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Abstract
Purpose  Limited mechanical ventilators (MV) during the Coronavirus disease (COVID-19) pandemic have led to the use 
of non-invasive ventilation (NIV) in hypoxemic patients, which has not been studied well. We aimed to assess the associa-
tion of NIV versus MV with mortality and morbidity during respiratory intervention among hypoxemic patients admitted 
with COVID-19.
Methods  We performed a retrospective multi-center cohort study across 5 hospitals during March–April 2020. Outcomes 
included mortality, severe COVID-19-related symptoms, time to discharge, and final oxygen saturation (SpO2) at the con-
clusion of the respiratory intervention. Multivariable regression of outcomes was conducted  in all hypoxemic participants, 
4 subgroups, and propensity-matched analysis.
Results  Of 2381 participants with laboratory-confirmed SARS-CoV-2, 688 were included in the study who were hypoxemic 
upon initiation of respiratory intervention. During the study period, 299 participants died (43%), 163 were admitted to the 
ICU (24%), and 121 experienced severe COVID-19-related symptoms (18%). Participants on MV had increased mortality 
than those on NIV (128/154 [83%] versus 171/534 [32%], OR = 30, 95% CI 16–60) with a mean survival of 6 versus 15 days, 
respectively. The MV group experienced more severe COVID-19-related symptoms [55/154 (36%) versus 66/534 (12%), 
OR = 4.3, 95% CI 2.7–6.8], longer time to discharge (mean 17 versus 7.1 days), and lower final SpO2 (92 versus 94%). Across 
all subgroups and propensity-matched analysis, MV was associated with a greater OR of death than NIV.
Conclusions  NIV was associated with lower respiratory intervention mortality and morbidity than MV. However, findings 
may be liable to unmeasured confounding and further study from randomized controlled trials is needed to definitively 
determine the role of NIV in hypoxemic patients with COVID-19.
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ICU	� Intensive care unit
MV	� Mechanical ventilation
NIV	� Non-invasive ventilation

SD	� Standard deviation
COVID-19	� Coronavirus disease
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SARS-CoV-2	� Severe acute respiratory syndrome corona-
virus 2

SE	� Standard error
SpO2	� Oxygen saturation
β	� Effect size estimate
95% CI	� 95% Confidence interval

Introduction

The ongoing coronavirus disease 2019 (COVID-19) pan-
demic, caused by the Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2) virus, has pushed health-
care systems to act against a novel pathogen that can leave 
patients hypoxemic with concomitant respiratory distress [1, 
2]. Supplying adequate oxygen to these patients is a main-
stay of treatment, yet fatality rates around 50% have been 
reported in mechanically ventilated (MV) patients [3]. Due 
in part to the limited supply of mechanical ventilators during 
surges of COVID-19 cases, non-invasive ventilation (NIV) 
has been employed as an alternative method for delivering 
oxygen to hypoxemic patients with COVID-19 [4, 5]; yet 
this remains controversial with little empirical evidence for 
efficacy thus far [6, 7]. In some cases, MV is completely 
forgone for “happy hypoxic” patients who exhibit silent 
hypoxemia [8, 9]. Given that the current respiratory treat-
ment of COVID-19 varies greatly by modality and mortality, 
an analysis of clinical outcomes in patients with different 
pulmonary interventions is needed.

Understanding the effectiveness of NIV relative to MV 
is critical as different regions of the United States and the 
world contend with record levels of COVID-19 cases and 
hospitalizations that stretch resource-limited healthcare set-
tings to capacity [10, 11]. Comparable or improved effec-
tiveness of NIV in certain patients would support its use as 
an alternative to MV and aid healthcare settings with lim-
ited resources and personnel [10, 11]. Moreover, identifying 
subpopulations who benefit from NIV would help inform 
clinicians deciding respiratory interventions for hypoxemic 
patients with COVID-19 and personalize their care. There is 
currently no consensus on triggers for mechanical ventilation 
in patients with COVID-19 or criteria for when to opt for 
less invasive respiratory support instead [12].

The objective of this study was to evaluate and compare 
the respiratory intervention mortality of hypoxemic patients 
with COVID-19 who received NIV or MV across 5 hospi-
tals. The incidence of severe COVID-19-related symptoms, 
time to discharge, and final oxygen saturation (SpO2) at the 
conclusion of respiratory intervention were also analyzed.

Methods

Study design and participants

We performed a retrospective multi-center cohort study 
of respiratory interventions in hypoxemic patients with 
COVID-19. Data were analyzed from the electronic 
health record and included demographics, disease diag-
noses, vital signs, comorbidities, procedures, ICU status, 
and clinical outcomes (death, symptoms, and hospital 
discharge). Additional detail on the method for obtain-
ing these data is provided in Additional file 1. The Mount 
Sinai Institutional Review Board approved this study.

We included patients > 18 years of age with laboratory-
confirmed SARS-CoV-2 who were admitted between Mar 
1st, 2020 and Apr 30th, 2020 to 5 hospitals in New York 
City. The positive SARS-CoV-2 laboratory result occurred 
within 48 h of admission. We included hypoxemic patients 
with SpO2 ≤ 93% [13–15] at the start of respiratory inter-
vention who were more likely to receive ventilation, par-
ticularly MV, and benefit from therapeutic ventilation than 
those with normal oxygen levels. In addition, patients 
without any recorded SpO2 measurement or respiratory 
intervention were excluded. None of the included patients 
had multiple respiratory interventions or do-not-resusci-
tate orders.

Respiratory interventions and outcomes

The primary exposure of interest was a respiratory inter-
vention of NIV or MV. Limited mechanical ventilators, 
ICU capacity, and critical care resources led to the use 
of NIV in many patients. Respiratory interventions were 
provided in the ICU (ICU patients) or outside the ICU in 
the emergency department and surge/overflow areas (non-
ICU patients); critical care consults were called for all 
patients receiving MV. The primary outcome was mortal-
ity over the course of respiratory intervention. Temporal 
data of death and secondary outcomes during the respira-
tory intervention were recorded and related to the start 
of the respiratory intervention (time = 0). The secondary 
outcome of severe COVID-19-related complications was 
identified from International Classification of Disease 
9 and 10 (ICD-9-CM and ICD-10-CM) codes for acute 
respiratory distress syndrome, shock, arrhythmia, cardiac 
arrest, acute kidney injury, respiratory failure, and multi-
ple organ dysfunction (Online Additional file 1: Table S1). 
Other secondary outcomes included time to hospital dis-
charge and final SpO2 at the conclusion of the respira-
tory intervention. SpO2 measurements on room air were 
available at the initiation and conclusion of the respiratory 
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intervention. SpO2 levels at the initiation of respiratory 
intervention were included as a covariate in multivariable 
regression and were used in a subgroup analysis. SpO2 
levels at the conclusion of respiratory intervention were 
evaluated as a secondary outcome.

Comorbidities were identified from ICD-9-CM and ICD-
10-CM codes for atrial fibrillation, asthma, coronary artery 
disease, cancer, chronic kidney disease, chronic obstructive 
pulmonary disease, diabetes, heart failure, hypertension, 
liver disease, and stroke (Online Additional file 1: Table S2) 
as previously used and described elsewhere [16, 17]. Data on 
receipt of COVID-19 medications of azithromycin, hydroxy-
chloroquine, corticosteroids (prednisone, dexamethasone), 
and antivirals (lopinavir, ritonavir, favipiravir) were also 
extracted for each participant.

Statistical analysis

Statistical analyses were conducted to compare baseline 
traits between MV and NIV groups using chi-square tests 
for binary traits and two-tailed t tests for continuous traits. 
Multivariable regression of respiratory intervention on pri-
mary and secondary outcomes was performed, adjusting for 
age, sex, ethnicity, BMI, hospital, comorbidities, COVID-19 
medications, and initial SpO2. Binary outcomes of death 
and severe COVID-19-related symptoms were assessed 
with multivariable logistic regression and described with 
an adjusted odds ratio (OR) and 95% confidence interval 
(95% CI). Continuous outcomes of time to discharge and 
final SpO2 were evaluated with multivariable linear regres-
sion and described with an adjusted effect size estimate (β) 
and standard error (SE). Kaplan–Meier curves were used to 
assess survival after initiation of respiratory intervention. 
All statistical tests and plots were performed using R ver-
sion 3.4.2 [18].

Several pre-planned subgroup analyses and sensitivity 
analyses were completed to further account for confounders 
beyond multivariable regression. Admission to the ICU and 
severe hypoxemia are both associated with high mortality in 
COVID-19 patients [13, 19, 20]. In subgroup analyses, we 
stratified by ICU status during the respiratory intervention 
and initial SpO2 at the start of the respiratory intervention 
(strata of 3% SpO2 descending from 90–93%, as well as 
binarized SpO2 > 84% or ≤ 84%).

Given the possibility of baseline covariates influencing 
the probability of receiving NIV or MV, we also performed 
a sensitivity analysis restricting to propensity score-matched 
participants. Propensity scores generated with a logistic 
regression model assessed the probability of receiving NIV 
versus MV based on the same baseline covariates used in 
the multivariable regression analyses. Participants were then 
matched using nearest neighbor matching to produce a 1:1 
ratio of propensity-matched NIV to MV participants.

Results

During the study period, 2381 patients were admitted to 
5 hospitals in New York City with laboratory-confirmed 
SARS-CoV-2 infection and 688 hypoxemic patients met 
the inclusion criteria (Fig. 1). Baseline characteristics 
of participants are summarized in Table  1. A total of 
534 individuals (78%) received NIV and 154 individu-
als (22%) received MV. Demographics and comorbidi-
ties were generally similar between patients with NIV 
exposure compared to those with MV exposure. The MV 
group had a higher proportion of males (72 versus 61%) 
and a greater prevalence of coronary artery disease (15 
versus 7%). The mean initial SpO2 for patients in the MV 
group was 88% (SD = 4.8) and 113 (73%) had an initial 
SpO2 ≤ 90%; 22 (54%) of those with initial SpO2 > 90% 
had tachypnea, respiratory distress, and other symptoms 
of severe pneumonia. COVID-19-related pharmacologic 
treatments are also described in Table 1. The most com-
mon therapies in both groups were azithromycin and 
hydroxychloroquine. 

Mortality

Out of the 688 study participants, 299 (43%) died over 
the course of respiratory intervention. A total of 128/154 
patients (83%) died in the MV group, while 171/534 
patients (32%) died in the NV group (unadjusted OR = 10, 
95% CI 6.7–17). In the primary analysis, patients on MV 
had greater adjusted odds of death compared to patients 
on NIV (OR = 30, 95% CI 16–60; Figs. 2, 3). The mean 
survival time was 6 days in the MV group and 16 days in 
the NV group. Characteristics of deceased patients versus 
patients who survived are described in Table 2. Deceased 
patients tended to be older and had a higher prevalence of 
coronary artery disease, diabetes, and hypertension.

Propensity‑matched analysis

In the sensitivity analysis, propensity score matches were 
identified for 100% of the 154 patients in the MV group 
yielding a total propensity-matched sample of 308 par-
ticipants. After matching, none of the baseline covariates 
significantly differed between the MV and NIV groups 
(Table 1 and Online Additional file 1: Figure S1). Stand-
ardized differences in means were less than 0.1 for all vari-
ables after propensity matching. In a logistic regression 
analysis of matched participants with balanced covariates, 
MV use was associated with elevated odds of death com-
pared to NIV use (OR = 8.0, 95% CI 5.0–15).
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Subgroup analyses by ICU and hypoxemia status

Results were similar in all 4 subgroups (Fig. 3). Patients 
receiving MV had higher mortality than patients receiv-
ing NIV under each of the following conditions: patients 
in the ICU (OR = 15, 95% CI 3.6–85); non-ICU patients 
(OR = 199, 95% CI 22–3764); moderately hypoxemic 
patients with initial SpO2 > 84% at the start of the respira-
tory intervention (OR = 37, 95% CI 18–82); and severely 
hypoxemic patients with initial SpO2 ≤ 84% at the start of 
the respiratory intervention (OR = 15, 95% CI 1.9–122). 
Very high OR and wide CI of death in non-ICU patients 
receiving MV was due to all 40/40 (100%) non-ICU MV 
patients having died by 12 days after initiation of respira-
tory intervention (Online Additional file 1: Figure S2). A 

summary of the deceased versus survived patients in the 
ICU and non-ICU groups is provided in Table 2. Non-ICU 
deceased patients tended to be more female, older, and have 
a higher prevalence of comorbidities.

Survival trends associated with MV and NIV use dif-
fered when stratified by initial SpO2 at the start of the res-
piratory intervention (Online Additional file 1: Figure S3). 
For initial SpO2 strata of 90–93% and 87–90%, survival 
was greater in the NIV group than in the MV group (mean 
survival 19 versus 7 days and 14 versus 4 days, respec-
tively). For initial SpO2 between 84 and 87%, patients 
receiving NIV had a non-statistically significant greater 
survival than patients receiving MV (mean survival 15 
versus 8 days). In contrast, there was no difference in sur-
vival between NIV and MV groups for the lowest initial 

2,381
to 5 Hospitals in New York City

860 from Mount Sinai Hospital
430 from Mount Sinai Brooklyn
416 from Mount Sinai Morningside
422 from Mount Sinai Queens
253 from Mount Sinai West

1,570 excluded
1,564 with SpO2 >93% at start of intervention
6 without SpO2 recorded

Status during course of intervention
299 Died
163 Admitted to ICU
121 Experienced severe complications

688 included in analyses

688
respiratory intervention

154 received mechanical ventilation 534 received non-invasive ventilation

811 hypoxemic patients

123 excluded without respiratory intervention

Fig. 1   Patient selection criteria. SpO2, oxygen saturation; severe complications, severe COVID-19-related complications of acute respiratory 
distress syndrome, shock, arrhythmia, cardiac arrest, acute kidney injury, respiratory failure, or multiple organ dysfunction



993Non‑invasive ventilation versus mechanical ventilation in hypoxemic patients with COVID‑19﻿	

1 3

SpO2 strata of 81–84% and ≤ 81% (mean survival 5 versus 
5 days and 3 versus 6 days, respectively).

Secondary outcomes

A higher incidence of severe COVID-19-related symp-
toms was experienced by patients receiving MV [55/154 
(36%)] than patients receiving NIV [66/534 [(12%)] 
(OR = 4.3, 95% CI 2.7–6.8). In addition, a longer time 
to discharge occurred in the MV group [mean = 17 days, 
standard deviation (SD) = 5.0 days] compared to the NIV 
group (mean = 7.1  days, SD = 4.3  days) (β = 8.7  days, 
SE = 0.91 days). Lastly, the final SpO2 level at conclu-
sion of respiratory intervention was lower among those 
receiving MV (mean = 92%, SD = 6.0%) relative to those 
receiving NIV (mean = 94%, SD = 3.8%) (β = − 1.6%, 
SE = 0.42%).

Discussion

In this retrospective multi-center cohort study, we 
observed that MV use in hypoxemic patients with SARS-
CoV-2 infection was associated with a significantly higher 
odds of mortality over the course of respiratory interven-
tion compared to NIV use. This outcome was consistent 
when accounting for differences in demographics, comor-
bidities, pharmacologic therapies, ICU status, and initial 
SpO2 level. These preliminary findings form the rationale 
and conceptual framework for a randomized controlled 
trial (RCT) to definitively assess the role of NIV in hypox-
emic patients with COVID-19.

In clinical practice guidelines from the European Res-
piratory Society and American Thoracic Society, no rec-
ommendations for NIV in acute respiratory failure from 
pandemic viral illness were issued [21]. This was due to 

Table 1   Overview of baseline 
traits in respiratory ventilation 
groups

Other, other ancestry (includes Asian American, Native American, and miscellaneous ancestries); SpO2, 
oxygen saturation; corticosteroids, includes prednisone and dexamethasone; antivirals, includes lopinavir, 
ritonavir, and favipiravir
n number, SD standard deviation

Trait Total study population Propensity-matched population

MV (n = 154) NIV (n = 534) MV (n = 154) NIV (n = 154)

Male, n (%) 111 (72) 326 (61) 111 (72) 110 (71)
Age, mean (SD) 68 (13) 67 (16) 68 (13) 68 (16)
European, n (%) 36 (24) 125 (23) 36 (24) 38 (25)
Hispanic, n (%) 46 (30) 158 (30) 46 (30) 46 (30)
African, n (%) 28 (18) 132 (25) 28 (18) 27 (18)
Asian, n (%) 6 (4) 24 (4) 6 (4) 8 (4)
Other, n (%) 38 (25) 85 (16) 38 (25) 35 (23)
BMI in kg/m2, Mean (SD) 31 (8) 29 (7) 31 (8) 31 (8)
Initial SpO2 in %, mean (SD) 88 (5) 90 (4) 88 (4) 88 (5)
Atrial fibrillation, n (%) 7 (5) 24 (5) 7 (5) 9 (6)
Asthma, n (%) 8 (5) 22 (4) 8 (5) 7 (5)
Coronary artery disease, n (%) 23 (15) 38 (7) 23 (15) 21 (14)
Cancer, n (%) 4 (3) 21 (4) 4 (3) 5 (3)
Chronic kidney disease, n (%) 9 (6) 20 (4) 9 (6) 8 (5)
Chronic obstructive pulmonary 

disease, n (%)
4 (3) 19 (4) 4 (3) 3 (2)

Diabetes, n (%) 28 (18) 70 (13) 28 (18) 33 (21)
Heart failure, n (%) 14 (9) 24 (5) 14 (9) 16 (10)
Hypertension, n (%) 39 (25) 113 (21) 39 (25) 40 (26)
Liver disease, n (%) 4 (3) 10 (2) 4 (3) 5 (3)
Stroke, n (%) 3 (2) 11 (2) 3 (2) 3 (2)
Azithromycin, n (%) 137 (89) 436 (82) 137 (89) 135 (88)
Hydroxychloroquine, n (%) 144 (94) 465 (87) 144 (94) 143 (93)
Corticosteroids, n (%) 4 (3) 15 (3) 4 (3) 5 (3)
Antivirals, n (%) 41 (27) 75 (14) 41 (27) 45 (29)
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limited evidence of two retrospective case series study-
ing NIV use in SARS-CoV-1 infection with a small sam-
ple size and no controlling of covariates [22, 23]. More 
recent studies focusing on NIV use in SARS-CoV-2 
infection were similarly of limited sample size, did not 
account for differences in baseline traits, and did not com-
pare effectiveness against conventional MV use [4, 5, 24]. 
The guidelines ultimately call for further research with 
carefully selected patients to pave the way for randomized 

controlled trials to evaluate NIV utility in viral pandemics 
such as the COVID-19 pandemic. Our study was designed 
to examine NIV use compared to MV use in reducing mor-
tality associated with COVID-19 and provides preliminary 
findings that should be tested in an RCT to address this 
important unmet need in the literature.

The few applications of NIV in COVID-19 reported anec-
dotally or in the aforementioned studies were made without 
established criteria for when NIV or MV should be used and 

Fig. 2   Survival in mechanically 
ventilated versus non-invasively 
ventilated patients. Survival 
over time in days was assessed 
up to hospital discharge or death 
after initiation of respiratory 
intervention. A total of 128/154 
(83%) patients had died in the 
mechanical ventilation (MV) 
group and 171/534 (32%) had 
died in the non-invasive (NIV) 
group. The mean survival time 
was 6 days in the MV group 
and 16 days in the NIV group. 
Time (days), time in days since 
the beginning of the respiratory 
intervention

OR (95% CI)

n deaths/n patients (%)
MV NIV OR (95% CI)

128/154 (83%) 171/534 (32%) 30 (16-60)
P Value

1.4 x 10-23

88/114 (77%) 24/49 (49%) 15 (3.6-85) 7.0 x 10-4

40/40 (100%) 147/485 (30%) 199 (22-3764) 1.4 x 10-11

94/114 (82%) 132/477 (28%) 37 (18-82) 1.3 x 10-20

34/40 (85%) 39/57 (68%) 15 (1.9-122) 6.3 x 10-3

128/154 (83%) 57/154 (37%) 8.0 (5.0-15) 5.9 x 10-15

Source

Primary analysis
ICU
Non-ICU
SpO2 >84%
SpO2 84%
Propensity matched

Fig. 3   Association of mechanical ventilation compared to non-
invasive ventilation with mortality among hypoxemic patients 
with COVID-19. Forest plot depicting odds ratio (OR) of death for 
mechanical ventilation (MV) compared to non-invasive ventilation 
(NIV). All multivariable regression analyses included covariates of 
age, sex, ethnicity, BMI, hospital, atrial fibrillation, asthma, coro-
nary artery disease, cancer, chronic kidney disease, chronic obstruc-
tive pulmonary disease, diabetes, heart failure, hypertension, liver 

disease, stroke, azithromycin, hydroxychloroquine, corticosteroids 
(prednisone, dexamethasone), antivirals (lopinavir, ritonavir, favip-
iravir), and initial SpO2. Box plots depict the middle 50% estimate 
(blue box) and corresponding 95% confidence interval (horizontal 
lines). SpO2, oxygen saturation; n, number; OR (95% CI), adjusted 
odds ratio with 95% confidence interval; propensity-matched, sam-
ples matched with nearest-neighbor matching on probability propen-
sity scores
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which patients may benefit from one modality over the other 
[12]. In the present study, there was a wide distribution of 
initial SpO2 at the initiation of MV and NIV ranging from 
77–93%, indicating that factors such as availability of venti-
lators and clinical gestalt were used to decide initiation of a 
respiratory intervention rather than an empirical framework. 
This included 135 of the 154 (88%) patients receiving MV 
who had hypoxemia with initial SpO2 ≤ 90% and/or severe 
pneumonia as indications for intubation. We investigated 
whether use of NIV instead of MV was optimal for patients 
in certain initial SpO2 ranges in a stratified analysis. Sur-
vival after initiation of respiratory intervention was higher 
for NIV than MV when initial SpO2 strata were > 84%, 

while no difference in survival was observed at initial SpO2 
strata ≤ 84% (Online Additional file 1: Figure S2). This is 
in line with previous studies of non-COVID-19-related 
acute hypoxemia respiratory failure that have demonstrated 
improved survival on NIV except in cases of very severe 
hypoxemia [25, 26]. Among patients with SpO2 ≤ 84%, 
a greater proportion of patients were deceased in the MV 
group than in the NIV group (OR = 15; 95% CI 1.9–122) 
while there was no difference in time to death between the 
MV and NIV groups (e.g., mean of 5 days in both groups for 
those with SpO2 between 81–84%).

There were several limitations to the study, the foremost 
one being its retrospective nature with non-random allotment 

Table 2   Characteristics of patients stratified by survival during respiratory intervention

Other, other ancestry (includes Asian American, Native American, and miscellaneous ancestries); SpO2, oxygen saturation; corticosteroids, 
includes prednisone and dexamethasone; antivirals, includes lopinavir, ritonavir, tocilizumab, and favipiravir
n number, SD standard deviation

Trait Total study population ICU Non-ICU

Deceased (n = 299) Survived (n = 389) Deceased (n = 112) Survived (n = 51) Deceased (n = 187) Survived (n = 338)

Male, n (%) 182 (61) 255 (66) 81 (72) 36 (71) 101 (54) 219 (65)
Age, mean (SD) 74 (12) 62 (14) 68 (12) 58 (12) 78 (11) 63 (14)
European, n (%) 81 (27) 80 (21) 222 (20) 14 (27) 59 (32) 66 (20)
Hispanic, n (%) 77 (26) 127 (33) 32 (29) 16 (31) 45 (24) 111 (33)
African, n (%) 70 (23) 90 (23) 25 (22) 11 (22) 45 (24) 79 (23)
Asian, n (%) 12 (4) 18 (5) 4 (4) 2 (4) 8 (4) 16 (5)
Other, n (%) 59 (20) 74 (19) 29 (26) 8 (16) 30 (16) 66 (20)
BMI in kg/m2, mean 

(SD)
29 (8) 30 (7) 31 (8) 31 (7) 28 (7) 29 (7)

Initial SpO2 in %, 
mean (SD)

88 (5) 90 (3) 88 (4) 89 (5) 88 (5) 90 (3)

Atrial fibrillation, 
n (%)

20 (7) 11 (3) 6 (5) 2 (4) 14 (7) 9 (3)

Asthma, n (%) 13 (4) 17 (4) 7 (6) 3 (6) 6 (3) 14 (4)
Coronary artery 

disease, n (%)
39 (13) 22 (6) 15 (13) 4 (8) 24 (13) 18 (5)

Cancer, n (%) 12 (4) 13 (3) 5 (4) 0 (0) 7 (3) 13 (4)
Chronic kidney 

disease, n (%)
20 (7) 9 (2) 7 (6) 1 (2) 13 (7) 8 (2)

Chronic obstruc-
tive pulmonary 
disease, n (%)

8 (3) 15 (4) 2 (2) 0 (0) 6 (3) 15 (4)

Diabetes, n (%) 55 (18) 43 (11) 26 (23) 5 (10) 29 (16) 38 (11)
Heart failure, n (%) 20 (7) 18 (5) 8 (7) 3 (6) 12 (6) 15 (4)
Hypertension, n (%) 82 (27) 70 (18) 31 (28) 13 (25) 51 (27) 57 (17)
Liver disease, n (%) 5 (2) 9 (2) 4 (4) 1 (2) 1 (1) 8 (2)
Stroke, n (%) 10 (3) 4 (1) 1 (2) 0 (0) 10 (5) 3 (1)
Azithromycin, n (%) 242 (81) 331 (85) 101 (90) 47 (92) 141 (75) 284 (84)
Hydroxychloro-

quine, n (%)
252 (84) 357 (92) 107 (96) 49 (96) 145 (78) 308 (91)

Corticosteroids, 
n (%)

8 (3) 11 (3) 3 (3) 2 (4) 5 (3) 9 (3)

Antivirals, n (%) 52 (17) 64 (16) 36 (32) 19 (37) 16 (9) 45 (13)
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of respiratory intervention. We attempted to address this by 
adjusting for covariates in the primary analysis, performing 
stratified analyses of ICU status and hypoxemia severity, 
and conducting a sensitivity analysis of propensity score-
matched participants. The propensity-matched analysis 
revealed an increased OR of mortality associated with MV 
use compared to NIV use (OR = 8.0, 95% CI 5.0–15), yet 
the magnitude was less than that of the primary analysis 
(adjusted OR = 30, 95% CI 16–60) suggesting control of 
potential confounders. However, this cannot preclude all 
possible confounding and selection bias that may have 
occurred. Different times to intervention in the NIV and 
MV groups [mean (SD) time from admission to interven-
tion, 0.40 (1.4) and 1.6 (3.3) days, respectively] may have 
introduced further bias. A future study that examines the 
primary and secondary outcomes of patients on MV versus 
NIV in an RCT is needed to truly minimize confounding 
and selection bias.

In addition, the assessment of oxygen saturation was 
estimated by pulse oximetry. The SpO2 recorded by this 
method may differ from measured arterial oxygen saturation 
by ± 4% [27]. Thus, validation of this study’s results using 
measured arterial oxygen saturation would be an important 
next step. Despite this technical consideration, we affirm 
that pulse oximetry is readily available at the bedside and 
could enhance the rapid and appropriate triage of patients 
with COVID-19 when determining whether to initiate NIV 
or MV.

We were also unable to examine the temporality of 
ICD-9- and ICD-10-coded comorbidities and diagnoses of 
severe COVID-19 symptoms. Time to these events from 
admission was occasionally inconsistent as providers may 
have recorded them in the electronic health record after the 
patient encounter or discharge. Regardless, this limitation 
was present in both MV and NIV groups, and any measured 
differences in comorbidities were addressed by multivariable 
regression and propensity-matching.

Lastly, high mortality occurred in the study popula-
tion. This may be explained in part by the initial surge of 
COVID-19 cases during the study period in which critical 
care resources (e.g., mechanical ventilators, ICU capacity 
and staff) were in short supply, and knowledge of the disease 
and its management were limited. However, this presented a 
unique opportunity for comparing hypoxemic patients who 
were administered MV versus NIV short of conducting an 
RCT.

Conclusions

In the present study, we observed that, compared to 
MV, use of NIV was associated with reduced mortality, 
decreased severe COVID-19-related symptoms, shorter time 

to discharge, and less deterioration of SpO2 in patients with 
COVID-19 who are in the ICU, outside the ICU, and with 
different severity of hypoxemia. Survival trends associated 
with MV and NIV use differed based on the severity of 
hypoxemia, with improved survival for NIV use in patients 
with milder hypoxemia (initial SpO2 > 84%) and no differ-
ence in survival between MV and NIV use in patients with 
severe hypoxemia (initial SpO2 ≤ 84%). The study’s retro-
spective nature and limitations preclude its application to 
clinical practice until a prospective follow-up investigation 
can be made. Further study of NIV use in hypoxemic patients 
with COVID-19 is warranted, especially in resource-limited 
clinical settings and during surges of COVID-19 in the com-
munity. These data form the conceptual basis for a large 
RCT to definitively address this timely and critical research 
question.
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