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BACKGROUND: The efficacy of noninvasive oxygenation strategies (NIOS) in treating COVID-19
disease is unknown. We conducted a prospective observational study to assess the rate of NIOS failure
in subjects treated in the ICU for hypoxemic respiratory failure due to COVID-19. METHODS:
Patients receiving first-line treatment NIOS for hypoxemic respiratory failure due to COVID-19 in
the ICU of a university hospital were included in this study; laboratory data were collected upon ar-
rival, and 28-d outcome was recorded. After propensity score matching based on Simplified Acute
Physiology (SAPS) II score, age, P,o,/ Fio, and Pyco, at arrival, the NIOS failure rate in subjects
with COVID-19 was compared to a previously published cohort who received NIOS during hypoxe-
mic respiratory failure due to other causes. RESULTS: A total of 85 subjects received first-line treat-
ment with NIOS. The most frequently used methods were helmet noninvasive ventilation and high-
flow nasal cannula; of these, 52 subjects (61%) required endotracheal intubation. Independent factors
associated with NIOS failure were SAPS II score (P = .009) and serum lactate dehydrogenase at
enrollment (P = .02); the combination of SAPS II score = 33 with serum lactate dehydrogenase =
405 units/L at ICU admission had 91% specificity in predicting the need for endotracheal intubation.
In the propensity-matched cohorts (54 pairs), subjects with COVID-19 showed higher risk of NIOS
failure than those with other causes of hypoxemic respiratory failure (59% vs 35%, P = .02), with
an adjusted hazard ratio of 2 (95% CI 1.1-3.6, P = .01). CONCLUSIONS: As compared to hypoxe-
mic respiratory failure due to other etiologies, subjects with COVID-19 who were treated with
NIOS in the ICU were burdened by a 2-fold higher risk of failure. Subjects with a SAPS II score =
33 and serum lactate dehydrogenase = 405 units/L represent the population with the greatest risk.
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Introduction

Although international guidelines have been unable to
provide recommendations on the use of noninvasive oxygen-
ation strategies (NIOS) for the early treatment of acute hypo-
xemic respiratory failure,'’> NIOS have been extensively
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used during the COVID-19 pandemic, both for resource lim-
itations and for clinicians’ confidence in this tool.*

Caution is required with the use of NIOS, including
high-flow nasal cannula, CPAP, and noninvasive venti-
lation (NIV), to treat hypoxemic respiratory failure.’
Maintaining spontaneous breathing in hypoxemic
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respiratory failure may show some benefits,*'? but it
carries the inherent risk of self-inflicted lung injury,'*"’
delayed intubation, and increased mortality.'®'® These

SEE THE RELATED EDITORIAL ON PAGE 878

considerations prompt careful selection of patients and
analysis of risk factors to limit the rate of treatment fail-
ure and delayed intubation.?**!

Variable NIOS failure rates have been reported during
other viral pandemics,”>° but few data elucidate the use of
NIOS in acute hypoxemic respiratory failure due to
COVID-19 in the ICU.*”*® We conducted a prospective,
observational study to describe the outcomes of critically ill
subjects with hypoxemia due to COVID-19 who received
first-line NIOS, to identify possible early predictors of
treatment failure, and to compare the rate of endotracheal
intubation of subjects with COVID-19 with that of histori-
cal matched-control subjects affected by other causes of
acute hypoxemic respiratory failure.

Methods
Study Design

This prospective, observational study was conducted at
Fondazione Policlinico Universitario A. Gemelli IRCCS in
Italy. Approval was granted by the local institutional
review board, and informed consent was obtained accord-
ing to committee recommendations.

All consecutive adult patients admitted to the ICU between
March 12 and April 20 due to hypoxemic respiratory failure
with confirmed microbiological diagnosis of COVID-19
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Current knowledge

Noninvasive oxygenation strategies are widely used
to treat acute hypoxemic respiratory failure due to
COVID-19 and other etiologies. While potentially
beneficial, these strategies carry the risk of delayed
intubation and patient self-induced lung injury, and
caution is required.

What this paper contributes to our knowledge

Subjects with COVID-19 who received noninvasive
oxygenation strategies in the ICU due to acute hypoxe-
mic respiratory failure had a 2-fold greater risk for en-
dotracheal intubation than that of subjects experiencing
hypoxemic respiratory failure of other origins. In
COVID-19 disease, a NIOS-induced improvement in
oxygenation was not able to anticipate treatment suc-
cess; however, higher SAPS II score and serum lactate
dehydrogenase were independently associated with
treatment failure.

(defined as positive real-time polymerase chain reaction for
viral RNA performed on an upper or lower respiratory tract
specimen) who received noninvasive oxygenation (ie, NIV or
high-flow nasal cannula) as first-line treatment for hypoxemic
respiratory failure were included in the analysis. Hypoxemic
respiratory failure was defined as acute-onset symptoms and
P.o,/ Fio, < 300 mm Hg during oxygen therapy via an air-
entrainment mask and bilateral pulmonary infiltrates on chest
radiography or computed tomography scan. Severe COPD,”
chronic respiratory diseases requiring oxygen therapy prior to
hospital admission, and do-not-intubate orders were the main
exclusion criteria.

Subjects received NIOS according to the choice of attend-
ing physicians: the devices available in our ICU were helmet
NIV, face mask NIV, and high-flow nasal cannula. The inter-
face for NIOS, the duration of treatments, as well as every
other clinical decision were made by the clinician in charge.

The following demographic, clinical, and laboratory data
were collected upon admission: age, gender, Simplified
Acute Physiologic Score (SAPS) II, underlying diseases, D-
dimer, blood urea nitrogen, total bilirubin, ferritin, C-reactive
protein, lactate dehydrogenase (LDH), and lymphocyte count.
Arterial blood gas analysis was performed upon arrival in the
ICU, 1 h and 6 h after start of NIOS, and then on a 24-h basis
up to ICU discharge. Duration of NIOS treatment, treatment
failure (ie, the need for endotracheal intubation) within 28 d,
and 28-d clinical outcome were prospectively collected.

Enrolled subjects with COVID-19 were compared to a
control group of subjects with hypoxemic respiratory fail-
ure and bilateral infiltrates from other etiologies, who had
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received NIOS in a previous observational study conducted
in the same clinical context with a similar approach.’® One-
to-one propensity score matching between subjects with
COVID-19 and the historical control subjects was per-
formed. Three investigators (DLG, SMM and MA) selected
a priori the variables for matching: P,o,/ F102 and P,co, at
enrollment, SAPS 1II score, and age. These represent widely
acknowledged factors associated with the need for endotra-
cheal intubation in subjects undergoing NIV for hypoxemic
respiratory failure.'®?°° Subjects with similar propensity
scores in the 2 groups were matched (1:1 match without
replacement), using a caliper of 0.15 standard deviation
of the logit of the propensity score. For matching, sub-
jects with COVID-19 who received high-flow nasal
cannula alone were excluded. This choice was driven
by the absence of subjects treated with high-flow nasal
cannula in the historical cohort.

End Points

The primary aim of this study was to describe the rate of
endotracheal intubation of hypoxemic patients receiving
NIOS in the ICU due to COVID-19. Secondary aims were
to identify early factors associated with the need for endo-
tracheal intubation and to report any differences in the out-
comes with the historical cohort.

Finally, we separated subjects with COVID-19 who
were intubated after NIOS into 2 groups according to the
median time from treatment start and failure, and com-
pared the 28-d clinical outcomes in these 2 cohorts. In
both the COVID-19 cohort and the historical cohort, the
decision to intubate and any other clinical decisions
were made by the clinician in charge, independent of
study procedures.

Statistical Analysis

At the time of the study design, systematic data on
NIOS in subjects with COVID-19 were lacking. Hence,
to provide a timely report, we decided to evaluate for
enrollment patients who were treated in our ICU up to
April 20, 2020.

Data were reported as median (interquartile range
[IQR]) or proportions, as appropriate. Student ¢ test,
Wilcoxon rank-sum test, Kruskal-Wallis test, chi-square test,
and Fisher test were used for univariate comparisons, as
appropriate. Additional analyses were performed to separate
survival analyses regarding the time to treatment failure and
time to death up to day 28 using the log-rank test; Kaplan-
Meier curves are displayed for most significant results. Cox
regression was used to investigate the relationship between
potential covariates and outcomes (ie, NIOS failure, 28-d mor-
tality). All variables with P = .05 in the univariate analysis
were included in the multivariate analyses. For all tests, a 2-
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Fig. 1. Flow chart. DNI = do not resuscitate order.

sided P = .05 was considered significant. Statistical analysis
was performed with SPSS 26.0 (IBM, Armonk, New York)
and MATLAB (MathWorks, Natick, Massachusetts).
Manuscript figures were prepared with GraphPad Prism (La
Jolla, California).

Results

Subject Characteristics

Up to April 20, 2020, 120 patients with COVID-19
were admitted to the dedicated ICU of our institution.
Eighty-five subjects received first-line treatment with
NIOS (Fig. 1) due to acute hypoxemic respiratory fail-
ure. Clinical characteristics of the subjects are displayed
in Table 1. The most-used interface was the helmet NIV,
followed by high-flow nasal cannula and face mask NIV
(Table 1). In subjects treated with NIV, median PEEP
was 10 cm H,O (IQR 7-12), and pressure support was
12 cm H,O (IQR 10-14). During high-flow nasal can-
nula, flows of 50-60 L/min were initially applied in all
treated subjects. NIOS was used for a median time of 66
h (IQR 21-109); the group that avoided endotracheal
intubation received NIOS for longer time (median time,
91 h (IQR 71-153) (Fig. 2, Table 1).
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Table 1.  Characteristics and Clinical Outcomes of Subjects Receiving NIOS
Overall NIOS Failure NIOS Success P
(N = 85) (n=52) (n=133)
Age,y 69 (59-77) 69 (62-77) 67 (52-76) .033
Male 68 (80) 44 (85) 24 (73) 27
Body mass index, kg/m? 26 (24-29) 27 (25-29) 26 (24-28) 22
SAPS 11 score 33 (24-41) 36 (30-44) 26 (22-33) <.001
Comorbidities
Ischemic heart disease 9 (10) 7 (13) 2 (6) 47
Diabetes 15 (18) 1121 4(12) 44
COPD 6 (7) 509) 1(3) 47
Hypertension 51 (60) 37 (71) 14 (42) .01
Cancer 9 (10) 7(13) 2 (6) 47
None 29 (34) 12 (23) 17 (51) .007
Biomarkers at admission
D dimer, ng/mL 2,049 (987-5,184) 2,164 (790-3,681) 1,620 (887-3,737) .20
Blood urea nitrogen, mg/dL 21 (17-35) 25 (16-35) 18 (15-24) .006
C-reactive protein, mg/L 149 (60-192) 156 (105-230) 73 (23-168) .01
Lymphocyte count, x 10°/L 0.78 (0.60-1.08) 0.78 (0.63-0.96) 0.75 (0.59-1.12) .99
Lactate dehydrogenase, units/L 405 (313-510) 438 (387-581) 375 (306-431) .01
Total bilirubin, mg/dL 0.6 (0.5-0.87) 0.6 (0.5-1.0) 0.7 (0.5-0.8) .55
Ferritin, ng/mL 1,470 (865-2,354) 1,598 (1,008-2,323) 884 (428-1,625) 11
P.0,/F\o, at admission, mm Hg 138 (106-191) 113 (99-179) 147 (120-207) .03
Pﬂoz/FIO; after 1 h of treatment 168 (140-225) 153 (134-197) 189 (152-286) .08
P.o, /FlOZ after 6 h of treatment 187 (139-228) 173 (130-213) 189 (160-283) .10
P.o, /FIO2 improvement = 5% from baseline after 1 h of treatment 29 (34) 20 (38) 9(27) .35
Hypoxemia severity at admission, Pyo, /Fyo,
Mild, 201-300 mm Hg 16 (19) 7(13) 9(27) 15
Moderate, 101-200 mm Hg 52 (61) 32 (62) 20 (61) > .99
Severe, = 100 mm Hg 17 (20) 13 (25) 4(12) 17
pH 7.45 (7.43-7.48) 7.45 (7.42-7.48) 7.45 (7.43-7.47) .61
P,co, at admission, mm Hg 32 (28-35) 30 (28-35) 32 (29-36) .83
Paco, after 1 h of treatment, mm Hg 32 (29-36) 32 (27-35) 32 (29-38) .67
P,co, after 6 h of treatment, mm Hg 33 (29-38) 34 (29-37) 29 (33-40) .20
Blood lactate, mg/dL 1.1 (.9-1.5) 1.1 (9-1.5) 1 (.9-1.45) .70
First-line interface
Helmet 42 (50) 27 (52) 15 (46) .82
Face mask 19 (22) 10 (19) 9(27) 43
High-flow nasal cannula 24 (28) 15 (29) 927 > .99
PEEP, cm H,O 10 (7-12) 10 (7-12) 10 (7-12) 95
Pressure support, cm H,O 12 (10-14) 12 (10-14) 9 (12-13) .90
Duration of treatment, h 66 (21-109) 42 (9-90) 92 (71-153) .01
ICU stay, d 9 (5-17.5) 14 (8-24) 54-7) <.001
Duration of invasive and noninvasive ventilation, h 125 (31-255) 209 (128-381) 22 (0-76) < .001
Mortality at 28 d 23 (27) 21 (40) 2 (6) < .001

Data are expressed as n (%) or median (interquartile range).
NIOS = noninvasive oxygenation strategies
SAPS 1II = Simplified Acute Physiologic Score IT

Treatment Failure

Fifty-two (61%) subjects required endotracheal intuba-
tion. All subjects were intubated due to the lack of improve-
ment in oxygenation and dyspnea, while no subject
developed hypercapnia during the NIOS. Upon arrival,
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P.o,/ Fo, was slightly lower in subjects who subsequently
needed intubation (Table 1). After 1 h of NIOS, however,
P.o,/ Fio, increased both in subjects who were afterwards
intubated and in those who were not (Fig. 3). P,co, was not
different between cohorts and did not change after 1 h of

treatment.
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Fig. 2. Subject management after enroliment. A: Subjects with noninvasive oxygenation success, and B: subjects who failed noninvasive oxy-
genation (ie, underwent endotracheal intubation). Each bar represents a single subject’s treatment received over time. NIV = noninvasive venti-

lation; HFNC = high-flow nasal cannula.

In the univariate analysis, subjects who required endotra-
cheal intubation were older (unadjusted odds ratio for age
1.04 [95% CI 1.01-1.08]), had higher SAPS II score (odds
ratio 1.10 [95% CI 1.04-1.16]), were more often affected
by hypertension (odds ratio 3.3 [95% CI 1.3-8.4]), had
higher blood urea nitrogen (odds ratio 1.073 [95% CI
1.024-1.123]), and serum LDH (odds ratio 1.005 [95% CI
1.001-1.009]).

In the Cox regression analysis, the independent fac-
tors associated with NIOS failure were SAPS II score
(adjusted hazard ratio per unit increase 1.039 [95% CI
1.018-1.061], P < .001) and serum LDH at arrival
(adjusted hazard ratio per unit increase 1.002 [95% CI
1.000-1.004], P = .01).

We dichotomized subjects according to the median
SAPS 1II score and LDH levels (median values of 33 and
405 units/L, respectively). The rate of endotracheal intuba-
tion was higher in subjects with SAPS II scores = 33 and
LDH = 405 units/L (88% [95% CI 74-99]; sensitivity and

RESPIRATORY CARE ® MAY 2021 VoL 66 No 5

specificity for endotracheal intubation were 43% and
91%, respectively, positive predictive value 88%, and neg-
ative predictive value 50%) and lower in subjects with
both SAPS II score < 33 and LDH < 405 units/L (32%
[95% CI 11-53], sensitivity and specificity for avoidance
of endotracheal intubation 45% and 85%, respectively,
positive predictive value 68%, and negative predictive
value 71%) (Fig. 4).

We stratified subjects according to the median duration of
treatment before endotracheal intubation and categorized
subjects as “early failure” versus “late failure” (ie, = 42 and
> 42 h, respectively). These groups did not show significant
differences in baseline characteristics, and had similar 28-d
mortality (42% vs 38%, P > .99) (see the supplementary
materials at http://www.rcjournal.com). The nonsignificant
difference in mortality between these 2 cohorts was con-
firmed after adjustment for age, SAPS II score, and
P,0, /Fjo, at enrollment, with a hazard ratio for the late/early
failure group of 1.3 (95% CI10.5-3.3) (P = .54).
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ure. P/F = Paoz/FIOZ! SAPS Il = Simplified Acute Physiology Score II.

Hypoxemic Respiratory Failure and COVID-19

Fifty-four subjects with COVID-19 were matched with
54 subjects with hypoxemic respiratory failure from other
causes. Demographics of these matched cohorts are detailed
in Table 2. Subjects with COVID-19 were mainly treated
with helmet NIV, whereas subjects with hypoxemic respira-
tory failure from other causes mainly underwent face mask
NIV with lower PEEP and higher pressure support. The intu-
bation rate was higher in subjects with COVID-19 (59% vs
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35%, P = .02). This difference remained significant after
adjustment for age, SAPS 1I score, and P,o,/ Fo, at study
inclusion, with a hazard ratio for subjects with COVID-19 of
2.0 (95% CI 1.1-3.6) (Fig. 5).

Discussion
The results of this study on the use of NIOS to treat sub-

jects with COVID-19 can be summarized as follows. First,
the use of NIOS as a first-line treatment of COVID-19
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Table 2.
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Receiving NIOS With or Without COVID-19

Characteristics and Clinical Outcomes of Subjects

disease was common in our ICU; 61% of the subjects
receiving NIOS required invasive mechanical ventila-
tion within 28 d from treatment start. Second, NIOS-

COVID-19  No COVID-19 . . .
(n = 54) (n = 54) P induced changes in P,o, /Fjq, after 1 h of treatment did
not predict treatment success. Third, SAPS II score and
S{gi’ y i? (32772) 22 (2?73) 5 serum LDH were the factors capable of anticipating the
e (76) 34 (63) : need of endotracheal intubation. Finally, compared with
SAPS II score 33 (22-43) 35 (30-38) 91 it tched historical cohort of subiect ith
P,0,/Fio, at admission, mm Hg 116 (96-153) 120 (102-163) .81 a propensity-matched historical conort of subjects wi
P.0,/Fro, after 1 h of treatment 152 (125-189) 154 (119-193) .97 acute hypoxemic respiratory failure from other causes,
Puco,, mm Heg 32 (29-36) 36 (32-39) 12 subjects with COVID-19 showed higher risk of NIOS
PEEP, cm H,0 10 (7-12) 7(5-8) < 001 failure.
Pressure support, cm H,O 12 (9-13) 14 (12-15) < .001 NIOS is commonly used for the treatment of acute hypo-
Duration of NIOS, h xemic respiratory failure, but its safety and efficacy are
Overall 63 (11-113) 32 (24-48) 005 debated.® The COVID-19 pandemic is imposing stress on
Intubated subjects 26 (4-68) 24 (20-46) 72 critical care resources, and the use of NIOS is common
Nonintubated subjects 96 (78-167)  63(11-113) <.001 in the most heterogeneous clinical settings.> However,
FgStl'h“e interface (69 a0 ool whether and to what extent patients with COVID-19
cimet (69) 20) = may benefit from NIOS is unknown. In some prelimi-
Face mask 17 (31) 43 (80) <.001 ts. high-fl ! la has b dt
Intubation rate at 28 d 32 (59) 19 (35) 02 fary reports, high-1low nasat cannuia has been used 1o
Length of ICU stay, d 8 (5-17) 12 (4-18) 67 Freat pgtlents Wlth C;OVID-I9, v&./hlle it seemed effective
Mortality at 28 d in subjects with mild hypoxemia (eg, P.0,/F;o, > 200
Overall 15 (28) 10 (19) 36 mm Hg), it had a high failure rate in subjects with more
Intubated subjects 140f32 (44) 90f19(47) > .99 severe hypoxemia.*'*? To our knowledge, this is the
Nonintubated subjects 1 of 22 (5) 1 of 35 (3) > .99 first study specifically designed to assess the rate and
S— predictors of NIOS failure in subjects with COVID-19
; ssed as n (% fan (i i . . . .
f,;g;f zzﬁirii;eiva::X(y;gn(;:;s:i:::le(;:rqum e ranee) treated in the ICU setting, and to determine whether any
SAPS II = Simplified Acute Physiologic Score II difference exists with acute hypoxemic respiratory fail-
ure from other causes.
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Fig. 5. After propensity score matching with a historical cohort, subjects with COVID-19 who were treated with noninvasive oxygenation strat-
egies had higher incidence of intubation than subjects affected by acute hypoxemic respiratory failure due to other causes. This difference
remained significant after adjustment for age, SAPS I, and P40, /F|o, at study inclusion, with a hazard ratio of 2.0 (95% CI 1.1-3.6) for subjects
with COVID-19. SAPS Il = Simplified Acute Physiology Score II.

RESPIRATORY CARE ® MAY 2021 VoL 66 No 5

711



NONINVASIVE OXYGENATION IN RESPIRATORY FAILURE DUE TO COVID-19

NIOS Failure Rate

We report a high rate of NIOS failure (61%); in acute
hypoxemic respiratory failure from other causes, NIOS
failure might detrimentally affect clinical outcomes by
delaying intubation and allowing self-inflicted lung
injury during treatment.'***-* While this has not been
yet demonstrated in patients with COVID-19, the high
failure rate observed in our cohort prompts the detection
of easy-to-use predictors that may anticipate the need for
endotracheal intubation in COVID-19 disease. In hypoxemic
respiratory failure from other causes, the lack of improve-
ment in P,o, /Fq, after 1 h of NIOS is associated with NIOS
failure.2***% Conversely, subjects with COVID-19 had
improved Py, /Fjo, values regardless of the subsequent
need for intubation. This may represent a disease-spe-
cific feature and is consistent with previous reports
showing a remarkable PEEP-induced improvement in
oxygenation during the early stages of COVID-19 respi-
ratory failure.>®*” In our results, 97% of subjects receiv-
ing invasive mechanical ventilation had improved
oxygenation with higher PEEP, regardless of recruit-
ability.*® These results warrant careful monitoring of
subjects with COVID-19 who are treated with NIOS,
given the inability to predict the outcome from the ini-
tial oxygenation response.

SAPS II score and serum LDH were the independent
factors associated to NIOS failure in subjects with
COVID-19. These parameters can be assessed easily in
most clinical scenarios. The SAPS II score incorporates
age, the degree of oxygenation impairment, organ dys-
function, and the most relevant comorbidities; this
result seems to align with data from subjects with acute
hypoxemic respiratory failure of other etiologies, in
whom a SAPS 1II score > 34 represents an independent
risk factor for treatment failure.?®*° Serum LDH is a
cytoplasmic enzyme harbored in all organ systems. Its
appearance in serum reflects cell damage. Although
highly sensitive, serum LDH is poorly specific of lung
injury.®* However, in the early stage of the disease,
patients with COVID-19 usually develop isolated lung
injury, which could increase the specificity of this
enzyme in stratifying the severity of lung injury in the
early stage of COVID-19 disease.

In our cohort, subjects with high SAPS II scores and
high serum LDH values showed a likelihood of intuba-
tion close to 90%, whereas subjects with low LDH and
low SAPS 1II scores were successfully treated with
NIOS in > 70% of cases. To avoid delaying intubation,
first-line NIOS treatment should be reserved solely for
patients with a high likelihood of treatment success;
from the perspective of our results, it appears wise to
suggest that first-line treatment with NIOS should be
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avoided in patients with high SAPS II scores and serum
LDH values.

Clinical Outcome

Subjects treated with NIOS had a 28% mortality at 28 d,
which is consistent with the available data about COVID-
19 mortality in ICU.* Mortality of subjects who needed en-
dotracheal intubation was 42%, while it was 6% in the
group for whom NIOS was successful.

After stratifying subjects who required endotracheal intu-
bation according to duration of NIOS treatment, we noted
similar mortality in subjects who were intubated earlier or
later, ie, the 2 groups were similar for comorbidities and hy-
poxemia severity. Subjects enrolled in our study were
treated with different NIOS methods, but mostly with high-
PEEP helmet NIV. High PEEP during spontaneous breath-
ing reduces inspiratory effort and enhances lung homogene-
ity, limiting the risk of self-inflicted lung injury.**** The
choice of the helmet interface may have contributed to limit
the risk of lung injury progression during the treatment,
possibly mitigating any detrimental effect of delayed intu-
bation on clinical outcome. However, due to the relatively
small sample size, it appears wise not to draw conclusions
on the safety of prolonged NIOS treatments that, to our
knowledge, should be avoided.*?

Impact of COVID-19

After 1:1 matching on disease severity and age, we com-
pared the NIOS failure rate for subjects with COVID-19
and acute hypoxemic respiratory failure with that for sub-
jects with acute hypoxemic respiratory failure from other
causes. The intubation rate was significantly higher in sub-
jects with COVID-19 (59% vs 35%). Intubation is a clinical
decision; while in the control cohort predefined criteria of
intubation were available, this was not the case for sub-
jects with COVID-19 and might constitute a limitation of
the comparison. However, while this was not defined by an
institutional protocol, in our institution a NIOS trial of = 1
h was allowed; if a subject did not improve significantly
according to the treating physician (eg, persistent dyspnea,
tachypnea, activation of accessory respiratory muscles,
inability to protect the airways, copious tracheal secretions,
hemodynamic instability), they were promptly intubated to
avoid self-inflicted lung injury.

It is possible that nonventilatory features (eg, the micro-
vascular involvement of the disease and the unavailability
of etiologic treatments) play an important role in determin-
ing NIOS treatment outcome in COVID-19 disease. This
comparison strengthens the general message of this study,
which addresses caution in the use of NIOS in COVID-19
disease.
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In our study, subjects with COVID-19 were treated
mostly with helmet NIV, higher levels of PEEP, and lower
pressure support, whereas the control subjects were treated
mostly with face mask NIV. We intentionally excluded
subjects with COVID-19 who received high-flow nasal
cannula alone from the comparison because this treatment
was not available when the historical cohort was studied.
The difference in the interfaces and settings used reflects
the evolution of NIOS respiratory support in acute hypoxe-
mic respiratory failure'?; this does not alter, and could even
strengthen, the significance of this investigation, as helmets
may reduce the need for endotracheal intubation compared
to face mask NIV, and high PEEP during spontaneous
breathing exerts lung-protective effects.®**** Hence,
patients with COVID-19 should have been protected from
treatment failure by high PEEP and lower pressure support,
but this was not the case.

Limitations

This study has several limitations. First, our single-center
report involved subjects treated in the ICU, and our results
may not be generalizable to clinical contexts beyond the crit-
ical care setting (ie, emergency department, medical units).
Second, we did not use standardized criteria for intubation;
however, these results reflect the effect of NIOS use in a
real-life scenario in a center with expertise in NIOS. Third,
at the time of the study no evidence of the potentially benefi-
cial effects of steroids on acute hypoxemic respiratory failure
due to COVID-19 were available, and our subjects were
treated without dexamethasone. While this might have
affected the overall mortality and intubation rates, this does
not alter in a clinically important manner the overall message
of the study. Finally, while the propensity-matched compari-
son with the historical cohort of subjects affected by respira-
tory failure of other causes has several strengths, we cannot
exclude that other uncontrolled factors affected treatment
outcome.

Conclusions

Hypoxemic subjects with COVID-19 who received
NIOS in the ICU were burdened by high risk of needing en-
dotracheal intubation. This risk appeared to be 2-fold
greater than that of subjects experiencing acute hypoxemic
respiratory failure of other origins. Differently from what
was previously reported for other causes of acute hypoxe-
mic respiratory failure, NIOS-induced improvement in oxy-
genation did not predict treatment success in COVID-19
disease, whereas higher SAPS 1II scores and serum LDH
values were independently associated with treatment fail-
ure. To avoid any delay in endotracheal intubation, treat-
ment of hypoxemic respiratory failure due to COVID-19
with NIOS requires extreme caution and careful clinical
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monitoring, especially in patients with severe hypoxemia
(SAPS II score = 33) with serum LDH = 405 units/L.
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