100) despite the application of HFNC (up to 60 L/
min) or CPAP (up to 10 cm H,O PEEP), septic shock and/
or multiple organ disfunction, the patients were intubated.
A protective lung ventilation strategy was adopted [17-19],
while using MV, which was initiated in pressure control ven-
tilation mode, with a tidal volume of 6 - 8 mL/kg of ideal
body weight, aiming at maintaining a driving pressure of <
15 cm H,O [20] and a plateau pressure (Ppl) of <30 cm H,O.
FiO, was titrated to oxygen saturation measured via pulse
oximetry of 92-94%, and PEEP was determined according to
the best PEEP strategy [21]. The respiratory rate was titrated
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to maintain pH > 7.25, accepting mild hypercapnia (PCO, <
52 mm Hg), unless contraindicated. Recruitment maneuvers
were at the discretion of the attending physician and were not
mandatory. In severe hypoxemia (partial pressure of oxygen
(Pa0,)/FiO, < 150 mm Hg), a prone position was used for up
to 24 h if there were no complications, and a neuromuscu-
lar blocker infusion was initiated. Following improvement in
hypoxemia, protocolized spontaneous breathing trials were
considered [22], while percutaneous tracheostomy was per-
formed on patients undergoing prolonged MV. Post-extuba-
tion CPAP or HFNC was used when needed.

Data collection

Patients’ basic clinical and demographic data were retrospec-
tively collected from the electronic clinical records on the day
of intubation and ICU admission. From that moment onwards,
the data of interest were collected prospectively, and survival
was assessed at ICU discharge. Driving pressures were calcu-
lated. Radiological and laboratory data were collected from the
central computerized recording system of the hospital.

Outcomes

The time from hospital admission to intubation and MV was
defined as intubation time. The primary outcome was the im-
pact of the time to intubation on ICU survival. Based on the
patient’s hospital admission, intubation time was defined as:
early (< 2 days) or late (> 2 days). Secondary outcomes in-
cluded MV duration, lung mechanics and ICU length of stay
(LOS). The impact of time to intubation on MV duration and
ICU LOS were also studied. In addition, depending on the time
to intubation from the time of hospital admission, a second-
ary analysis was performed, with patients further divided into
three groups: early intubation (< 3 days), late intubation (4 - 6
days), and very late intubation (> 6 days), and the differences
between groups were studied.

Statistical analysis

Normality of data was tested using the Shapiro-Wilk test and
the Kolmogorov Smirnov test, and all the parameters tested ex-
hibited a non-normal distribution. Proportional and categorical
data were compared with the Chi-square test or Fisher’s exact
test, while the Mann-Whitney U-test was used for continuous
data analysis. Accordingly, the descriptive statistics are pre-
sented as medians (interquartile range 25 - 75), or percentages
(%).

According to a predefined analysis plan, that was con-
sidered before data collection, three different analyses were
performed. The first analysis was aimed at determining the
factors that differ between early and late intubated patients.
The second analysis was aimed at detecting predictors of ICU
mortality in patients who were intubated upon ICU admission.
The third, a secondary analysis, was aimed at determining the
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Figure 1. Mortality differences in early vs. late intubation group of patients (a), differences in intubation timing (days) in survivors
vs. non-survivors (b) and probability of survival between the two groups of patients (c).

impact of the time of intubation (early, late, or very late) on
patients’ survival (secondary analysis).

Predictors of ICU mortality were identified by using uni-
variable and multivariable logistic regression models (back-
ward stepwise). Variables with P values < 0.01 in the univari-
ate regression were included in the multivariable model, while
the choice of variables was also based on considered potential
collinearity and scientific knowledge. The possibility of ICU
survival was assessed via survival analysis using Kaplan-Mei-
er curves. The predictive value of the multivariable regression
model was estimated using the receiver operating characteris-
tic (ROC) and the area under the ROC curve (AUC).

The data were analyzed using the SPSS statistical pack-
age for Windows (version 27.0; IBM, Armonk, NY, USA) and
GraphPad Prism Version 9.3.1. A two-tailed P value of < 0.05
was considered statistically significant.
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Results

Early intubated patients compared to late intubated
patients

We included 194 consecutive intubated patients in this study;
66.5% were male, and the median age was 65 years old. Of the
194 study participants, 136 patients (70.1%) were intubated late
(> 2 days) and 58 (29.9%) were intubated early (< 2 days). Total
ICU mortality was 64%, and mortality among early intubated
patients was 44.8% compared to 72% among late intubated pa-
tients ((P < 0.001) (Fig. 1a); (P <0.016) (Fig. 1c)). Among the
patients who survived, the time to intubation was significantly
shorter (3.5 vs. 7 days, P < 0.001) than among non-survivors
(Fig. 1b). Early intubated patients and late intubated patients had
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similar body mass index (30 vs. 28, P =0.554), admission PaO,/
FiO, ratio (120 vs. 110, P = 0.295), admission plateau pressure
(26 vs. 26, P=0.101), median driving pressure (13.5 vs. 14; P=
0.081), MV days (12 vs. 12; P=0.902), ICU LOS (14.5 vs. 12; P
=0.344) and comorbidity number (2 vs. 2, P=0.340). However,
early intubated patients were younger (60 vs. 67, P=0.002), and
had lower sequential organ failure assessment (SOFA) scores (6
vs. 8, P=0.002) than late intubated patients. Furthermore, early
intubated patients had higher static compliance of the respira-
tory system than late intubated patients on admission day 1 (42
vs. 36, P=0.006), day 6 (40 vs. 33, P<0.001) and day 12 (37.5
vs. 32, P < 0.001). Before intubation, CPAP or/and HFNC was
administered to 164 (84.5%) patients. There was a statistically
significant difference in CPAP or HFNC use between early intu-
bated patients (42 of 58, i.e., 72.4%) and late intubated patients
(122 of 136, i.e., 89.7%; P = 0.004). Furthermore, the median
days under CPAP/HFNC administration were significantly less
among the early intubated group than among the late intubation
group (1 vs. 4.5, P <0.001). The differences between early and
late intubation patients are presented in Table 1.

Age (P <0.001), high SOFA score at ICU admission (P <
0.001), time to intubation (P = 0.004), low PaO,/FiO, ratio after
intubation (P = 0.001), low static compliance of the respiratory
system on admission day 1 and day 12 (P=0.012 and P<0.001,
respectively), and a high white blood cell (WBC) number at ICU
admission (P = 0.001) were independently associated with mor-
tality. Predictors of ICU mortality in patients who were intubated
upon ICU admission are presented in Table 2. The predictive
value of the multivariable regression model is rather high (AUC
=0.967, P <0.001) (Supplementary Material 1, www.jocmr.org).
The variance inflation factor (VIF) was used to test multicollin-
earity issues. VIF was lower than 7, therefore our analysis does
not present any significant multicollinearity issues.

Secondary analysis: early intubated patients compared to
late and very late intubated patients

Sixty-five patients (33.5%) were intubated early (< 3 days),
41 patients (21.1%) were intubated late (4 - 6 days), and 88
patients (45.4%) were intubated very late (> 6 days) after hos-
pital admission. There was a statistically significant difference
in mortality between the early intubated patients and the late
intubated patients (P = 0.045), and between the early intubated
patients and the very late intubated patients (P < 0.001). How-
ever, there was no statistically significant difference in mortal-
ity between the late intubated patients and the very late intu-
bated patients (P = 0.58) (Fig. 2a). Among the early intubated
patients, mortality was 44.6%, compared to 63.4% among the
late intubated and 78.4% among the very late intubated pa-
tients (P < 0.001) (Fig. 2b). The statistically significant differ-
ences between these three groups of patients are presented here
(Supplementary Material 2, www.jocmr.org).

Discussion

The main finding of our study is that, among intubated patients
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with severe respiratory failure and COVID-19, intubation af-
ter 2 days of hospital admission was associated with increased
mortality. Furthermore, patients who were intubated 6 days af-
ter hospital admission had a much higher mortality rate than
those patients who were intubated early (i.e., within 3 days of
admission). In general, survivors had a shorter time to intuba-
tion than non-survivors. In addition, age, a high SOFA score,
a high WBC number at ICU admission, a low PaO,/FiO, ratio
after intubation, and low static compliance of the respiratory
system were also associated with increased mortality.

A valid reason for this clinical course could be the spon-
taneous, prolonged ventilatory efforts before intubation, in-
ducing the progression of patients’ lung damage, also known
as P-SILI [1, 2, 23]. Both disease progression and super-
imposed P-SILI could result in failure of the CPAP and/or
HFNC support therapies, and a need for intubation. Noninva-
sive respiratory support has been considered a very effective
therapy for overcoming gas exchange impairment and poten-
tially averting the need for intubation in ARDS patients [24].
However, patients failing noninvasive ventilation have been
shown to have a particularly poor prognosis [25]. By decreas-
ing inspiratory effort and tidal volumes, intubation and MV
yield protective effects thus limiting the extent of P-SILI. In
order to prevent lung injury there was an early hypothesis-
driven advisory that COVID-19 patients should be intubated
and mechanically ventilated early in the disease progression
[26]. However, other studies on COVID-19 respiratory man-
agement and outcomes have challenged the above theory and
have called this paradigm into question [27, 28]. As such,
early management of COVID-19-induced hypoxemia em-
ploys noninvasive forms of oxygenation to forestall the need
for intubation and MV.

In our study, reduction in respiratory system compliance,
especially in late and very late intubated patients, is probably
associated with a significant increase in non-aerated lung tis-
sue caused by alveolar and interstitial edema, consolidation
and/or fibrosis. We do not know the impact of late intubation
and prolonged HFNC and CPAP administration on the devel-
opment of these lung lesions, but our findings are similar to
those of other clinical trials [29-31].

In COVID-19 patients, the time to intubation is still the
subject of intense debate [32]. Our findings are similar to those
of other studies, suggesting that delayed intubation in patients
with severe hypoxemia worsens their prognosis, especially af-
ter a prolonged CPAP trial [6-9]. However, many observational
studies [10-13] and one meta-analysis of non-randomized co-
hort studies, spanning approximately 9,000 patients [ 14] report
non-statistically significant differences in mortality between
patients intubated early or late during the course of the disease.

The majority of these studies are retrospective, with a small
number of patients treated with MV. In a study by Hernandez-
Romieu et al, of the 231 patients admitted to the ICU, only 97
(47.2%) were eventually intubated, while the remaining were
treated with HFNC [11]. The short median period between
hospital and ICU admission (1 day) may have limited the ap-
pearance of different phenotypes of lung damage and disease
progression [33, 34]. Concerning the meta-analysis [14], there
was a significant variability in the definition of early and late
intubation, which was a major limitation of the study.
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Figure 2. Patients’ mortality and time to intubation (a) and Kaplan-Meier curve for survival in early, late, and very late intubated

patients (b).

Patients who were intubated late were older, had higher
SOFA scores, decreased lung compliance and higher WBC
counts. None of these factors would make an impact based on
the decision to intubation criteria but, on the other hand, sug-
gest a progressive course of COVID-19 infection pneumonia.
Therefore, in our opinion, the decision on intubation should
also include the progression of the disease and the possible
deterioration of the inflammation markers. According to our
study, older age, higher SOFA scores, higher WBC counts and
worsening pulmonary lesions, which are revealed by comput-
ed tomography, should also be considered in the decision to
intubation [35, 36].

Our study has some critical limitations. First, it is a single-
center, observational, cohort study, and our results do not nec-
essarily reflect the reality of other hospitals, even in our own
country. In our study, however, ICU data were prospectively
collected, and we included a considerable number of intubated
patients. Second, we included only intubated patients, most of
whom had failed the HFNC/CPAP treatment, while there were
many patients with severe hypoxemia in our hospital treated
with noninvasive ventilation who survived without intuba-
tion. Therefore, determining the optimal time for intubation
remains a challenge.

In conclusion, our study findings indicate that among criti-
cally ill intubated COVID-19 patients, late intubation is as-
sociated with poor outcomes. During patients’ hospitalization,
additional risk factors such as age, a high SOFA score and a
high WBC number may increase the mortality risk associated
with late intubation. A lower PaO,/FiO, ratio following intu-
bation and low static compliance of the respiratory system are
also significant risk factors. Further prospective studies are re-
quired to establish the best time for intubation in COVID-19
patients suffering from severe ARDS.

Supplementary Material

Suppl 1. ROC curve (predictive value of the multivariable re-
gression model).
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Suppl 2. Differences between early, late, and very late intu-
bated patients.
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