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ABSTRACT

Background: Severe acute respiratory distress syndrome associated with coronavirus disease-2019 (COVID-19) (CARDS) pneumonitis presents a
clinical challenge as regards to the timing of intubation and ambiguity of outcome. There is a lack of clear consensus on when to switch patients from
trials of noninvasive therapies to invasive mechanical ventilation. We investigated the effect of the timing of intubation from the time of admission
on the clinical outcome of CARDS.

Aim and objective: The aim and objective was to analyze the effect of timing of intubation early (within 48 hours of admission to critical care
unit) versus delayed (after 48 hours of admission to critical care unit) on mortality in severe CARDS patients.

Materials and methods: A retrospective observational study performed in a 28-bedded COVID-19 intensive care unit of a tertiary care hospital in
Pune, India. All patients admitted between April 1,2020, and October 15, 2020, with confirmed COVID-19 (RT-PCR positive) requiring mechanical
ventilation were included in the study.

Results: The primary outcome was in-hospital mortality. Among 2,230 patients that were admitted to the hospital, 525 required critical care (23.5%),
invasive mechanical ventilation was needed in 162 patients and 147 (28%) of critical care admission were included in the study cohort after exclusion.
Seventy-five patients (51%) were intubated within 48 hours of critical care admission (early group) and 72 (48.9%) were intubated after 48 hours of critical
care admission (delayed group). With regards to the total of 147 included patients; male patients were 74.1% with a median age of 59 years (interquartile
range, 51-68 years). Diabetes (44.9%) and hypertension (43.5%) were the most common comorbidities. Higher admission acute physiology and chronic
health evaluation Il scores and lower absolute lymphocyte count were observed in patients intubated within 48 hours. The early intubated group had
a mortality of 60% whereas the same was observed as 77.7% in delayed intubation group, and this difference was statistically significant (p = 0.02).

Conclusion: Current study concludes that early intubation is associated with improved survival rates in severe CARDS patients.
Keywords: Acute respiratory distress syndrome; COVID-19; Intubation; Mechanical ventilation; Mortality.
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Coronavirus disease-2019 (COVID-19) that affected countries
globally was declared as a pandemic on March 11, 2020, by the
authorities of WHO. This pandemic had its roots in China as
an epidemic and then spread to other countries rapidly.! The
presentation of this disease varies widely in severity and it mainly
affects the respiratory system. The case fatality rate in these patients
of COVID-19is low (<5%) as observed in a single-arm meta-analysis
but a sizeable subset of the population (15-18%) do require critical
care support.? Although intubation triggers serve as a classic guide
for making carefully weighed decision for appropriate timing of
intubation, these triggers themselves are generally the gray area
of research in critical care.> COVID-19 disease presentation is erratic
and challenges the clinician with unique respiratory failure.* At the
onset of the disease, there is apparently normal lung mechanics
and no clinical clue of derangement in airway resistance or dead
space ventilation. Various factors like impaired lung diffusion
especially due to the formation of intravascular microthrombi
lead to an array of changes in gas exchange leading to a decrease
in the partial pressure of oxygen in the blood.> Hence an unusual
feature of COVID-19 pneumonitis is severe hypoxemia with normal
lung mechanics.® This unique pathophysiology of the disease thus
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tricks the respiratory center that fails to sense hypoxia-related
dyspnea. Usually, there is a gross mismatch between the extent
of arterial hypoxemia and signs of respiratory distress in these
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patients.””'° Thus the term “happy hypoxemia” (severe hypoxia
without dyspnea) came to existence in the presentation of such
pneumonia during the COVID-19 pandemic.

In contrast to Berlin criteria of acute respiratory distress
syndrome (ARDS), the onset of COVID-19-associated ARDS (CARDS)
is reported as 8-12 days. CARDS is clinically classified as mild,
mild-moderate, and moderate-severe."" The mainstay of CARDS
management in the early stages of presentation is the trial of high-
flow nasal oxygen (HFNO) and noninvasive ventilation (NIV)."? The
dilemma of the timing of intubation and mechanical ventilation
is solved by clinician judgment globally in the pandemic. Patients
with high respiratory drive on NIV are at the risk of self-inflicted lung
injury (SILI). The pros of early intubation and invasive ventilation
focus on the prevention of the same. On the contrary, the perils of
invasive ventilation like ventilator-induced lung injury, ventilator-
associated pneumonia and ventilator-induced diaphragmatic
dysfunction are well known. These factors enforce extended trials
of alternate means of oxygenation/ventilation and also delay
intubation.”®'* The effect of timing of intubation on the outcome
of CARDS is not well understood.”® There is paucity of data and no
clear consensus or guidelines regarding timing of intubation and
when to switch from NIV to invasive mechanical ventilation. When to
intubate remains a topic of research in COVID-19. This retrospective
observational study in CARDS patients was conducted to observe
the appropriate timing of intubation from intensive care unit (ICU)
admission. Our primary hypothesis was that delay in intubation
for more than 48 hours since ICU admission may be associated
with worse outcomes of mortality. Additionally, we also observed
the effect of time from ICU admission to intubation on secondary
clinical outcomes such as length of stay and duration of mechanical
ventilation.

MATERIALS AND METHODS

This single-center retrospective observational study was performed
in 28-bedded COVID-19 critical care unit of a tertiary care hospital
in Pune, Maharashtra, India. The study included all adult patients
(>18 years) with CARDS admitted from April 1, 2020, to October 15,
2020.Sample size for the study was not prespecified. Prior intubation
at OHC (outside hospital) before shifting and/or written/informed
consent for palliative care—such patients were excluded from the
study. All decisions about clinical care were made by the COVID-19
treating team in coordination with the Director in Charge intensivist.

Data Collection

Patient data were obtained retrospectively from patient files,
nursing charts, and treatment sheets which were accessible as
hard copy records or digital archives. Data that were collected
included—patients’ age, gender, comorbid conditions, Quick
sofa score (qSOFA) score at admission, acute physiology and
chronic health evaluation Il (APACHE II) score within 24 hours of
admission, intubation day from date and time of ICU admission.
Similarly, additional laboratory parameters of interest—WBC count,
lymphocyte count, D-dimer level, interleukin 6 (IL-6), serum ferritin
level, and PaO,/FiO, ratio were also obtained.

Study Exposure and Outcome

The exposure time from critical care unitadmission to endotracheal
intubation was categorized as “early” (<48 hours) and “delayed”
(>48 hours). The primary outcome was in-hospital mortality after
onset of invasive ventilation. Secondary outcome was to observe
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duration of mechanical ventilation, length of stay. The other
parameters observed were secondary infections (culture positive),
acute kidney injuries (AKls), and intervention (e.g., tracheostomy).

Statistical Analyses

All the data was entered into a Microsoft Excel spreadsheet and
analyzed. An online statistics calculator was used to analyze the
data.'® Values were presented as median [interquartile range (IQR)]
or percentages (%) for descriptive data. Categorical and continuous
variables were analyzed using Chi-square tests and Kruskal-Wallis
test, respectively, for inter-group comparison.

Ethics

Institutional Ethics Committee approval was obtained prior to the
study.

REesuLTs

Study population

Atotal of 2,230 COVID-19 (RT-PCR)-positive patients were admitted
between April 1, 2020, and October 15, 2020, to the hospital.
Amongst these, 525 patients (23.5%) required critical care. A total
of 162 patients of the 525 critical patients, were intubated and
mechanically ventilated (Flowchart 1).

Patients who consented for palliative care (n = 7) and those
intubated prior to transfer from other hospital (n = 8) were excluded
from the study population (total n = 15). Total 147 patients (28%)
who intubated and ventilated during ICU stay after admission to
hospital were included in the study cohort. It was observed that
75 patients (51%) were intubated within 48 hours of admission
(early group) and 72 (48.9%) were intubated after 48 hours after
ICU admission (delayed group).

The comorbidities demographics of 147 patients categorized by
time of ICU admission to intubation are shown in Table 1. The median
age of the total study population was 59 years (IQR, 51-68 years)
and 74.1% were male. Diabetes (44.9%) and hypertension (43.5%)
were most common comorbidities in the study population
followed by chronic kidney disease (CKD) (5.4%), ischemic heart

Flowchart 1: Flow diagram of study participants. COVID-19, coronavirus
disease 2019; NIV, noninvasive ventilation; HFNO, high flow nasal oxygen
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Table 1: Demographics and comorbidities of mechanically ventilated patients by time from ICU admission to intubation

Time from ICU admission to intubation

Patient characteristics Total (n=147) <48 hrs (n=75) >48 hrs (n=72) o
Age (year) 59 (51-68) 58 (50-69) 59 (52-67) 0.9
Male 109 (74.1) 56 (74.6) 53(73.6) 0.8
Comorbidities

Diabetes mellitus 66 (44.9) 35 (46.6) 31(43.1) 0.6
Hypertension 64 (43.5) 35 (46.6) 29 (40.3) 0.4
CKD 08 (5.4) 5(6.6) 3(4.2) 0.5
IHD 9(12.9) 9(12) 10 (13.9) 0.7
COPD 01 (0.6) 1(1.3) 0(0)

Obesity 03(2.0) 1(1.3) 2(2.8) 0.5
Others 35(23.8) 20 (26.7) 15 (20.8) 04

PP values represent y? test or Fisher exact test for differences in proportions for categorical variables and Kruskal-Wallis test for differences in medians for
continuous variables; values are expressed as median (interquartile range) or n (%)

Table 2: Clinical scoring and laboratory characteristics of mechanically ventilated patients by time from ICU admission to intubation

Time from ICU admission to intubation

Clinical scoring Total (n=147) <48hrs (n=75) >48 hrs (n=72) o
APACHEII 11(8-14) 12 (9-15) 10 (8-13) 0.03
gqSOFA 1(1-2) 1(1-2) 1(1-2) 0.7
Laboratory characteristics

WBC (x10%/mm?) 123(8 6-17.3) 108(7 9-17.3) 134(96 17.1) 0.2
Absolute lymphocyte count (x10%/mm?) .8 (0.4-1.0) .6(0.4-1.0) .9 (0.6-1.2) 0.003
Serum ferritin (ng/mL) (17-464) 568.0 (249-1080) 570.8 (290.49-1029.5) 523.3(197.7-1356.2) 0.5
D-dimer (ng/mL) (<240) 582 (300-2094) 560 (300-1410) 597.5 (297-2584.25) 0.9
IL-6 (pg/mL) (<6.4) 100.6 (28.8-264.1) 75.0 (23.9-214.8) 152.4 (30.2-291.1) 0.1
Pa0,/FiO, ratio at intubation 71.8 (57.6-89.6) 74.7 (60.0-104.7) 70.7 (57.3-82.4) 0.2
HRCT score 3(10-16) 4(11-17) 0(6-16) 0.2
AKI 29(19.7) 6(21.3) 3(18) 0.6
Secondary infection 26 (17.6) 0(13.3) 6(22.2) 0.1
Tracheostomies 30(20.4) 12(16) 18 (25) 0.1

AKI, acute kidney injury; P° values represent y? test or Fisher exact test for differences in proportions for categorical variables and Kruskal-Wallis test for
differences in medians for continuous variables; Values are expressed as median (interquartile range) or n (%)

disease (IHD) (12.9%), COPD (0.6%), and obesity (2%). Comorbidities
like hypothyroidism, chronic medical conditions autoimmune
disorders, parkinsonism, old stroke, known malignancy ca rectum,
lung cancer, chronic liver disease, and old medical condition with
immunocompromised states were included in a separate group as
others which comprised 23.8% of the study population.

Clinical scoring and laboratory characteristics of 147 patients
were classified according to early (<48 hours) and delayed intubation
(48 hours) from time of ICU admission, which is shown in Table 2.
The median APACHE Il score of the study recorded within 24 hours
of critical care unit admission was 11 (IQR, 8-14). When the two
groups were compared with regard to the median APACHE Il score;
it was significantly higher (p <0.03) in the early group as compared
to that of the late group. The median qSOFA score assessed on
admission to critical care unit was 1 (IQR, 1-2) and was comparable
in both the groups. Apart from the median absolute lymphocyte
count (0.8 x 103/mm3) (IQR, 0.4-1.0) that was significantly low
(p <0.03) (0.6 x 103/mm?) in those intubated within 48 hours of
admission; all other laboratory parameters viz. median WBC count
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12.3 x 10°’mm? (IQR, 8.6-17.3), median serum ferritin 568 ng/mL
(IQR, 249-1080), median D-dimer 582 ng/mL (IQR, 300-2094) and
median IL-6 100.6 pg/mL (IQR, 28.8-264.1) were similar in the two
groups and differences if at all were not statistically significant. The
median PaO,/FiO, ratio of the study group was 71.8 (IQR, 57.6-89.6)
and on further analysis, 16.3% of study patient (24/147) had PaO,/
FiO, ratio from 101 to 200 whereas 83.6% of patients (123/147) had
aPaO,/FiO, ratio of less than or equal to 100. The median PaO,/FiO,
ratio did not significantly differ in the study groups (p = 0.2). The
total study population had a median HRCT score 13 (IQR, 10-16);
this was similar in both early and late groups (p = 0.2). Secondary
infection was 13.3% in early vs 22.2% in late groups (p = 0.6). AKI/
renal failure was 21.3% in early group vs 18% in late group (p = 0.1).
Number of patients who underwent tracheostomies were 16% in
early group vs 25% in late group (p = 0.1). So, the differences in
secondary infection, AKI, and intervention tracheostomies were not
statistically significant between those intubated within 48 hours
(early group) and those intubated after 48 hours of ICU admission
(late group), respectively.
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Table 3: Hospital mortality, duration of ventilation, and ICU length of stay by time from ICU admission to intubation in a tertiary care center, India

Outcomes Total (n=147)

Time from ICU admission to intubation PP
<48 hrs (n=75) >48hrs(n=72)

Primary outcome

Deceased, n (%) 101 (68.7)
Secondary outcome

Duration of ventilation (days), median (IQR) 7 (3.5-12)
ICU length of stay (days), median (IQR) 15 (9-21)

45 (60) 56 (77.7) 0.02
7 (4-12) 6(2-12) 0.2
14 (9.7-21) 16 (7-21.7) 0.9

IQR, interquartile range; PP values represent (Chi-square) y? tests for differences in proportions for categorical variables and Kruskal-Wallis test for differ-

ences in medians for continuous variables.

The analysis of 147 patients intubated and mechanically
ventilated was done to note the in-hospital mortality. The observed
in-hospital mortality was 68.7% (101 patients of 147) (Table 3). The
median time to death after intubation was 6 days (IQR, 2-13 days).
Mortality was 60% in those intubated within 48 hours of critical
care unit admission (early group) compared to 77.7% in those of
delayed group and the difference was found to be statistically
significant (p = 0.02).

As regards to secondary outcome measures; median duration
of ventilation was 7 days (IQR, 3.5-12) and median length of stay
was 15 days (IQR, 9-21 days). These were similar in both the early
and late groups, respectively.

Discussion

COVID-19 presents with unique respiratory failure. The extremes of
clinical presentation of COVID-19 vary from asymptomatic infection
to severe respiratory distress presents a clinical challenge. Different
rates of mechanical ventilation have been reported in publications
of COVID-19 across the world."” In the present study, 23.5% of
hospitalized patients required critical care of which 30.8% of them
needed invasive mechanical ventilation. In a large epidemiological
study from China, out of 344 intensive care patients, 100 of them
(29.1%) required invasive mechanical ventilation, so they reported
a rate of requirement of invasive ventilation which is similar to the
onereported in our study.'® Demographic parameters that attribute
to adverse outcomes in COVID-19 patients are increasing age and
male sex. This trend was also observed in the present study.'*='

Diabetes (44%) and hypertension (43.5%) were the most
commonly reported comorbidities in this study population
of CARDS. Therefore, in this study population, comorbid
characteristics were not different from the one reported globally as
various previous studies also reported diabetes and hypertension
as most common comorbidities and its’ association with patients
requiring intubation in CARDS.?'-23

Clinical scoring systems i.e., APACHE Il and qSOFA scores have
been evaluated in studies for the severity of illness in COVID-19. Such
studies have concluded that qSOFA score had moderate sensitivity
and low specificity in COVID-19 patients.2* APACHE Il is one of the
important predictive factors of mortality in ICU and high scores are
associated with nonsurvivors.?> The present study population had
a median APACHE Il score of 11.

The median values of laboratory parameters viz. WBC count,
serum ferritin, D-dimer, and IL-6 although were comparable in
the two study groups yet as mentioned in the previous published
COVID-19 literature were well above the normal values.?®
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An interesting observation in this study was that patients
intubated early within 48 hours of critical care admission were
consistent with lower absolute lymphocyte count along with higher
APACHE Il score. Baseline lymphopenia in critical COVID-19 patients
has been reported in previous studies globally.?5-28 These findings
highlight that APACHE Il score and lymphopenia are linked with a
greater risk of severe COVID-19 as well as risk factors for in-hospital
death. One retrospective study from China reported that the
survivor probability of COVID-19 patients was better in patients
with APACHE Il score less than 17.2°

AKI among critical COVID-19 patients serves as a negative
prognostic factor for survival.?"3° Experience in Europe and the
USA with critical COVID-19 patients reported that approximately
20-40% of them had AKI; which is similar to that observed in our
study where 19.73% of total patients developed renal failure.®!

This factor to a certain extent may explain the high mortality
in our COVID-19 study population.

The perils of long-time invasive mechanical ventilation like
ventilator and hospital-acquired infections are not an exclusion for
COVID-19 patients.>2 However, although important, many clinicians
are evasive about tracheotomy in COVID-19 patients due to various
risks involved during and even after the procedure.*

It was observed in this study that a total of 20.41% patients
underwent tracheostomies of which fewer belonged to the early
intubation group as compared to the delayed group; however, no
statistical difference was noted. In a meta-analysis, coinfections in
ICU patients have been reported at 14%.3

We observed an overall 17.69% coinfection in this study, where
the early intubation group had less patients in comparison to that of
the late intubation group, and again, this difference was not statically
significant. Therefore, it was observed that tracheotomy patients
had a higher probability of secondary bacterial infection which may
be one of the adverse events related to the procedure. To establish a
robust association and arrive at a valid conclusion, one may require
a well-planned study in such patients and delve into other factors
as secondary bacterial infection is influenced by an array of factors
like prolonged length of stay, intravascular devices, procedures like
continuous renal replacement therapy (CRRT), etc.3>3¢

The positive outcome scenario of mechanically ventilated
COVID-19 patients is bleak. Mortality rates ranging from 17 to 62%
in such patients were reported globally in small studies.>’

In a New York based study, Richardson et al. reported that
the mortality rate was 76.4% in the age-group 18-65 years and
97.2% of more than 65 years amongst those required mechanical
ventilation.? In the present study, we found the overall mortality to
be 68.7% in patients who received invasive mechanical ventilation.
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Severity of illness and prognosis is related to PaO,/FiO, ratio—a
ratio of 52.0-74.1 was observed in nonsurvivors.?®

A proportion of 83.6% of patients had a PaO,/FiO, ratio of
less than or equal to 100 in our study population. In addition,
our analysis revealed those patients intubated ventilated within
48 hours of critical care unit admission showed reduced mortality
(60%) as compared to those in the delayed group (77%) admission
(p = 0.02). These observations are in agreement with the large
multihospital, retrospective cohort study of New York City, which
concluded thatamong mechanically ventilated COVID-19 patients,
early intubation after hospital admission was associated with
favorable patient outcomes; whereas each day delay in intubation
increased the risk of mortality.3® Clinical decision and timing
regarding switching from NIV or high-flow oxygen therapy to
invasive mechanical ventilation is variable and multifactorial, hence
itsimpact on outcome is debatable. Therefore, Alfonso et al. failed
to observe association between time to intubation and mortality.>°
In the study by Alfonso et al., 20.5% were COVID-19 patients with
PaO,/FiO, ratio less than 100, whereas our study cohort included
83.6% of severe patients with PaO,/FiO, ratio less than 100 at time
of intubation. The present study clearly defines only two groups
with association of time i.e., intubation in less than 48 hours and
that after 48 hours which is different than the study by Alfonso et
al. who defined study groups of less than 8 hours, 8 to 24 hours and
greater than 24 hours. Another interesting observation is that the
Alfonso et al. study cohort contained 44.6% female participants, in
contrast to 26% in the present study group.*

Kangelaris et al. in their prospective observational study had
included non-COVID-19 ARDS patients. Greater mortality was
observed by the authors in patients, in whom initial intubation was
delayed despite of meeting ARDS criteria.*’

In our study, we identified that increased mortality in
delayed intubation group was not explained by demographics,
comorbidities, and severity of illness measured in 24 hours of
ICU admission (APACHE Il scoring). In contrast, patient with early
intubation had high APACHE Il score, and this finding was similar
to study by Kangelaris et al., which reported higher average
APACHE ll score in early intubation group of critically ill non-CARDS
patients.*® We infer that timing of intubation could play a key role
in overall outcomes and a further large prospective cohort study
is deemed necessary to confirm increased mortality observed in
late intubation group.

Our analysis also showed that other secondary outcomes like
length of stay in critical care units and duration of mechanical
ventilation did not show statistically significant differences among
the two groups.

In this study, it was observed that high APACHE Il score and
lower absolute lymphocyte count in the early group was subtly
associated with a switch from noninvasive to invasive ventilation,
though authors refrain from claiming so due to lack of substantial
evidence. Decision for intubation is complex and multifactorial
which is usually individualized depending on the clinical condition.
Certain unmatched confounders affecting such intubation-related
decisions in the study population may not have been accounted for
in this study. In the setting of the pandemic, though lung-protective
ventilation protocol was followed in all cases, data collection and
analysis of the effect of SILI and individual ventilation parameters,
tidal volume, compliance, peep, were not done. Further well-
planned multicentric prospective trials are required in severe CARDS
patients to eventually test the hypothesis that early intubation in
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high-risk groups improves outcomes and to address the possibilities
of unmeasured confounders.

CONCLUSION

Timing of intubation is a carefully calculated decision taken by
a clinician in COVID-19 settings due to its complex presentation
and equally varied individual patient response to oxygen therapy.
Evidence regarding when to switch from NIV to invasive therapy
is limited in absence of lack of clear guidelines in severe CARDS
patients. In this study, higher mortality was observed with the
delay in intubation. Therefore delaying intubation for severe CARDS
patients should be considered with great caution. Thereisa need to
relook new predictor for intubation like APACHE Il scores in COVID-
19 setting. Well-designed robust studies may provide insights into
predictors of improved survival in the coming probable upsurge of
pandemic. In this retrospective study, we observed that the timing
ofintubation may be associated with survival. Our analysis supports
that clinicians caring for patients with severe CARDS should not
unnecessarily delay intubation.
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