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Abstract

Rationale: Strong evidence supports use of noninvasive ventilation
(NIV) for patients with respiratory distress from chronic obstructive
pulmonary disease and heart failure (strong evidence conditions
[SECs]). Despite unclear benefits of NIV for other causes of acute
respiratory failure, utilization for conditions with weaker evidence is
increasing, despite evidence demonstrating higher mortality for patients
who suffer NIV failure (progression from NIV to invasive mechanical
ventilation [IMV])) compared with being treated initially with IMV.

Objectives: To determine the association of hospital variation in
evidence-based utilization of NIV with patient outcomes.

Methods: Using the California State Inpatient Database 2011, we
identified adult patients who received NIV. Patients were considered
to have an SEC for NIV if they had an acute exacerbation of chronic
obstructive pulmonary disease or heart failure. We used
multivariable hierarchical logistic regression to determine the
association between hospital rates of NIV use for SECs and patient
risk of NIV failure (need for IMV after NIV).

Results: Among 22,706 hospitalizations with NIV as the initial
ventilatory strategy, 6,820 (30.0%) had SECs. Patients with SECs had
lower risk of NIV failure than patients with weak evidence conditions
(8.1 vs. 18.2%, P < 0.0001). Regardless of underlying diagnosis,
patients admitted to hospitals with greater use of NIV for SECs

had lower risk of NIV failure (Quartile 4 vs. Quartile 1 adjusted odds
ratio = 0.62; 95% CI = 0.49-0.80). Even patients without an SEC
benefited from admission to hospitals that used NIV more often for
patients with SECs (Quartile 4 vs. Quartile 1 adjusted odds ratio

for NIV failure = 0.68; 95% CI = 0.52-0.88).

Conclusions: Most patients who received NIV did not have
conditions with strong supporting evidence for its use with wide
institutional variation in patient selection for NIV. Surprisingly, we
found that all patients, even those without an SEC, benefited from
admission to hospitals with greater evidence-based utilization of
NIV, suggesting a “hospital effect” that is synergistic with patient
selection.
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Noninvasive ventilation (NIV) is a
cornerstone of treatment for patients with
acute hypercarbic respiratory failure and
heart failure (HF). Multiple randomized
controlled trials have shown that patients
with acute respiratory failure due to

chronic obstructive pulmonary disease
(COPD) or HF have lower intubation rates,
hospital length of stay, and mortality with
early use of NIV (1-7). However, NIV
has not consistently shown benefits for
patients with conditions such as
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hypoxemic respiratory failure, respiratory
failure in the immunocompromised
population, or asthma (8-16), and some
studies have suggested harm when

NIV was used for hypoxic respiratory
failure (17, 18).
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Harm may arise from progression of
respiratory failure, despite NIV necessitating
eventual intubation and invasive mechanical
ventilation (IMV); this failure of NIV is
strongly associated with increased mortality
compared with patients treated initially with
IMV (19-21). Despite potential harm from
overuse of NIV among patients who are
unlikely to benefit, use of NIV for conditions
without strong supporting evidence has
dramatically increased in the last 2 decades
in the United States (20). However, whether
clinical practice regarding optimal patient
selection for the initiation of NIV at an
institutional level, and whether practice
variation is associated with meaningful
differences in outcomes, is unknown.

We sought to characterize between-
hospital variation in NIV utilization for
strong evidence-based conditions (COPD
or HF) and evaluate associations between
hospital rates of evidence-based NIV use and
clinical outcomes. We hypothesize that the
majority of NIV would be used in strong
evidence-based conditions, and that
hospitals with more evidence-based
utilization of NIV would experience better
rates of clinical outcomes. However, we
hypothesize that patient selection based on
cause of respiratory failure drives patient
outcomes, and that admission to hospitals
with more evidence-based utilization is not
associated with individual patient outcomes.

Methods

Please refer to the METHODS in the online
supplement for full study details.

Patients

Using the Healthcare Cost and Utilization
Project’s California State Inpatient
Database (CA SID) (22, 23), we conducted
a retrospective cohort study on adult
patients (=18 yr of age) who required
ventilatory support. The CA SID

contains administrative discharge data for
100% of discharges from nonfederal
hospitals in the state of California and,
uniquely, includes information about
patient early do-not-resuscitate (DNR)
status (within 24 h of admission) (24, 25).
Our primary patient cohort consisted of
patients who received initial ventilatory
treatment with NIV identified by previously
validated International Classification of
Disease, 9th Edition, Clinical Modification
(ICD9-CM) billing code 93.90 (26).
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Patients were considered to have a strong
evidence condition (SEC) for NIV if they
were admitted for an acute exacerbation of
COPD or HF (see Table El in the online
supplement for ICD9-CM codes to identify
disease cohorts) (26-28). We excluded
patients with a DNR order, who could be
started on NIV, but may ineligible for IMV;
patients transferred to or from another
acute care hospital; patients with
obstructive sleep apnea; and patients
admitted to hospitals that treated fewer
than 25 patients with NIV during 2011
(Figure E1).

Exposures and Outcomes

The primary exposure was the hospital-level
rate of NIV for SECs (NIV-SEC), calculated
as the number of patients who received
NIV for SECs divided by the total number
of patients treated with NIV. Because of
nonlinear association between NIV-SEC
rates and outcomes, hospital NIV-SEC rate
was divided into quartiles. The primary
outcome was NIV failure [initial treatment
with NIV followed by treatment with

IMV (ICD9-CM code 96.7x [28, 29]).
NIV failure was selected as the primary
outcome, because patients who suffer

NIV failure have a higher risk of death
compared with those treated initially with
IMV (19-21). NIV failure was identified as
hospitalizations where IMV was initiated
on the same day or after NIV was started,
as previously described (19-21). In-hospital
mortality for patients receiving NIV was a
secondary outcome.

Statistical Analysis

We compared unadjusted continuous
variables using Student’s t test, Wilcoxon
Rank sum test, and linear regression as
appropriate and categorical variables with
chi-square and Cochrane Armitage tests for
trends. We describe hospital variation in
evidence-based patient selection for NIV
using the median odds ratio (OR) (30). To
evaluate the association between hospital
NIV-SEC rates and patient outcomes, we
used multivariable hierarchical logistic
regression (31) with hospitals as random
intercepts to: (I) determine the association
of patient diagnosis (SEC or not) with
patient outcomes (NIV failure and NIV
in-hospital mortality) (patient-level
outcome and patient-level exposure); (2)
calculate hospital risk-adjusted NIV failure
and hospital risk-adjusted NIV mortality
rates from random effects output; and (3)

determine the association between patient
outcomes and hospital NIV-SEC rates
(patient-level outcome and hospital-level
exposure). These models were adjusted

for patient demographics, individual
Elixhauser comorbidities (32, 33), acute
organ failures (Table E2) (34, 35) that
were present on admission (24, 36), and
patient indication for NIV (COPD, HF,
pneumonia, nonpneumonia sepsis, asthma,
and “other”; Table E3). To determine the
association between hospital NIV-SEC rates
and hospital risk-adjusted NIV failure and
mortality rates, we used Spearman’s
correlation test with Penalized B-spline
regression (37) to visualize the relationship.

Exploratory and Sensitivity Analyses
Controversy exists about the benefits of NIV
for immunocompromised patients with
acute respiratory failure (14, 16, 38-40).
As such, we conducted a sensitivity analysis
in which immunocompromised patients
were defined as having an SEC for NIV use.
In addition, given previous work
demonstrating an inverse relationship
between NIV case volume and outcomes
(21), we conducted an exploratory analysis
investigating the relationship between
hospital evidence-based NIV case selection,
NIV case-volume, and NIV outcomes.

All statistical testing was two-tailed
and performed at a critical o of 0.05 and
conducted with SAS v9.4 (SAS Institute, Cary,
NC). The study was deemed to be exempt
from review by the National Jewish Health
Institutional Review Board (Denver, CO).

Table 1. Etiology of respiratory failure
treated with noninvasive ventilation

Condition Patients Receiving
NIV (n =22,706) %
Pneumonia 26.1
COPD 15.0
HF 15.0
Nonpneumonia 4.6
sepsis
Asthma 3.6
Other* 35.6

Definition of abbreviations: COPD = chronic
obstructive pulmonary disease; HF = heart
failure; NIV = noninvasive ventilation.

*Most common diagnoses that constitute “other”
include acute or chronic respiratory failure not
otherwise specified, acute or chronic myocardial
ischemia, cardiac arrhythmia, acute kidney
injury, and opioid overdose.
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Figure 1. Hospital variation in indications for noninvasive ventilation (NIV). The average hospital NIV—strong
evidence condition (SEC) rate was 29.6% (x-axis; SD =10.1), but ranged from 6.1 to 58.9%.

Results

We identified 22,706 hospitalizations with
NIV as the initial ventilatory treatment
within 212 hospitals in California during
2011. The mean age of patients receiving

NIV was 68.9 years (SD = 15.1), with 52.9%
female and 57.3% white. SECs were
documented for 30.0% of NIV cases. The
most common diagnosis associated with
NIV use was pneumonia, which was not
categorized as an SEC (Table 1).

At the hospital level, the average hospital
NIV-SEC rate was 29.6% (SD = 10.1), with
wide institutional variation in the proportion of
patients receiving NIV who had SECs (median
OR =143; 95% CI =1.37-1.52; Figure 1).
Patients undergoing NIV admitted to hospitals
that used NIV more often for SECs were less
likely to be white and more likely to be black/
Hispanic, more likely to have Medicaid as a
primary payer, and more likely to live in lower-
income neighborhoods compared with patients
admitted to hospitals that were less likely to use
NIV for SECs (Table 2).

Patient Outcomes

Overall, 15.2% of patients failed initial
treatment with NIV and subsequently
required IMV. Patients with SECs had
significantly lower risks for NIV failure
(8.1 vs. 18.2%; adjusted OR [aOR] =0.21;
95% CI =0.14-0.32). A patient’s risk of
NIV failure was lower when admitted to
hospitals with higher NIV-SEC rates

Table 2. Characteristics of patients receiving noninvasive ventilation by strong evidence condition hospital quartile

No. of Hospitals
NIV-SEC rate, %
Age, mean (SD), yr
Female, %
Race/ethnicity, %
White
Black
Hispanic
Other'
Primary payer, %
Medicare
Medicaid
Private Insurance
Other?
Median income of patient ZIP code, %
Low
Low middle
Upper middle
High
Other'
Elixhauser comorbidity score, mean (SD)*
Shock POA, %
Acute respiratory failure POA, %
Acute renal failure POA, %
Acute neurologic failure POA, %
Acute hematologic failure POA, %
Acute hepatic failure POA, %
Acute metabolic failure POA, %

Hospital Hospital Hospital Hospital P Value*
Quartile 1 Quartile 2 Quartile 3 Quartile 4
(n =4,553) (n=7,144) (n =6,626) (n =4,383)
53 54 52 53
18.6 26.8 33.5 42.0
68.8 (15.4) 69.1 (15.4) 69.5 (14.7) 68.0 (14.9) 0.07
51.1 53.2 53.5 53.4 0.06
<0.0001
62.7 58.3 55.7 52.2
8.2 9.4 11.3 21.0
13.3 17.2 18.3 15.9
15.8 15.0 14.7 10.9
<0.0001
66.3 65.0 69.0 66.8
11.3 15.5 15.9 19.3
17.2 14.1 9.4 8.9
5.3 5.4 5.7 5.0
<0.0001
18.1 22.9 34.2 47.2
22.4 26.8 30.3 17.9
25.3 241 215 22.1
315 24.7 12.1 11.0
2.8 1.5 1.9 1.8
9.3 (8.2) 9.2 (8.1) 9.2 (8.1) 8.6 (8.1) <0.0001
11.2 12.7 11.3 9.5 0.0014
29.3 37.0 38.5 41.2 <0.0001
19.9 21.3 20.2 20.3 0.87
8.0 8.0 7.6 6.6 0.01
8.4 8.3 7.8 6.7 0.0019
2.0 1.8 1.7 1.7 0.23
12.0 11.5 124 11.6 0.97

Definition of abbreviations: NIV = noninvasive ventilation; POA = present on admission; SEC = strong evidence condition.
*Mantel-Haenszel chi-square and Cochrane-Armitage tests for trends were used for categorical variables, and linear regression to test for trends across

quartiles was used for continuous variables.
TIncludes patients with missing data.

*Calculated without cardiac arrhythmia comorbidity per HCUP (Healthcare Cost and Utilization Project) software (33).
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(Quartile 4 vs. Quartile 1 aOR =0.65;

95% CI =0.50-0.83). In a subgroup
analysis, patients without an SEC also had
lower risk of NIV failure when admitted to
hospitals with higher NIV-SEC rates
(Quartile 4 vs. Quartile 1 aOR = 0.68;

95% CI=0.52-0.88).

Mortality among patients who suffered
NIV failure was higher than those treated
initially with IMV (39.4 vs. 31.0%; aOR =
1.49; 95% CI =1.38-1.62). Among patients
who failed initial NIV treatment, those with
SECs had lower hospital mortality
compared with patients with conditions
with weak evidence for NIV use (11.1 vs.
28.7%; aOR =0.44; 95% CI =0.29-0.65).
Patients who received NIV at hospitals with
higher NIV-SEC rates tended to have lower
hospital mortality rates than patients
receiving NIV at low NIV-SEC rate
hospitals (Quartile 4 vs. Quartile 1
aOR =0.83; 95% CI = 0.68-1.00).

Hospital Outcomes

Hospitals with higher rates of NIV-SEC had
lower risk-adjusted NIV failure rates
(p=—0.25, P < 0.0001; Figure 2). We did
not observe a significant association between
hospital NIV-SEC rates and hospital risk-
adjusted mortality rates for patients
receiving NIV (p = —0.07, P=0.32).

Exploratory Analysis

Hospital NIV-SEC rates were not
significantly associated with hospital NIV
case volume (p = —0.05; P=0.47; Figure
E2). At the patient level, patients admitted
to a high vs. low NIV case-volume hospital
had higher individual risk of NIV failure
(Quartile 4 vs. Quartile 1 aOR = 1.34; 95%
CI=1.04-1.73), but, after adjusting for
NIV-SEC rate, NIV case volume was no
longer associated with the risk of NIV
failure (Quartile 4 vs. Quartile 1 aOR =
1.27; 95% CI =0.98-1.64). When hospitals
were grouped by both NIV case volume and
NIV-SEC rates, high case-volume and low
NIV-SEC rate hospitals tended to have
higher risk-adjusted NIV failure rates than
other groupings (P = 0.0003 for difference
in average risk-adjusted NIV failure rates;
Figure 3).

Sensitivity Analysis

When immunocompromised patients were
considered to have an SEC for NIV, we
observed similar findings to those of the
primary analysis. We observed a decreased
risk of NIV failure for patients with SECs
(aOR =0.60; 95% CI = 0.45-0.80). Patients
admitted to hospitals with higher NIV-SEC
rates were at lower risk of NIV failure
(Quartile 4 vs. Quartile 1 aOR = 0.64;

30 A

Hospital Risk-Adjusted NIV Failure Rate (%)

10 20 30

40 50 60

Hospital NIV for SEC Rate (%)

Figure 2. Association of hospital noninvasive ventilation (NIV) for strong evidence condition (SEC) rate
with hospital risk-adjusted NIV failure rates. Hospitals with higher NIV-SEC rates had lower risk-

adjusted NIV failure rates (p = —0.27, P < 0.0001).
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95% CI = 0.50-0.82). We also observed that
hospitals with higher NIV-SEC rates had
lower risk-adjusted NIV failure rates
(p=—0.25, P=0.0002).

Discussion

We investigated the association of
evidence-based use of NIV with patient and
hospital outcomes. In contrast to prior
research, we observed that the majority of
NIV use in this large and diverse population
was for patients without strong evidence,
with wide institutional variation in patient
selection for NIV. In further contrast to our
initial hypotheses, we observed that all
patients, regardless of underlying cause of
respiratory failure, benefitted from
admission to hospitals with greater
evidence-based utilization of NIV,
suggesting that hospital factors may
significantly influence outcomes in addition
to underlying patient factors, which has not
previously been described to our knowledge.
Our findings were robust to sensitivity
analysis.

Our study identifies several novel
findings not previously described to our
knowledge with regard to NIV use and
outcomes. COPD was previously identified
as the most common condition for which
NIV is used in the United States, but with a
significant trend toward other diagnoses
becoming more common (20). We actually
found that COPD is no longer the most
common indication for NIV with
pneumonia, now accounting for more
nearly one-third of all cases of NIV.

This shift in conditions treated with NIV is
also associated with our observation of
double the NIV failure rate among patients
with weaker evidence conditions compared
with those with COPD or HF. Despite
evidence suggesting a lack of survival benefit
for patients without SECs, large variation
and high rates of NIV use for conditions
with high risk of NIV failure suggest a need
for further research focused on improving
patient selection and minimizing harms
associated with overuse of NIV (8-17). In
addition, future investigations focused on
the biases and decisional heuristics
informing clinical decision-making for
patients with acute respiratory failure may
provide important insights regarding care
variations between institutions.

Consistent with previous work, we
observed a significantly higher risk of NIV

AnnalsATS Volume 14 Number 11| November 2017
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Figure 3. Association of hospital risk-adjusted noninvasive ventilation (NIV) failure rates with NIV
hospital case volume and strong evidence condition (SEC) rate. The data is presented as Whisker
plots with the diamonds indicating the mean NIV failure rate. Group 1: low hospital NIV case volume
and high hospital NIV-SEC rate (mean NIV failure rate = 13.4% [SD = 4.8%)). Group 2: low hospital
NIV case volume and low hospital NIV-SEC rate (mean NIV failure rate = 14.6% [SD = 4.6%)]). Group
3: high hospital NIV case volume and high hospital NIV-SEC rate (mean NIV failure rate = 14.0% [SD
=5.4%)]). Group 4: high hospital NIV case volume and low hospital NIV-SEC rate (mean NIV failure
rate =17.0% [SD =5.7%)]). P =0.003 for difference in mean risk-adjusted NIV failure rates across all
four groups. *P < 0.05 in pairwise comparison of mean hospital NIV failure rates.

failure associated with weaker evidence
conditions as well as higher mortality with
NIV failure compared with initial treatment
with IMV (19-21). Although the etiology of
increased mortality associated with NIV
failure has not been fully elucidated, we
speculate that patients who fail NIV may
experience subtle, but potentially rapid,
worsening (e.g., from aspiration or pooling
of secretions) that may go unrecognized for
a period of time. In addition, recent work
suggests that even with NIV, patients with
significant respiratory distress still have
significantly increased work of breathing, as
well as large swings in transpulmonary
pressure, that can contribute to worsening
lung injury (41). The higher mortality
associated with NIV failure for all patients
indicates that ongoing studies investigating
both patient and hospital factors associated
with NIV failure are necessary.

Previous studies investigating NIV
failure have mostly focused on patient-level
factors, such as hemodynamic instability,
metabolic acidosis, impaired mental status,
and elevated APACHE II (Acute Physiology
and Chronic Health Evaluation II) scores,

but few studies have explored hospital-level
factors associated with NIV outcomes
(21, 26, 40, 42-47). Based on these studies
and those suggesting that COPD and HF had
the strongest benefits from NIV, we had
hypothesized that a patient’s underlying
clinical condition and cause of respiratory
failure would fully account for NIV-related
outcomes. However, contrary to our
hypothesis, we found that admission to
hospitals with greater evidence-based
utilization of NIV was associated with a lower
risk of NIV failure (with a trend toward lower
mortality). The beneficial effects of being
admitted to a hospital with higher use of NIV
for patients with SECs persisted even in our
subgroup analysis of patients without SECs.
For example, our observation would suggest
that a patient with pneumonia who receives
NIV would have improved outcomes at a
hospital that tends to use NIV preferentially
for patients with SECs compared with
hospitals with liberal use of NIV. This finding
suggests a beneficial “hospital effect” that has
not previously been described.

We speculate that higher NIV use for
SECs may be a marker of a hospital’s

Mehta, Douglas, and Walkey: Evidence-Based Use of Noninvasive Ventilation

practices for selection and/or monitoring of
patients for NIV or use of other evidence-
based practices that may improve the
outcomes for patients with weaker evidence
conditions for NIV. Hospitals that are
more selective in use of NIV may be more
likely to opt for initial treatment with IMV
for patients deemed to be at high risk of
NIV failure. Such hospitals would have
lower rates of NIV failure for patients
without SECs given more conservative
patient selection practices. Alternatively,
higher NIV-SEC rates may correlate with
different strategies for monitoring patients
receiving NIV (e.g., mandatory admission
to an intermediate care unit or intensive
care unit), greater respiratory therapist
availability, lower nurse-to-patient ratios,
et cetera. Hospitals that employ more
evidence-based patient selection practices
for NIV may also employ other evidence-
based practices, such as more rapid
administration of antibiotics in pneumonia,
rapid fluid resuscitation of patients with
sepsis, et cetera. that could contribute to
improved NIV outcomes even among
patients with conditions with weaker
evidence supporting NIV use. Further
studies should seek to identify the hospital
practice patterns that improve NIV-related
outcomes at hospitals that use NIV more
often for patients with SECs.

Previous studies have suggested an
association between hospital NIV case
volume and NIV outcomes (21, 48). We
observed that patients admitted to higher
NIV case-volume hospitals had an
increased risk of NIV failure. However,
accounting for rates of NIV for SECs
attenuated the association between NIV
case volume and outcomes. In fact, we
observed a significantly lower risk of NIV
failure at high case-volume hospitals that
employed greater evidenced-based NIV use
compared with high-volume hospitals that
had lower evidenced-based NIV utilization.
Evaluating the association of NIV case
volume alone raises the potential concern
that high-volume hospitals may be using NIV
on less sick patients and, thus, have better
outcomes. Our findings suggest that patient
selection practices may be more important
than hospital case-volume practices in
improving NIV-related outcomes.

In addition, we observed higher rates
of racial/ethnic minorities, higher rates
of Medicaid as the primary payer, and
higher rates of patients living in low-income
neighborhoods at hospitals with higher NIV
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for SEC utilization rates. It is unclear what
significance these demographic differences
have for NIV-related outcomes. It is possible
that higher NIV-SEC-rate hospitals were
more likely to be academic medical centers,
which often have higher rates of low-income
patients with Medicaid as their primary
insurance. Academic medical centers may
be more likely to employ evidenced-based
patient selection practices for NIV. Future
studies evaluating differences in hospital
characteristics based on evidenced-based
utilization patterns are needed.

In addition to those limitations common
to retrospective analyses of large datasets, our
study has several unique limitations. The CA
SID includes a large, diverse population with
the unique ability to exclude patients with
DNR orders who would not be eligible for
NIV failure as they would not want IMV, but
may be limited in the generalizability to
institutions outside of California. We used
ICD9-CM billing code-based algorithms that
have previously been validated to identify
COPD and HF, but the use of billing
codes may increase the possibility of
misclassification. The lack of granular

patient-level information, such as laboratory
values and vital signs, may have introduced
unmeasured confounding in our evaluations.
Although the CA SID allowed us to exclude
patients with an early DNR order (within 24
h of admission) who may have received NIV,
but not been eligible for IMV, it does not
contain information about later DNR orders.
As such, it is possible that some of the
patients in our cohort may have had a later
DNR order and not been eligible for NIV
failure (i.e., progression to IMV). In addition,
similar to previous studies, we treated patients
who had the same hospital day recorded for
both NIV and IMV as having NIV preceding
IMV (19, 20, 46). It is possible that a small
number of these patients may have first
received IMV and been quickly extubated to
NIV, as we could not determine the exact
time that each form of ventilation was
initiated. Finally, we speculate about the
association of hospital factors with NIV
outcomes, but were unable to evaluate health
service delivery components, such as nurse
and respiratory therapy staffing, monitoring
capabilities, et cetera, that are likely to
influence NIV outcomes.

In a population-based study of
patients hospitalized in California, we
identified that most NIV episodes were
initiated for conditions without strong
supporting evidence. Patients admitted to
hospitals that tended to use NIV for
patients with a condition supported by a
strong evidence base for improved
outcomes with NIV (e.g., COPD and HF
exacerbations) had a lower risk of NIV
failure. These findings suggest a hospital
effect for NIV outcomes, demonstrating
that institutional variation in NIV
outcomes may partially be explained by
institutional practice patterns regarding
evidence-based patient selection and
clinician decision-making during the
initiation of ventilatory support. Future
studies will be required to better
understand how hospitals and physicians
select patients to receive NIV and to
identify specific practices that facilitate
evidence-based use of NIV and improve
NIV outcomes. M

Author disclosures are available with the text
of this article at www.atsjournals.org.
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