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Rationale. Although noninvasive positive pressure ventilation (NIPPV) is increasingly used in acute respiratory distress syndrome
(ARDS) to avoid invasive mechanical ventilation (IMV), the data supporting its benefit for this indication are lacking. Objectives.
To analyze the all-cause in-hospital mortality rate and length of stay (LOS) for ARDS patients who received NIPPV in the United
States (US) compared to those who were initially intubated. Our secondary outcome of interest was to determine the predicting
factors for NIPPV failure. Methods. We used the 2016 National Inpatient Sample database to identify 4,277 adult records with
ARDS who required positive pressure ventilation. We divided the cohort into initial treatment with IMV or NIPPV. %en, the
NIPPV group was further subdivided into NIPPV failure or success. We defined NIPPV failure as same-patient use of NIPPV and
IMV either on the same day or using IMV at a later date. We analyzed the in-hospital mortality, LOS, and NIPPV failure rate.
Linear regression of log-transformed LOS and logistic regression of binary outcomes were used to test for associations. Results.
%e NIPPV success group had the lowest mortality rate (4.9% [3.8, 6.4]) and the shortest LOS (7 days [6.6, 7.5]).%eNIPPV failure
rate was 21%. Sepsis, pneumonia, and chronic liver disease were associated with higher odds of NIPPV failure (adjusted OR: 4.47,
2.65, and 2.23, respectively). %ere was no significant difference between NIPPV failure and IMV groups in-hospital mortality
(26.9% [21.8, 32.8] vs. 25.1% [23.5, 26.9], p � 0.885) or LOS (16 [14, 18] vs. 15.6 [15, 16.3], p � 0.926). Conclusions. NIPPV success
in ARDS exhibits significantly lower hospital mortality rates and shorter LOS compared with IMV, and NIPPV failure exhibits no
significant difference in hospital mortality or LOS compared with patients who were initially intubated.%erefore, an initial trial of
NIPPV may be considered in ARDS. Sepsis, pneumonia, and chronic liver disease were associated with higher odds of NIPPV
failure; these factors should be used to stratify patients to the most suitable ventilation modality.

1. Introduction

%e use of noninvasive positive pressure ventilation
(NIPPV) in acute respiratory failure (ARF) is increasing
primarily to avoid the adverse events of invasive me-
chanical ventilation (IMV) [1]. NIPPV accounts for ap-
proximately 40% of total ventilator starts for ARF and up
to 80% of starts in patients with exacerbations of chronic

obstructive pulmonary disease (COPD) or acute cardio-
genic pulmonary edema (ACPE) [2]. Despite the tre-
mendously improving success rate of NIPPV over the last
decade in ARF regardless of the underlying etiology [3]
and the presence of strong evidence supporting its use for
acute COPD exacerbations and ACPE [2, 4], the evidence
supporting NIPPV use over IMV in acute respiratory
distress syndrome (ARDS) is lacking and controversial.
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Several studies showed a universal beneficial role of
NIPPV in ARDS [5], and others emphasized its role in
certain ARDS populations, such as immunocompromised
patients or those with mild disease [6, 7]; conversely, other
studies have shown a poor track record of NIPPV use in
ARDS [8, 9]. Consequently, these conflicting findings have
resulted in major restrictions and concerns for NIPPV use in
ARDS. Additionally, the subgroup of patients with ARDS
likely to benefit from or fail the trial of NIPPV still remains
unclear [10], and all previously published studies that sought
to predict NIPPV failure in ARDS were not conclusive
primarily due to inadequate sample size. %erefore, we
aimed to conduct the largest retrospective cohort study to
analyze the all-cause in-hospital mortality and length of stay
(LOS) for ARDS patients who received NIPPV in the United
States (US). Our secondary outcome of interest was to
determine the predicting factors for NIPPV failure.

2. Methods

2.1. Study Setting. %is is a retrospective cohort study that
was conducted using the 2016 National Inpatient Sample
(NIS) part of Healthcare Cost and Utilization Project
(HCUP), which is sponsored by the Agency for Healthcare
Research and Quality (AHRQ) [11]. %is study includes
deidentified sample data of hospital discharges from 47 states;
when weighted to include nationwide discharges, this study
represents more than 97 percent of the US population [12].
Each hospitalization is treated as an individual database entry,
and the individual weights supplied by the AHRQ are used in
all analyses to maintain the integrity of the complex survey
design and allow for extrapolation of the findings to the entire
US population. %e Institutional Review Board at the Texas
Tech University Health Sciences Center deemed this study
exempt from review due to the use of deidentified data.

2.2. Study Design. All hospitalization records were analyzed
using the International Classification of Diseases, Tenth
Revision, Clinical Modification and Procedure Coding
System (ICD-10 CM/PCS), consistent with the previously
published literature [13, 14]. We used the principal diagnosis
codes linked to each hospitalization to identify all adult
records with ARDS during the 2016 calendar year, which
represents the study period. We then used ICD-10 PCS
codes to identify records of ARDS that required NIPPV,
IMV, or both. %e following data were extracted from the
NIS database: patient and hospital demographics, admission
and treating diagnoses, in-patient procedures, in-hospital
mortality rates, hospital length of stay, and discharge status
[11]. We used the Elixhauser Comorbidity Index provided
by the HCUP-NIS to derive the prevalence of comorbidities
in our sample [15]. Additionally, we ran ICD-10 codes to
assess the prevalence of ARDS etiologies and the incidence
of in-hospital complications. Table S1 in the Online Sup-
plement provides the ICD-10 CM/PCS codes that were used
to identify the dataset records.

To avoid misclassification bias and in compliance with
Berlin criteria for ARDS, we excluded all records with acute

respiratory failure that could have been attributed to (ACPE)
and those who were on high-flow oxygen at the time of
diagnosis [16]. We also excluded all records with “Do not
resuscitate/Do not intubate” status due to its possible in-
terference with the decision to intubate if it was clinically
indicated. We also excluded discharges related to patients
with missing time-to-procedure to improve the study pre-
cision. To further improve the precision and internal val-
idity, records with IMV application prior to admission, such
as at-the-scene intubations, were excluded from the cohort
because the indication for intubation was not identifiable
and might not correlate to the study diagnosis of ARDS.
Moreover, we treated all observations as hospitalization
events rather than unique patients [17] and avoided the use
of nonspecific secondary diagnosis codes to infer in-hospital
events [18]. If the NIS strata did not present records for any
of the groups when the complex survey design was applied,
we excluded that stratum from the final data analysis [19].

We then divided the cohort into the IMV and NIPPV
groups. %e IMV group represented patients who were
initially intubated regardless of whether NIPPV was used
afterwards. Records with NIPPV use after IMV during the
same hospitalization, i.e., as a step-down weaning method in
patients at risk of postextubation CO2 retention, are still
included in the IMV group. %e NIPPV group was sub-
divided into the NIPPV success and failure subgroups. %e
NIPPV success subgroup included ARDS patients who re-
ceived NIPPV treatment and were never intubated, while the
NIPPV failure subgroup represented ARDS patients who
received both NIPPV and IMV either on the same day or
IMV at a later date than NIPPV. Figure 1 shows the study
design flow chart.

2.3. Statistical Analysis. Complex survey design and pop-
ulation weights provided in the HCUP-NIS database were
used for all statistical analyses; national estimates for ARDS
hospitalizations, race, and sex were generated accordingly.
Demographic and clinical characteristics were summarized
as the mean and percentage with 95% confidence interval
(CI) for continuous and categorical variables, respectively.
Simple logistic regression models were used to assess the
association between in-hospital mortality as an outcome
variable and the following predictors: study group, indicator
of sex, age (in years) at admission, race (uniform), hospital
type and location, ARDS etiologies (sepsis, pneumonia,
acute pancreatitis, transfusion-related acute lung injury
(TRALI), and trauma), and AHRQ comorbidity measures
(chronic congestive heart failure, chronic obstructive pul-
monary disease, chronic ischemic heart disease, chronic
kidney disease, chronic liver disease, malignancy, dementia,
hypertension, diabetes mellitus, obesity, and smoking). Data
are presented as the odds ratio (OR) with a 95% CI. Sta-
tistically significant predictors were then selected and used
in subsequent multiple logistic regression models to de-
termine adjusted coefficients and presented as adjusted odds
ratios (aOR) with 95% CI.

LOS presented as a nonnormal distribution; thus, it was
log-transformed before running the regression models.
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Unadjusted and adjusted coefficients for log-LOS predictors
were calculated using simple and multiple linear regression
models, respectively, with the same independent variables
used for mortality. After multiple regression for both
mortality and log-LOS, margins for study groups were es-
timated and compared in a pairwise manner. Bonferroni
correction was used to control multiple-comparison error.
%e p value significance level was set at 0.05.

To determine the significant predictors for NIPPV
failure, simple logistic regression models were tested for
demographic variables, ARDS etiologies, and comorbidities.
%en, only statistically significant predictors were further
analyzed to obtain the aORs using the multiple logistic
regression model (see Table S2 in the Online Supplement).

All data were analyzed using STATA 15.1 (StataCorp,
College Station, TX).

3. Results

Among 7.1 million all-cause hospitalization records in the
2016 NIS database, we identified 4,277 adult records with a
primary diagnosis of ARDS that fulfilled the inclusion cri-
teria. IMV was used in the majority of the included cohort
(68%). Patients who were initially intubated were slightly
younger than those who were on NIPPV treatment (56.3 vs.
61.5 years) but had similar demographics and comorbidity
burden otherwise. Sepsis (44.1%), pneumonia (38.7%), and
trauma (9.2%) were the most prevalent ARDS etiologies in

2016 NIS database
(n = 7,135,090)

All observations with ARDS
(n = 32,158)

Excluded (n = 27,277)
Age 0–17: 5,208
DNR: 4,011
ACPE: 6,339
Did not require

MV: 23,380

Adult ARDS, full resuscitaion code,
and required MV

(n = 4,881)

Excluded (n = 604)
Time to procedure
was missing: 209
Intubated prior to
admission: 45
Not suitable for
data analysis: 350

Included in data analysis
(n = 4,277)

IMV
(n = 2,910)

NIPPV
(n = 1,367)

NIPPV success
(n = 1,096)

NIPPV failure
(n = 271)

(i)
(ii)

(iii)

(i)

(ii)

(iii)

(iv)

Figure 1: Study design flow chart. NIS: national in-patient sample; n: actual number of observations,; ARDS: acute respiratory distress
syndrome; DNR: do not resuscitate; ACPE: acute cardiogenic pulmonary edema; MV: mechanical ventilation; IMV: invasive mechanical
ventilation; NIPPV: noninvasive positive pressure ventilation.
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the overall study population and each individual group,
while acute pancreatitis (3.2%) and TRALI (0.4%) were the
least reported etiologies. Acute kidney injury (AKI) and the
development of new-onset shock state were the most in-
cident complications in the IMV (49.6% and 40.8%, re-
spectively) and NIPPV groups (32.8% and 14%,
respectively). Table 1 shows patient and hospital charac-
teristics, ARDS etiologies, comorbidities, and complications
based on the study group.

NIPPV was initially used in 1,367 ARDS patients (32%),
of whom 287 (21%) failed and were eventually intubated.
%e all-cause in-hospital mortality rate was 25.1% in the
IMV group, 4.9% in the NIPPV success group, and 26.9% in
the NIPPV failure.%emean LOS was 15.6 days (95% CI [15,
16.3]) in the IMV group, 7 days (95% CI [6.6, 7.5]) in the
NIPPV success group, and 16 (95% CI [14, 18]) in NIPPV
failure group. Table 2 shows the prevalence of the outcomes
based on the study group.

In the multivariate logistic regression, there was no
significant difference in hospital mortality between the
NIPPV failure and IMV groups (26.9% [21.8, 32.8] vs. 25.1%
[23.5, 26.9], p � 0.885). Similarly, the adjusted model for
log-transformed LOS (see Table S3 in the Online Supple-
ment) showed no significant difference between the IMV
and NIPPV failure groups for LOS (16 [14, 18] vs. 15.6 [15,
16.3], p � 0.926). However, the NIPPV success group had
significantly lower all-cause in-hospital mortality rates; both
the IMV (aOR 5.3 [3.96, 7.11]) and NIPPV failure (aOR 5.43
[3.61, 8.17]) groups showed higher odds of hospital morality
compared with the NIPPV success group (see Table S4 in the
Online Supplement). %e NIPPV success group also showed
significantly shorter LOS (7 days [6.6, 7.5]) compared with
the IMV (p< 0.001) and NIPPV failure (p< 0.001) groups.
Figure 2 shows the adjusted estimates and 95% CI for the
outcomes based on study groups.

After adjusting for other significant factors, sepsis,
pneumonia, and chronic liver disease were found to be
associated with higher odds for NIPPV failure. Sepsis
exhibited a large effect size (aOR 4.47 [3.24–6.17]), while
pneumonia and liver disease showed a moderate effect size
(aOR 2.65 [1.94–3.62] and 2.23 [1.11–3.75], respectively).
Figure 3 shows adjusted estimates and 95% CI for all factors
associated with NIPPV failure.

4. Discussion

%e Berlin definition of ARDS requires that all of the fol-
lowing criteria be present for diagnosis: respiratory symp-
toms within one week of a known clinical insult; bilateral
opacities in chest imaging that are not otherwise fully
explained; respiratory failure is not fully explained by ACPE;
and impairment of oxygenation on ventilator settings that
include positive end-expiratory pressure (PEEP) or con-
tinuous positive airway pressure (CPAP) ≥5 cm H2O [20].

Most clinicians tend to use IMV for ARDS patients
liberally and reserve the use of NIPPV for patients with
ARDS who are hemodynamically stable, have milder disease,
are easily oxygenated, and have no contraindications to its
use. %is conservative approach is based on conflicting data

regarding the benefits and harm of NIPPV in the ARDS
population [5, 8]. For example, a study of patients with acute
hypoxemic respiratory failure reported increased mortality
in association with NIPPV compared with high-flow nasal
cannula. In this study, a low tidal volume was almost im-
possible to achieve in most patients receiving NIPPV, and a
high tidal volume was independently associated with NIPPV
failure. Nonetheless, whether the potential harm associated
with NIPPV reported in this study was due to the delivery of
higher than expected tidal volumes remains unclear [21].

Additionally, an analysis from the Large Observational
Study to Understand the Global Impact of Severe Acute
Respiratory Failure (LUNG-SAFE) reported an increase in
intensive care unit but not hospital mortality with the use of
NIPPV in ARDS patients who have severe hypoxemia
(PaO2/FiO2 ratio <150) and that clinicians should defer the
use of NIPPV in such patients [7]. %ese conclusions should
be interpreted with caution because the results of the LUNG-
SAFE study were partly discrepant with the propensity-
matched analysis due to low study power and the smaller
number of patients included. It is also worth mentioning
that the NIPPV failure rate in the LUNG-SAFE study was
underreported because patients treated with NIPPV on day 1
were excluded [8].

On the other hand, several other studies supported the
use of NIPPV in ARDS, especially in its milder forms. For
instance, helmet-delivered NIPPV reduced the need for
intubation in mild or moderate ARDS. It was also associated
with a higher rate of ventilator-free days, shorter ICU stay,
and lower 90-day mortality without an increase in adverse
effects [22]. Although it provided promising results, this
study was small, single-center, unblinded and it was stopped
early, which may make it more likely that the effect size is
exaggerated. Another multiple-center survey on the use of
NIPPV as a first-line intervention for ARDS has shown that
intubation was successfully avoided in 54% of ARDS patients
[23].

Our data represent the largest retrospective cohort
studying the outcomes of NIPPV in ARDS to date. %e
analysis indicated for the first time the lack of statistically
significant differences in the adjusted all-cause in-hospital
mortality rate and LOS between NIPPV failure and initial
endotracheal intubation. Our results also emphasized that if
NIPPV is successful, it is associated with significantly lower
all-cause in-hospital mortality rates and LOS compared with
initial intubation, a finding that is consistent with the
previously published literature [7, 24]. %erefore, an initial
trial of NIPPV may be considered in ARDS since NIPPV
could, on the one hand, be potentially beneficial and, on the
other hand, does not seem to result in worse outcome if it
fails compared with initial intubation. A large prospective
trial is warranted to confirm these findings.

Additionally, our analysis showed that sepsis, pneu-
monia, and chronic liver disease are independently associ-
ated with higher odds for NIPPV failure. In addition to other
risk factors such as higher nonpulmonary Sequential Organ
Failure Assessment (SOFA) score and respiratory rate [8],
these conditions could be used to stratify patients to themost
suitable ventilator modality, i.e., NIPPV vs. IMV. However,
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Table 1: Patient and hospital characteristics, ARDS etiologies, comorbidities, and complications, by the study group.

IMV (N� 14,550) NIPPV
(N� 6,835)

NIPPV success
(N� 5,480)

NIPPV failure
(N� 1,355)

% 95% CI % 95% CI % 95% CI % 95% CI
Patient-level characteristics

Age at admission (years), mean 56.3 [55.7, 57] 61.5 [60.6, 62.4] 62.2 [61.1, 63.2] 58.8 [56.9, 60.6]
Sex, %
Male (n� 2,149) 52.1 [50.2, 53.9] 46.4 [43.7, 49.1] 45.3 [42.3, 48.4] 50.7 [44.8, 56.7]
Female (n� 2,127) 47.9 [46.1, 49.8] 53.6 [50.9, 56.3] 54.7 [51.6, 57.7] 49.3 [43.3, 55.2]

Race (uniform)
White (n� 2,471) 63.3 [61.2, 65.3] 54.9 [51.7, 58.1] 53.4 [50.0, 56.7] 61.2 [54.5, 67.6]
Black (n� 815) 18.3 [16.7, 20.1] 23.4 [20.8, 26.2] 25 [22.2, 28.0] 16.7 [12.5, 21.9]
Hispanic (n� 492) 11.5 [10.1, 13.0] 13.2 [11.2, 15.6] 13.2 [11.0, 15.7] 13.6 [9.7, 18.6]
Asian/Pacific Islander (n� 142) 3.2 [2.6, 3.9] 4.2 [3.2, 5.5] 4.4 [3.3, 6.0] 3.1 [1.6, 6.1]
Native American (n� 25) 0.7 [0.4, 1.2] 0.5 [0.2, 1.0] 0.4 [0.1, 1.0] 0.8 [0.2, 3.1]
Other (n� 135) 3 [2.4, 3.8] 3.9 [2.9, 5.2] 3.7 [2.7, 5.0] 4.7 [2.7, 7.9]

Location/teaching status of hospital, %
Rural (n� 263) 5.6 [4.9, 6.4] 7.3 [5.9, 9.0] 6.5 [5.1, 8.3] 10.7 [7.6, 14.9]
Urban, nonteaching (n� 931) 21 [19.4, 22.6] 23.4 [20.7, 26.4] 23.1 [20.2, 26.3] 24.7 [19.7, 30.5]
Urban, teaching (n� 3,083) 73.4 [71.6, 75.1] 69.3 [66.1, 72.3] 70.4 [67.0, 73.6] 64.6 [58.3, 70.4]

Hospital-level characteristics
Region of hospital, %
Northeast (n� 826) 17.4 [15.8, 19.2] 23.3 [20.3, 26.7] 24.5 [21.0, 28.2] 18.8 [14.3, 24.4]
Midwest (n� 846) 22.4 [20.3, 24.7] 14.2 [11.7, 17.1] 13.2 [10.7, 16.3] 18.1 [13.7, 23.4]
South (n� 1,724) 39.3 [37.1, 41.6] 42.4 [39.0, 46.0] 42.4 [38.7, 46.2] 42.4 [36.0, 49.2]
West (n� 881) 20.9 [19.0, 22.8] 20 [17.5, 22.8] 19.9 [17.1, 23.0] 20.7 [16.0, 26.3]

ARDS etiologies
Sepsis, %, (n� 1,885) 50.8 [48.9, 52.6] 29.8 [27.4, 32.4] 21.4 [19.0, 23.9] 64.2 [58.3, 69.7]
Pneumonia, %, (n� 1,654) 42.3 [40.5, 44.2] 30.9 [28.5, 33.4] 24.6 [22.2, 27.3] 56.1 [50.1, 61.9]
Acute pancreatitis, %, (n� 138) 3.7 [3.1, 4.5] 2.1 [1.5, 3.0] 2 [1.3, 3.0] 2.6 [1.2, 5.3]
TRALI, %, (n� 16) 0.4 [0.3, 0.8] 0.2 [0.1, 0.7] 0.1 [0.0, 0.6] 0.7 [0.2, 2.9]
Trauma, %, (n� 392) 11.2 [9.9, 12.6] 4.9 [3.9, 6.2] 4.8 [3.7, 6.3] 5.2 [3.1, 8.5]

Comorbidities
COPD, %, (n� 1,016) 20.1 [18.7, 21.7] 31.5 [29.0, 34.0] 31 [28.3, 33.9] 33.2 [27.7, 39.2]
Chronic CHF, %, (n� 441) 9.2 [8.2, 10.3] 12.7 [11.0, 14.6] 13.9 [11.9, 16.0] 8.1 [5.3, 12.3]
Chronic IHD, %, (n� 935) 19.9 [18.3, 21.5] 26.1 [23.8, 28.5] 28.4 [25.8, 31.1] 17 [13.1, 21.7]
CKD, %, (n� 1,116) 21.3 [19.8, 22.8] 36.4 [33.8, 39.0] 39.1 [36.2, 42.0] 25.5 [20.7, 31.0]
Chronic liver disease, %, (n� 394) 10.4 [9.4, 11.6] 6.6 [5.4, 8.0] 4.7 [3.6, 6.0] 14.4 [10.7, 19.0]
Malignant neoplasms, %, (n� 402) 9.2 [8.2, 10.4] 9.8 [8.3, 11.5] 9.6 [8.0, 11.5] 10.7 [7.6, 14.9]
Dementia, %, (n� 172) 3.4 [2.8, 4.1] 5.3 [4.2, 6.7] 5.6 [4.3, 7.2] 4.4 [2.5, 7.6]
Hypertension, %, (n� 2,695) 57.9 [55.9, 59.8] 74 [71.5, 76.2] 77.5 [74.9, 79.9] 59.8 [53.5, 65.8]
DM with/without complications, %, (n� 1,413) 30.1 [28.3, 31.9] 39.4 [36.8, 42.0] 41.9 [39.0, 44.8] 29.2 [24.2, 34.7]
Obesity, %, (n� 847) 18.2 [16.8, 19.7] 23.1 [20.9, 25.5] 23.2 [20.7, 25.8] 22.9 [18.1, 28.4]
Smoking, %, (n� 795) 18.9 [17.4, 20.4] 18 [16.0, 20.2] 17.6 [15.3, 20.2] 19.6 [15.3, 24.7]

Complications
Shock state, (n� 1,378) 40.8 [38.9, 42.7] 14 [12.2, 15.9] 6.8 [5.5, 8.5] 42.8 [37.1, 48.7]
Acute kidney failure, %, (n� 1,890) 49.6 [47.7, 51.4] 32.8 [30.3, 35.4] 27.3 [24.7, 30.0] 55 [48.9, 60.9]
Acute liver failure, %, (n� 218) 6.7 [5.8, 7.7] 1.8 [1.2, 2.6] 0.8 [0.4, 1.6] 5.5 [3.4, 8.9]
DIC and coagulopathy, %, (n� 101) 2.7 [2.2, 3.4] 1.5 [1.0, 2.4] 0.5 [0.2, 1.1] 5.9 [3.6, 9.6]

n: actual number of observations; N: population-weighted sample size; CI: confidence interval; ARDS: acute respiratory distress syndrome; IMV: invasive
mechanical ventilation; NIPPV: noninvasive positive pressure ventilation; TRALI: transfusion-related acute lung injury; COPD: chronic obstructive
pulmonary disease; CHF: congestive heart failure; IHD: ischemic heart disease; CKD: chronic kidney disease; DM: diabetes mellitus; DIC: disseminated
intravascular coagulopathy.

Table 2: All-cause patient in-hospital mortality rate (%) and length of stay (days), by the study group.

IMV (N� 14,550) NIPPV (N� 6,835) NIPPV success
(N� 5,480)

NIPPV failure
(N� 1,355)

%, mean 95% CI %, mean 95% CI %, mean 95% CI %, mean 95% CI
Died during hospitalization, %, (n� 858) 25.1 [23.5, 26.9] 9.3 [7.8, 11.0] 4.9 [3.8, 6.4] 26.9 [21.8, 32.8]
Length of stay (days), mean 15.6 [15, 16.3] 8.8 [8.2, 9.4] 7 [6.6, 7.5] 16 [14, 18]
N: population-weighted sample size; n: actual number of observations; CI: confidence interval; IMV: invasive mechanical ventilation, NIPPV: noninvasive
positive pressure ventilation.
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further prospective research is required to validate this
finding.

4.1. Strengths and Limitations. Our findings are strength-
ened by several factors. HCUP-NIS provides a nationally
representative sample, making our data the closest ap-
proximation of national trends [11]. Additionally, our
dataset rigorously adheres to the NIS methodological
standards [19], and our algorithm for identifying ARDS
records has led to an enormous statistical power as it
captured a significantly larger number of observations
compared with all previously published studies. Also, the
Berlin definition of ARDS was strictly followed in the
dataset included [20], and all records with ARF that was
attributed to ACPE, those who did not receive any positive
pressure ventilation, or those who were intubated before
admission, i.e., when the diagnosis of ARDS might not be
clearly linked to ARDS at the time of intubation, were
excluded.

Of note, our findings are limited by the inherent biases
of retrospective analyses involving large administrative
databases, including confounding effects and coding errors

[25]. Several factors, such as variations in billing, physician
documentation, and practices influencing accurate as-
signments of ICD-10 codes, may have led to inaccuracies
in estimating the diagnosis of certain comorbidities and
complications, making disease misclassification a possi-
bility [14]. To improve the accuracy, we utilized ICD codes
that were validated in previous studies, and we captured
records with combined inclusion criteria of having ARDS
as a principal diagnosis and the provision of positive
pressure ventilation as the procedure of interest. Hence, we
obtained the most accurate representative sample of
ARDS.

In addition, due to restrictions in data elements
provided by HCUP-NIS, some variables that were
thought to be important in determining ARDS out-
comes, such as disease severity, IMV settings, NIPPV
interface, duration of the evolving complications, and
SOFA score, were not obtainable [18]. Additionally, the
duration of the assigned procedure used, whether IMV
or NIPPV, was not obtainable due to the nature of the
database [11]; it is thought to be an important factor in
reflecting which procedure predominantly affected the
studied outcome.
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Figure 2: Adjusted estimates with 95% CI for all-cause in-hospital mortality (left) and length of stay (right) based on study group. IMV:
invasive mechanical ventilation; NIPPV: noninvasive positive pressure ventilation.
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Figure 3: Adjusted odds ratios of noninvasive positive pressure ventilation failure for associated comorbidities. aOR: adjusted odds ratio;
CI: confidence interval; CHF: congestive heart failure; IHD: ischemic heart disease; CKD: chronic kidney disease; CLD: chronic liver disease.
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5. Conclusions

Our analysis shows that NIPPV success in ARDS carries
significantly lower mortality rates and shorter LOS com-
pared with IMV. If NIPPV fails, it carries no significant
difference in hospital mortality or LOS compared with
patients who were initially intubated. %erefore, an initial
trial of NIPPV may be considered in ARDS since NIPPV
could, on the one hand, be potentially beneficial and, on
the other hand, does not seem to result in worse outcome if
it fails compared with initial intubation. Also, our data are
the first to indicate that sepsis, pneumonia, and chronic
liver disease are strong predictors of NIPPV failure;
therefore, they should be used to stratify patients to the
most suitable ventilation modality. Further studies are
required to validate our findings and to establish the causes
of these observations.

Data Availability

%e data used to support the findings of this study are
available from the corresponding author upon request.

Disclosure

%econtent does not represent the official views of the Agency
for Healthcare Research and Quality and is not endorsed by
any federal agency. %e content of this study was presented at
the American %oracic Society International Conference,
May 19th, 2019.%e abstract of this research was published in
the American Journal of Respiratory and Critical Care Med-
icine, May 2019, issue 199. DOI: https://doi.org/10.1164/
ajrccm-conference.2019.199.1_MeetingAbstracts.A1143.

Conflicts of Interest

%e authors declare that they have no conflicts of interest.

Authors’ Contributions

A. T. was responsible for concept and study design; ac-
quisition, analysis, and interpretation of the data; and
drafting and critical revision of the manuscript. E. L. Z. was
involved in the conduction of the statistical analysis,
drafting, and critical revision of the manuscript. A. A. was
responsible for data acquisition and analysis. A. M. and M.
T. N. contributed to the drafting of the manuscript. M. P.
was responsible for study design, data interpretation,
drafting, and critical revision of the manuscript.

Acknowledgments

%is study was supported in part by the Clinical Research
Institute at the Texas Tech University Health Sciences
Center, Lubbock, TX. %e authors thank the Healthcare
COSTand Utilization Project and the Agency for Healthcare
Research and Quality for the Nationwide Inpatient Sample
2016 database.

Supplementary Materials

Table S1: the International Classification of Diseases, Tenth
Revision, Clinical Modification and Procedure Coding Sys-
tem (ICD-10 CM/PCS) Codes that were used to identify the
dataset records. Table S2: the predicting factors for NIPPV
failure. Table S3: the predicting factors for log-transformed
length of stay. Table S4: the predicting factors for all-cause in-
hospital mortality. (Supplementary Materials)

References

[1] A. Neuschwander, V. Lemiale, M. Darmon et al., “Non-
invasive ventilation during acute respiratory distress syn-
drome in patients with cancer: trends in use and outcome,”
Journal of Critical Care, vol. 38, pp. 295–299, 2017.

[2] D. Chandra, J. A. Stamm, B. Taylor et al., “Outcomes of
noninvasive ventilation for acute exacerbations of chronic
obstructive pulmonary disease in the United States, 1998–
2008,” American Journal of Respiratory and Critical Care
Medicine, vol. 185, no. 2, pp. 152–159, 2012.

[3] A. M. Meeder, D. H. T. Tjan, and A. R. H. van Zanten,
“Noninvasive and invasive positive pressure ventilation for
acute respiratory failure in critically ill patients: a comparative
cohort study,” Journal of /oracic Disease, vol. 8, no. 5,
pp. 813–825, 2016.

[4] A. B. Mehta, I. S. Douglas, and A. J. Walkey, “Evidence-based
utilization of noninvasive ventilation and patient outcomes,”
Annals of the American /oracic Society, vol. 14, no. 11,
pp. 1667–1673, 2017.

[5] L. Ye, J. Wang, X. Xu, Y. Song, and J. Jiang, “Noninvasive
ventilation on mortality of acute respiratory distress syn-
drome,” Journal of Physical /erapy Science, vol. 28, no. 8,
pp. 2284–2288, 2016.

[6] I. S. Sehgal, S. Chaudhuri, S. Dhooria, R. Agarwal, and
D. Chaudhry, “A study on the role of noninvasive ventilation
in mild-to-moderate acute respiratory distress syndrome,”
Indian Journal of Critical Care Medicine, vol. 19, no. 10,
pp. 593–599, 2015.

[7] G. Bellani, J. G. Laffey, T. Pham et al., “Noninvasive venti-
lation of patients with acute respiratory distress syndrome.
Insights from the LUNG SAFE study,” American Journal of
Respiratory and Critical Care Medicine, vol. 195, no. 1,
pp. 67–77, 2017.

[8] G. Bellani, J. G. Laffey, T. Pham et al., “Epidemiology, patterns
of care, and mortality for patients with acute respiratory
distress syndrome in intensive care units in 50 countries,”
JAMA, vol. 315, no. 8, pp. 788–800, 2016.

[9] J. M. Mosier, J. C. Sakles, S. P. Whitmore et al., “Failed
noninvasive positive-pressure ventilation is associated with an
increased risk of intubation-related complications,” Annals of
Intensive Care, vol. 5, no. 1, p. 4, 2015.

[10] M. Antonelli, G. Conti, M.Moro et al., “Predictors of failure of
noninvasive positive pressure ventilation in patients with
acute hypoxemic respiratory failure: a multi-center study,”
Intensive Care Medicine, vol. 27, no. 11, pp. 1718–1728, 2001.

[11] NIS Database Documentation, Healthcare Cost and Utiliza-
tion Project, Agency for Healthcare Research and Quality,
Rockville, MD, USA, 2019, https://www.hcup-us.ahrq.gov/
db/nation/nis/nisdbdocumentation.jsp.

[12] NIS Description of Data Elements, Healthcare Cost and
Utilization Project, Agency for Healthcare Research and

Critical Care Research and Practice 7

https://doi.org/10.1164/ajrccm-conference.2019.199.1_MeetingAbstracts.A1143
https://doi.org/10.1164/ajrccm-conference.2019.199.1_MeetingAbstracts.A1143
http://downloads.hindawi.com/journals/ccrp/2019/8106145.f1.docx
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdbdocumentation.jsp


Quality, Rockville, MD, USA, 2019, https://www.hcup-us.
ahrq.gov/db/vars/discwt/nisnote.jsp.

[13] Beta Procedure Classes for ICD-10-PCS, Healthcare Cost and
Utilization Project, Agency for Healthcare Research and
Quality, Rockville, MD, USA, 2019, https://www.hcup-us.
ahrq.gov/toolssoftware/procedureicd10/procedure_icd10.jsp.

[14] Data Innovations—ICD-10-CM/PCS Resources, Healthcare
Cost and Utilization Project, Agency for Healthcare Research
and Quality, Rockville, MD, USA, 2019, https://www.hcup-us.
ahrq.gov/datainnovations/icd10_resources.jsp.

[15] Beta Elixhauser Comorbidity Software for ICD-10-CM,
Healthcare Cost and Utilization Project, Agency for Healthcare
Research and Quality, Rockville, MD, USA, 2019, https://www.
hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_
icd10.jsp.

[16] N. D. Ferguson, E. Fan, L. Camporota et al., “%e Berlin
definition of ARDS: an expanded rationale, justification, and
supplementary material,” Intensive Care Medicine, vol. 38,
no. 10, pp. 1573–1582, 2012.

[17] NIS Overview, Healthcare Cost and Utilization Project,
Agency for Healthcare Research and Quality, Rockville, MD,
USA, 2019, https://www.hcup-us.ahrq.gov/nisoverview.jsp.

[18] Introduction to the HCUP National Inpatient Sample (NIS),
Healthcare Cost and Utilization Project, Agency for Healthcare
Research and Quality, Rockville, MD, USA, 2019, https://www.
hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2016.jsp.

[19] R. Khera, S. Angraal, T. Couch et al., “Adherence to meth-
odological standards in research using the national inpatient
sample,” JAMA, vol. 318, no. 20, pp. 2011–2018, 2017.

[20] ARDS Definition Task Force, V. M. Ranieri, G. D. Rubenfeld
et al., “Acute respiratory distress syndrome: the Berlin defi-
nition,” JAMA, vol. 307, no. 23, pp. 2526–2533, 2012.

[21] G. Carteaux, T. Millán-Guilarte, N. De Prost et al., “Failure of
noninvasive ventilation for de novo acute hypoxemic re-
spiratory failure: role of tidal volume,” Critical Care Medicine,
vol. 44, no. 2, pp. 282–290, 2016.

[22] B. K. Patel, K. S. Wolfe, A. S. Pohlman, J. B. Hall, and
J. P. Kress, “Effect of noninvasive ventilation delivered by
helmet vs face mask on the rate of endotracheal intubation in
patients with acute respiratory distress syndrome: a ran-
domized clinical trial,” JAMA, vol. 315, no. 22, pp. 2435–2441,
2016.

[23] M. Antonelli, G. Conti, A. Esquinas et al., “A multiple-center
survey on the use in clinical practice of noninvasive venti-
lation as a first-line intervention for acute respiratory distress
syndrome,” Critical Care Medicine, vol. 35, no. 1, pp. 18–25,
2007.

[24] T. D. Correa, P. R. Sanches, L. C. de Morais, F. C. Scarin,
E. Silva, and C. S. V. Barbas, “Performance of noninvasive
ventilation in acute respiratory failure in critically ill patients:
a prospective, observational, cohort study,” BMC Pulmonary
Medicine, vol. 15, no. 1, p. 144, 2015.

[25] R. Khera andH.M. Krumholz, “With great power comes great
responsibility: circulation: cardiovascular quality and out-
comes,” Circulation: Cardiovascular Quality and Outcomes,
vol. 10, no. 7, 2019.

8 Critical Care Research and Practice

https://www.hcup-us.ahrq.gov/db/vars/discwt/nisnote.jsp
https://www.hcup-us.ahrq.gov/db/vars/discwt/nisnote.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/procedureicd10/procedure_icd10.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/procedureicd10/procedure_icd10.jsp
https://www.hcup-us.ahrq.gov/datainnovations/icd10_resources.jsp
https://www.hcup-us.ahrq.gov/datainnovations/icd10_resources.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_icd10.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_icd10.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/comorbidityicd10/comorbidity_icd10.jsp
https://www.hcup-us.ahrq.gov/nisoverview.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2016.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/NIS_Introduction_2016.jsp

