Letter to the Editor

Critical Care
Explorations

Timing of Intubation and Its Implications
on Outcomes in Critically lll Patients With
Coronavirus Disease 2019 Infection

Abstract: In critically ill patients with coronavirus disease 2019, there
has been considerable debate about when to intubate patients with
acute respiratory failure. Early expert recommendations supported
early intubation. However, as we learned more about this disease,
the risks versus benefits of early intubation are less clear. We report
our findings from an observational study aimed to compare the dif-
ference in outcomes of critically ill patients with coronavirus disease
2019 who were intubated early versus later in the disease course.
Early need for intubation was defined as intubation either at admis-
sion or within 2 days of having a documented Fio, greater than or
equal to 0.5. In the final sample of 111 patients, 76 (68%) required
early intubation. The mean age among those who received early
intubation was significantly higher (69.79 = 12.15 vs 65.03 * 8.37
years; p = 0.038). Also, the patients who required early intubation
had significantly higher Sequential Organ Failure Assessment scores
at admission (6.51 vs 3.48; p < 0.0001). The outcomes were equivo-
cal among both groups. In conclusion, we suggest that the timing of
intubation has no impact on clinical outcomes among patients with
coronavirus disease 2019 pneumonia.

To the Editor:

atients with coronavirus disease 2019 (COVID-19) vary
P from being asymptomatic to experiencing life-threatening

critical illness. The basic pathophysiology of severe viral
pneumonia is hypoxic respiratory failure secondary to severe acute
respiratory distress syndrome (ARDS) (1). Most patients admit-
ted to the ICU end up requiring mechanical ventilation (2, 3).
In patients with ARDS, delays in intubation have been associated
with higher mortality (4, 5). However, in patients with COVID-
19, there has been considerable debate on how to optimize man-
agement of acute respiratory failure/ ARDS.

Unique to COVID-19, many patients present with significant
hypoxia, but only few other signs typically seen in patients with respi-
ratory failure. Although these patients seem quite stable at first, respi-
ratory decompensation occurs frequently. When this does occur, the
trajectory is typically quite rapid, making the process of intubation
a perilous affair. As a response, several experts from China, Europe,
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and the United States supported a strategy of intubating patients early
under the premise that early intubation allowed for more controlled
circumstances and would provide superior lung protection for the
patient compared with spontaneous breathing (6, 7). These recom-
mendations led to a rapid rise in ventilator utilization, at one point
threatening to overwhelm available mechanical ventilator resources
worldwide (8). However, recognition that intubation and mechani-
cal ventilation have inherent risks (ventilator-associated pneumonia,
airway injury, ventilator-associated lung injury, and hemodynamic
disturbances caused by positive pressure ventilation) has led to a
state of relative equipoise about whether the early intubation strat-
egy is indeed better for patients. This has led some experts to rec-
ommend abandoning the early intubation strategy (7). Despite these
recommendations, the optimal threshold regarding when to intubate
patients with COVID-19 pneumonia remains unclear.

We did a retrospective analysis at our institution, aiming to evalu-
ate the association between timing of intubation and outcomes among
critically ill patients with COVID-19. A total of 128 ICU patients who
tested positive via polymerase chain reaction for COVID-19 were
evaluated in our hospital from period of March 15 to May 30, 2020.
Eight patients were excluded as they were transferred to an outside
hospital or still admitted at the time of data analysis. Patients who did
not require intubation were also excluded. In the final sample of 111
patients, 76 (68%) were intubated early in the disease course. Early need
for intubation was defined as intubation either at admission or less than
2 days since the onset of increased oxygen requirements—that is the
time since the patients require more than 50% of Fio,, that is greater
than 10L nasal cannula or nonrebreather masks or high-flow nasal
cannula (HFNC—device capable of delivering up to 100% heated and
humidified oxygen at a flow rate of 30-60L/min) or noninvasive posi-
tive pressure ventilation. All intubations greater than or equal to 2 days
following the onset of increased oxygen requirements were considered
late intubations. This study was approved by the institutional review
board at Albert Einstein Medical Center, Philadelphia (IRB-2020-458).

There were no fixed protocols or predefined criterion for intu-
bation. The decision to intubate was left to the discretion of the
attending intensivist who responded in accordance with patients’
individual needs and clinical status. Most of the clinicians prac-
ticed early intubation strategy during the beginning of the pan-
demic. However, as more data emerged and recommendations
changed (7), clinicians were more comfortable with monitoring
patients on noninvasive modes of oxygenation (such as HFNC or
noninvasive positive pressure ventilation). The clinician’s judg-
ment to initiate mechanical ventilation was influenced by multi-
tude of factors including oxygen saturation, respiratory rate, work
of breathing, mental status, and hemodynamics.

The mean age (+ sp) of the sample population was 68 + 11.28 years.
Forty-six percent were female, and 65% were African American.
Common chronic comorbidities included hypertension (87%), diabe-
tes mellitus (57%), and chronic obstructive pulmonary disease (14%).
Demographic and clinical characteristics are provided in Table 1.
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TABLE 1. Demographics, Clinical Characteristics, and Outcomes of Critically Il Patients With
Coronavirus Disease 2019

Early Late
Characteristics (n =176) (n =35) P
Age, mean =+ sp 69.79 £ 12.15 65.03 + 8.37 0.038
Female gender, n (%) 34 (45) 17 (49) 0.838
Ethnicity, n (%) 0.885
African American 48 (63) 24 (69)
Caucasian 4 (5) 2 (6)
Hispanic 9(12) 4(11)
Other 13(17) 5(14)
Unknown 2(3) 0(0)
Comorbidities n (%)
Body mass index, mean % sp 30.27 £ 8.07 3217 £ 781 0.247
Chronic obstructive pulmonary disease 10(13) 6(17) 0673
Asthma 5 (7) 4(11) 0.459
Obstructive sleep apnea 10 (13) 3(9) 0.752
Heart failure 15 (20) 9 (26) 0.469
Atrial fibrillation 12 (16) 2 (6) 0.218
Liver cirrhosis 2(3) 3(9) 0.323
Diabetes 45 (59) 18 (61) 0.637
Chronic kidney disease 14 (18) 7 (20) 1.000
End stage renal disease on dialysis 8(11) 2 (6) 0.500
HIV 1(1) 0(0) 1.000
Coronary artery disease 18 (24) 10 (29) 0.641
Hypertension 66 (87) 31(89) 1.000
Laboratory/variables at admission
Fi0,% on intubation, mean & sp 90.30 £ 18.08 9794 £ 591 0.001
Pao,:Fio, ratio O hr intubation, median (IQR) 106 (63-169) 111 (60-178) 0.644
Serum ferritin, median (IQR) 1,262 (660-2,829) 8924 (468-1,483) 0.070
Peak ferritin, median (IOR) 2,312 (840-5,240) 1,981 (807-4,633) 0.850
p-dimer, median (IQR) 2,805 (1,418-5,970) 2,560 (1,160-4,130) 0.333
Peak p-dimer, median (IOR) 5,990 (2,945-18,998) 7590 (7590-15,235) 0524
CRP, median (IOR) 180 (102-255) 133 (81-236) 0.320
Peak CRP, median (IQR) 218 (155-305) 227 (165-301) 0.962
Procalcitonin, median (IQR) 0.62 (0.22-2.48) 0.35(0.11-1.01) 0.088
Peak procalcitonin, median (IQR) 1.52 (0.36-10.64) 0.65 (0.17-9.59) 0.139
LDH, median (IOR) 505 (363-656) 456 (394-586) 0.688
Peak LDH, median (IOR) 662 (522-1,046) 720 (5655-857) 0.933
(Continued)
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TABLE 1. (Continued). Demographics, Clinical Characteristics, and Outcomes of Critically Il

Patients With Coronavirus Disease 2019

Characteristics

Coronavirus disease 2019 treatment, n (%)
Hydroxychloroquine
Steroids
Tocilizumab
Remdesivir
Proning
Paralytics
Clinical outcomes
Days prior intubation median (IQR)

Days on high flow/non-invasive ventilation/elevated
O, requirements prior to intubation, median (IOR)

SOFA at admission, mean * sp

SOFA ICU admission, mean % sb

Inpatient death, n (%)

Need for continuous renal replacement therapy/hemodialysis, n (%)
Reintubation, n (%)

Days on ventilator, mean % sb

ICU length of stay, mean % sp

Hospital length of stay, mean * sp

49 (65) 27 (77) 0.197
56 (74) 25 (71) 0.821
23 (30) 11(31) 1.000
11 (15) 5(14) 1.000
23 (30) 15 (44) 0.194
28 (37) 16 (47) 0.437
1(0-2) 4.5 (3-7) < 0.0001
0.38 (0-1) 3(2.5-5.0) < 0.0001
651 +348 3.74 £ 2.41 < 0.0001
8.15 £ 3.29 6.29 £ 2.80 0.005
54 (71) 20 (67) 0.194
23 (30) 7 (20) 0.358
6 (10) 4(15) 0.488
10.41 £ 753 8.00 + 7.82 0.125
10.76 = 7569 8.19 £ 753 0.103
13.98 + 8.71 16.15 £ 8.11 0.509

CRP = C-reactive protein, IQR = interquartile range, LDH = lactate dehydrogenase, SOFA = Sequential Organ Failure Assessment.

The mean age among those who required early intubation was
significantly higher compared with those who underwent late intu-
bation (69.79 + 12.15 vs 65.03 + 8.37 yr; p = 0.038). There were no
other significant demographic differences between the two groups.
Inflammatory markers such as serum ferritin, p-dimer, CRP, pro-
calcitonin, and LDH were similar between the two groups. There
was no difference in the Pao,:F10, ratio between groups at the time
of intubation. There were no significant differences in COVID-19
specific treatments such as hydroxychloroquine, steroids, tocili-
zumab, or, remdesivir between groups. The rates of early intu-
bations remained high throughout the study period with a slow
decline in the end. An opposite trend was observed in number of
late intubations (Fig. 1). This was in accordance with the change
in intubation practices as described above.

Prior studies have shown that age is an important predictor of
mortality (5, 6). Under these circumstances, it would seem plau-
sible that mortality might be higher in those who were intubated
early. Although there was a trend toward increased mortality (71%
vs 57%; p = 0.194) and increased days on a ventilator (10.41 + 7.53
vs 8.00 = 7.82; p = 0.125) among patients who required early intu-
bation compared with those who underwent late intubation, this
was not statistically significant.

The trajectory of decline in clinical status was rather rapid
among patients requiring early intubation. This was evident from
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the fact that the median days to intubation were significantly
lower in patients who were intubated early compared with those
intubated late (1 vs 4.5 d; p < 0.001). Time that the patients spent
on more than 50% of F1o, (> 10L nasal cannula or nonrebreather
masks or HENC or noninvasive positive pressure ventilation) was
also significantly lower among patients requiring early intubation
(0.38d vs 3 d; p <0.001).

With respect to respiratory mechanics, there was a significantly
higher mean compliance in patients who required early intubation

80%

70% 69%
70% 62%
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20%
10%
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Figure 1. Trend of early and late intubations during each month of the study
period.
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one phenotype versus another is not
well studied. Both groups in our cohort
were noted to have similar Pao,:F1o,
ratio suggesting that the extent of lung
injury was similar between groups
independent of whether lung compli-
ance or plateau pressure was similar.
In this case, the absence of an outcome
difference between groups in this set-
ting at worst supports that delaying
intubation was not harmful to patients
when compared with early intubation.

Sequential Organ Failure Assessment
(SOFA) score has been associated with
higher mortality among patients admit-
ted to the ICU (10). In our study, the
patients who required early intubation
had a significantly higher SOFA score
on hospital admission and ICU admis-
sion when compared with the late intu-
bation group (6.51 vs 3.48; p < 0.0001)
and (8.15vs 6.29 p = 0.005), respectively.
However, no difference in mortality was
noted among the two groups.

We acknowledge that there are sev-
eral limitations to our study. First, this
study is a single-center observational
study with a relatively small cohort of
patients. The decision to intubate was
left to the discretion of the ICU team,
and we did not have a predefined cri-
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terion for intubation specifically for
patients with COVID-19 pneumonia.
Nonetheless, the analysis provides an
early, pragmatic evaluation of outcomes
associated with COVID-19-associated
respiratory failure and intubation tim-
ing. The factors highlighted in our
study will provide some guidance for
future prospective study planning.

72hrs

Figure 2. Mean static compliance and plateau pressures after 0, 24, 48, and 72 hr of intubation.

atthe 24- and 48-hour time periods (32 vs 27mL/cm H,O; p=0.016)
and (33 vs 25mL/cm H,0O; p < 0.0001),respectively (Fig. 2). There
was also a significantly lower plateau pressure at less than 24-hour
time period among patients undergoing early intubation (25 vs
27cm H,O; p = 0.024) (Fig. 2). The respiratory compliance noted
in both the groups was comparable with those reported in earlier
cohorts (2,9, 10). This variability in respiratory mechanics suggests
a significant heterogeneity in the disease process as described ear-
lier by Gattinoni et al (11), although the lung compliance in their
group was much higher (9). They categorized the patients with
COVID-19 pneumonia in two different phenotypes—phenotype L
characterized by low elastance (high compliance) and phenotype H
characterized by high elastance (low compliance). Although both
phenotypes have been observed, the clinical significance of having
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In conclusion, we suggest that the
timing of intubation does not seem
to be significantly associated with poor clinical outcomes in criti-
cally ill patients with COVID-19. The timing of intubation seems
to be driven mainly by disease severity and rate of progression.
Hence, trial of noninvasive strategies of oxygenation in an attempt
to avoiding intubation might not be harmful. However, larger pro-
spective studies are needed to fully elucidate these effects (Table 2,
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