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BACKGROUND: We aimed to investigate the association between noninvasive ventilation (NIV)
initiated in the emergency department and patient outcomes for those requiring invasive mechan-
ical ventilation so that we could understand the effect of extended NIV use (ie, > 4 h) prior to
invasive mechanical ventilation on patient outcomes. METHODS: We conducted a retrospective
single-center cohort study at an academic tertiary care hospital center. All emergency department
patients with acute respiratory failure requiring invasive mechanical ventilation and admission to
the ICU within 48 h of initial presentation over a 24-month period were included. RESULTS:
Subject characteristics, ventilator parameters, and clinical course were captured via electronic
query, respiratory billing data, and standardized chart abstraction. A total of 431 subjects with
acute respiratory failure requiring invasive mechanical ventilation within 48 h of arrival were
identified, of whom 115 (26.7 %) were exposed to NIV prior to invasive mechanical ventilation, with
a median duration of 4 h (interquartile range 1.9-9.3). Based on a multivariable model controlling for
covariates, any NIV exposure prior to invasive mechanical ventilation was not associated with an
increased odds of persistent organ dysfunction or death. However, in the subset of subjects exposed to
NIV, extended NIV use (ie, > 4 h) prior to invasive mechanical ventilation was associated with increased
odds of persistent organ dysfunction or death (odds ratio 4.11, 95% CI 1.51-11.19). Extended NIV use
was also associated with increased odds of in-hospital mortality (odds ratio 4.02, 95% CI 1.51-10.74).
CONCLUSIONS: Although any exposure to NIV prior to invasive mechanical ventilation did not
appear to affect morbidity and mortality, extended NIV use prior to invasive mechanical ventilation was
associated with worse patient outcomes, suggesting a need for additional study to better understand the
ramifications of duration of NIV use prior to failure on outcomes. Given this early timeframe for
intervention, future studies should be collaborations between the emergency department and ICU. Key
words: emergency department; critically ill; noninvasive ventilation; bi-level; respiratory failure; mechanical
ventilation. [Respir Care 2020;65(1):82-90. © 2020 Daedalus Enterprises]

Introduction

Noninvasive ventilation (NIV) has been increasingly em-
ployed in the emergency department and critical care set-
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tings for a number of conditions, including acute hypox-
emic respiratory failure, pneumonia, and asthma, despite
conflicting evidence for its utility in these disease states.!+
NIV has been shown to be an efficacious treatment mo-
dality for patients with acute respiratory failure secondary
to COPD or acute decompensated congestive heart failure,
with improved survival and reduced need for invasive me-
chanical ventilation.>7 However, recent studies in the ICU
setting have reported that NIV can be harmful, with in-
creased risk of mortality for acute hypoxemic respiratory
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failure, when compared to other forms of oxygen delivery
such as high-flow oxygen.3

Regardless of the indication, NIV use prior to inva-
sive mechanical ventilation can sometimes lead to in-
tubation-related complications and delays in invasive
mechanical ventilation initiation.* For patients with
ARDS, delays in invasive mechanical ventilation initi-
ation have been associated with a worse prognosis de-
spite a lower severity of illness at presentation.!® Even
within the COPD population, there is a growing sub-
group who seem to have an increased mortality risk
when treated with NIV prior to invasive mechanical
ventilation compared to patients who are immediately
intubated.®-!! A recent analysis of the LUNG-SAFE co-
hort explored the utilization of NIV in the ARDS pop-
ulation and reported that NIV failure, defined as the
need for invasive mechanical ventilation after 2 d of
NIV use, was associated with a higher mortality.!? Other
studies examining delays in invasive mechanical venti-
lation initiation have also defined these intervals as > 2d
after presentation with respiratory failure, but the po-
tential effect of shorter exposures to NIV prior to intu-
bation, specifically timeframes more relevant to an emer-
gency department setting, has not been evaluated.

These prior studies also focused on subject cohorts re-
ceiving NIV in an ICU setting, which is a more controlled
and monitored setting than an emergency department or a
medical floor.#%13.14 The majority of critically ill patients
in respiratory distress present to an emergency department,
where treatment decisions on NIV use or invasive me-
chanical ventilation initiation are made in the rapid context
of resuscitation and stabilization.!>-'® However, only one
small trial has evaluated an emergency department-based
subject cohort, reporting an increase in mortality associ-
ated with NIV failure, which was defined as the need for
invasive mechanical ventilation despite NIV use.!” To ad-
equately assess the outcomes of NIV failure, it is essential
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QUICK LOOK

Current knowledge

Recent studies have shown that failure of noninvasive
ventilation (NIV) requiring invasive mechanical venti-
lation is associated with increased risk of mortality.
Current evidence comes from subject cohorts enrolled
and managed in the ICU, which is a vastly different
care setting than the emergency department, where NIV
is also utilized liberally. The outcomes of patients with
NIV failure initiated and managed in the emergency
department are unknown.

What this paper contributes to our knowledge

NIV was initiated in a very heterogeneous population
in the emergency department, and its use was not
limited to hypercapnic respiratory failure. Any ex-
posure to NIV prior to failure was not associated
with worse subject outcomes; however, extended use
of NIV in the emergency department (ie, > 4 h) was
associated with increased risk of morbidity and mor-
tality.

to consider patient characteristics and NIV utilization from
the beginning of the patient’s course, starting in the emer-
gency department.

In this retrospective cohort study of critically ill emer-
gency department subjects requiring invasive mechani-
cal ventilation for respiratory failure, we first sought to
assess if any emergency department-based NIV expo-
sure prior to intubation was associated with deleterious
effects downstream compared to subjects without any
exposure to NIV (ie, those intubated directly). Second,
our aim was to identify, only within those exposed to
NIV, any association between duration of NIV exposure
prior to intubation and deleterious downstream effects.

Methods
Study Setting and Population

This study included subjects presenting to a single,
academic, urban, tertiary care center with a high-vol-
ume emergency department, which serves > 100,000 vis-
its annually and averages 300 visits a day. Given the
increase in NIV use in the emergency department, our
study specifically evaluated NIV delivered in the emer-
gency department, where all of the NIV was initiated,
titrated, and managed by the emergency department team,
which consists of emergency medicine-trained house
staff, faculty, and a respiratory therapist. This study site
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does not have a specified protocol or algorithm for NIV
initiation, titration, or suspension; and all decisions re-
garding NIV use were made independently by the bed-
side team.

All adult patients (age = 18 y) presenting to the emer-
gency department from July 1, 2014, to June 30, 2016,
who underwent invasive mechanical ventilation initiation
and ICU admission within 48 h of presentation were in-
cluded in the cohort. Patients were excluded if they had a
do not intubate code status on presentation; were not ac-
cepted to the ICU within 48 h of presentation; presented
from an outside hospital; had invasive ventilation primar-
ily for an out-of-hospital cardiac arrest, chronic use of
invasive ventilation, or airway protection for neurological
pathology (intoxication, stroke, intracranial hemorrhage,
or seizures).

Study Design and Measurements

For this retrospective cohort study, subject characteris-
tics and clinical course were extracted from the electronic
medical record, respiratory billing data, and standardized
chart abstraction. Electronically collected data were vali-
dated and further expanded with standardized chart ab-
straction by trained reviewers.

The primary outcome of our study was a composite
aimed to capture both patient morbidity and mortality by
the presence of persistent organ dysfunction or death
(POD+D) at 28 d, defined as in-hospital mortality, dis-
charge to hospice facility with mortality at 28 d, or per-
sistent use of vasopressors, new initiation of dialysis, or
mechanical ventilation by day 28 of hospitalization.'® Sec-
ondary outcomes included in-hospital mortality and need
for tracheostomy placement.

Subject-level data included age, gender, race/ethnicity,
body mass index, severity of illness calculation using the
Mortality Probability Model III scores on ICU admission
(MPM,-11I),'° revised Charlson comorbidity index,?® lo-
cation of intubation, and emergency department acute lung
injury prediction score (a score of = 5 was defined as
having an increased risk for ARDS).?! The initial and sub-
sequent NIV settings, timing and location of invasive me-
chanical ventilation initiation, and treatment duration of
both types of ventilation were obtained. Additional vari-
ables regarding the subject’s course, such as the primary
indication for intubation and reason for respiratory failure,
were also extracted. Reasons for intubation and respiratory
failure were determined by the reasons cited in the intu-
bation note or the primary provider note after intubation.
The reasons for respiratory failure were hypoxemic respi-
ratory failure, hypercapnic respiratory failure, altered men-
tal status, shock, work of breathing, or mixed (ie, multiple
reasons were cited for intubation, or respiratory failure).
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Work of breathing was a subjective assessment for the
reason for intubation, made by the primary bedside pro-
vider.

The cohort was divided into subjects who had emer-
gency department-initiated NIV prior to invasive mechan-
ical ventilation and those who were on invasive mechan-
ical ventilation directly without any NIV exposure.
Subgroup analyses of subjects with NIV exposure were
conducted. The median duration of NIV use prior to in-
vasive mechanical ventilation within the available data
was used to divide the cohort into a brief exposure group
(ie, < 4 h) and an extended exposure group (ie, = 4 h).
The duration of NIV use was determined by the bedside
assessment of the primary team and respiratory therapist,
occasionally in consultation with the ICU or pulmonary
service team.

This study was approved by the institutional review
board at the study site under an expedited review proce-
dure, with a waiver of informed consent.

Statistical Analysis

Univariate analysis was conducted on continuous and
categorical variables to determine their measures of cen-
tral tendency (eg, mean, median, mode), frequency distri-
bution, and standard deviation and interquartile range as
appropriate. Baseline categorical characteristics were ex-
pressed as numbers and percentages, and these frequencies
were tested using chi-square analysis. Continuous vari-
ables were expressed as medians with an interquartile range
or as means with standard deviation as appropriate. Based
on exposure to NIV and then by subclassification by the
duration of NIV exposure as described above, baseline
characteristics were compared between groups using Wil-
coxon Mann-Whitney U and independent # tests as appro-
priate.

Bivariate analysis was used to assess subject variables
as predictors for NIV use (Table 1). Predictors of NIV use
were modeled using multivariable regression modeling. In
the complete cohort, multivariable logistic regression mod-
eling was used to determine the effect of any NIV expo-
sure on POD+D compared to direct invasive mechanical
ventilation. In only the NIV-exposed group, the effect of
NIV duration (ie, brief or extended) on POD+D was mod-
eled, controlling for other covariates. The secondary out-
come of in-hospital mortality, a component of POD+D,
but one of particular interest, was also separately modeled
using multivariable regression modeling. Bivariate analy-
ses of the other components of the composite outcome,
such as vasopressor use, new initiation of dialysis, and
mechanical ventilation at day 28, were also conducted.
Model fit was assessed using the Akaike information cri-
terion and the Hosmer-Lemeshow goodness of fit test.
Sensitivity analyses were performed by testing the inter-
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Table 1.  Baseline Characteristics for Emergency Department Subjects on Invasive Mechanical Ventilation for Acute Respiratory Failure Within

48 Hours of Presentation

Direct Mechanical

Mechanical Ventilation After

Characteristic Full Cohort Ventilation NIV Exposure P

Age, y 64 (54-75) 62 (53.5-72) 69 (56-78) <.001
Body mass index, kg/m? 29.0 (23.9-43.2) 26.5 (22.7-30.9) 57.0 (47.8-66.1) <.001
Gender 25

Female 205 (47.6) 145 (45.9) 60 (52.2)

Male 226 (52.4) 171 (54.1) 55 (47.8)
Race .002

Caucasian 109 (25.3) 80 (25.3) 29 (25.2)

African American 131 (30.4) 91 (28.8) 40 (34.8)

Hispanic 119 (27.6) 87 (27.5) 32(27.8)

Other 68 (15.8) 58 (18.5) 10 (8.7)

Unknown 4(1.0) 0(0.0) 4(3.5)
Insurance .01

Medicare or private payor 289 (67.1) 199 (63.0) 90 (78.3)

Medicaid 114 (26.5) 94 (29.8) 20 (17.4)

Other or unknown 28 (6.5) 23 (7.3) 5(4.4)
Reason for intubation .001

Hypercapnic respiratory failure 107 (24.8) 52 (16.5) 55 (47.8)

Hypoxemic respiratory failure 110 (25.5) 75 (23.7) 35(30.4)

Altered mental status 67 (15.6) 58 (18.4) 9(7.8)

Shock 96 (22.3) 91 (28.8) 5(4.4)

Work of breathing 39(9.1) 31(9.8) 8 (7.0)

Mixed 12 (2.8) 9(2.9) 3(2.6)
Location of intubation .02

Emergency department 316 (73.3) 242 (76.6) 74 (64.4)

ICU 78 (18.1) 48 (15.2) 30 (26.1)

Floor 37 (8.6) 26 (8.2) 11 (9.6)
MPM,-11I score 17.4 (8.6-33.2) 14.9 (7.6-30.6) 24.0 (14.3-39.5) .001
Revised Charlson comorbidity index 2 (1-5) 2 (1-5) 2 (2-5) .76
Risk of ARDSY 311 (72.2) 227 (71.8) 84 (73.0) .80
NIV exposure, h NA 0 4(1.9-9.3) .001
Time to intubation, h 6.5 (2.2-16.1) 5.8 (1.4-16.6) 9.1 (3.6-15.4) .02
Hospital length of stay, d 10.5 (5.8-19.2) 10.1 (5.5-19.0) 10.9 (7.0-22.1) 22
ICU length of stay, d 4.8 (2.7-8.9) 4.6 (2.7-8.6) 5.3(2.7-9.9) .28
Days on ventilator, d 3.1(1.3-9.6) 3.0(1.2-9.1) 3.5(1.7-11.3) .10
Data are presented as median (interquartile range) or n (%). Full cohort: N = 431 subjects; Direct invasive ventilation: n = 316 subjects; Invasive ventilation after NIV exposure: n = 115
iuggxe;;;ring prior exposure to NIV vs. no exposure.
T Defined as Lung Injury Prediction Score = 5 in the emergency department.
MPM,-III = mortality probability model on admission (severity of illness)
actions between MPM-III and duration of NIV exposure Results

because sicker patients might be more likely to be directly
intubated.!%-1222 We also tested for interactions between
age and duration of NIV exposure to evaluate whether
older patients might preferentially be trialed on less inva-
sive therapies.?3-24

The effects of the covariates on the outcomes were eval-
uated using a 2-tailed statistical test with significance of
P < .05. The data analysis was generated using SAS 9.4
(SAS Institute, Cary, North Carolina).

RESPIRATORY CARE @ JANUARY 2020 VoL 65 No 1

Baseline Characteristics

Within the study period, 1,432 emergency department
patients were admitted to the ICU, of whom 699 (48.8%)
required intubation and invasive mechanical ventilation
for acute respiratory failure within 48 h of presentation. Of
these patients, 268 met exclusion criteria (supplemental
figure; see the supplementary materials at http://www.
rcjournal.com). Table 1 describes the cohort characteris-
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Table 2.
Ventilation Within 48 Hours of Presentation

Predictors of NIV Use in Critically 11l Emergency Department Subjects With Acute Respiratory Failure Requiring Invasive Mechanical

Predictors Odds Ratio (95% CI) P

Female (Reference: male) 2.50 (1.12-5.58) .03
Body mass index, kg/m? 1.16 (1.13-1.20) <.001
Race

Caucasian Reference

African American 0.59 (0.21-1.61) .30

Hispanic 0.86 (0.32-2.33) a7

Other 0.51 (0.14-1.85) 31

Unknown >999.9 (< 0.001 to > 999.9) .99
Reason for respiratory failure

Hypercapnic respiratory failure Reference

Hypoxemic respiratory failure 0.78 (0.32-1.93) .60

Altered mental status 0.17 (0.05-0.60) .006

Shock 0.06 (0.01-0.27) <.001

Work of breathing 0.29 (0.04-2.14) 23

Mixed 0.26 (0.07-1.03) .055
Risk of ARDS 0.83 (0.36-1.95) .68

Results are from a multivariate regression model. AIC = 226.20; Hosmer Lemeshow goodness of fit P = .11.

NIV = noninvasive ventilation
AIC = Akaike information criterion

tics (N = 431 subjects), stratified by those with and with-
out NIV exposure prior to invasive mechanical ventilation
(n = 115, 26.7%; and n = 316, 73.3%, respectively).
Compared to subjects who were on invasive mechanical
ventilation directly, those exposed to NIV before invasive
mechanical ventilation were older, had a higher body mass
index, and higher severity of illness on admission to the
ICU (MPM,,-IIT). The top 2 reasons for respiratory failure
in subjects who were on invasive mechanical ventilation
directly were shock (28.8%) and hypoxemic respiratory
failure (23.7%) versus those exposed initially to NIV, whose
respiratory failure was attributed to hypercapnic (47.8%)
and hypoxemic respiratory failure (30.4%). Those with
NIV exposure also had more total ventilator days than
those on invasive mechanical ventilation directly. There
were no significant differences between the groups in sex,
risk for ARDS, and hospital and ICU lengths of stay.
Within the NIV-exposed group, 59.1% (n = 68) were
started on bi-level settings of inspiratory positive airway
pressure (IPAP) = 10 cm H,O and expiratory positive
airway pressure (EPAP) = 5 cm H,0, of whom only 7.4%
(n = 5) had documentation of settings titration. Of the
remaining NIV cohort, 7% (n = 8) were on CPAP only,
33.9% (n = 39) were on varied settings of bi-level positive
airway pressure, with IPAP ranging from 12-25 cm H,O
and EPAP ranging from 6—-12 cm H,0. Median duration
of NIV exposure prior to invasive mechanical ventilation
was 4 h (interquartile range 1.9-9.3). The baseline char-
acteristics of those with brief (53%) and extended (47%)
NIV exposures are detailed in the appendix (see the sup-
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plementary materials at http://www.rcjournal.com). The
characteristics were similar in both groups, except that
more subjects in the extended exposure group were intu-
bated in the ICU compared to the brief exposure group
(44.4% vs 9.8%, P < .001).

Predictors of NIV Exposure and Association of NIV
Exposure on POD+D

Sex, body mass index, and type of respiratory failure
requiring invasive mechanical ventilation were identified
as strongly associated with increased likelihood of NIV
use (Table 2). Race and an increased risk of ARDS were
not predictors of NIV use. In a multivariate logistic re-
gression model of the whole cohort, any NIV exposure
was not associated with risk of POD+D (odds ratio 1.60,
95% CI 0.66-3.87) (appendix; see the supplementary ma-
terials at http://www.rcjournal.com). In an exploratory anal-
ysis modeling the association between number of hours of
NIV exposure prior to invasive mechanical ventilation on
POD+D, there was a small trend toward increased risk of
POD+D with longer exposure to NIV use (odds ratio 1.06,
95% CI 0.996-1.12).

Association of Prolonged NIV and POD+D
Within the group exposed to NIV, a covariate-adjusted
model showed that extended NIV exposure was associated

with a higher likelihood of POD+D compared to those
with brief exposure prior to intubation (odds ratio 4.11,
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Mortality Prediction Model on Admission (MPM,-I11)

Fig. 1. Predicted probability of persistent organ dysfunction and death (POD+D) by the Mortality Probability Model on Admission (MPM,-Ill)
stratified by those who were exposed to noninvasive ventilation (NIV) for = 4 h or > 4 period prior to invasive mechanical ventilation. In this
cohort of critically ill emergency department subjects requiring invasive ventilation for acute respiratory failure, > 4 h exposure to NIV was
associated with an increase in the odds of dying or having significant morbidity during hospitalization. The POD+D model was adjusted for

age, race, reason for respiratory failure, MPM-lll score, risk of ARDS, and days on mechanical ventilation.

95% CI 1.51-11.19) (appendix; see the supplementary ma-
terials at http://www.rcjournal.com). The increased odds
of POD+D associated with extended exposure to NIV
remained prominent through all severities of illness (Fig-
ure 1). Sensitivity analyses showed no interaction between
extended NIV exposure and MPM,,-III mortality score or
between extended NIV exposure and age (data not shown).
Secondary analysis showed that extended exposure to NIV
was associated with higher odds of in-hospital mortality
(odds ratio 4.02, 95% CI 1.51-10.74). There was no as-
sociation between extended NIV use and need for trache-
ostomy placement (Table 3).

Discussion

Our results indicated no association between NIV fail-
ure (ie, any exposure to NIV prior to invasive mechanical
ventilation) and morbidity and mortality; however, an ex-
tended exposure to NIV of > 4 h was associated with
worse patient outcomes. It is important to identify thresh-
olds at which we need to stop NIV and consider other
therapies.?> While previous data indicate that failure of
NIV leads to worse outcomes,!? our results indicate that
not all NIV failures are equal: subjects with longer expo-
sure to NIV prior to needing intubation have poorer out-
comes. We chose to dichotomize our NIV exposure vari-
able around the median to identify a practical point at
which we might consider re-evaluation or intervention for
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Table 3. Outcomes of Emergency Department Subjects With Acute
Respiratory Failure Exposed to Brief NIV or Extended
NIV Prior to Invasive Mechanical Ventilation Within
48 Hours of Presentation*
Outcomes Odds Ratio (95% CI) P
Predictors of POD+D+ 4.11 (1.51-11.19) .006
Mortality at 28 d 2.11(0.95-4.68) .064
Vasopressors at 28 d 2.10 (0.80-5.54) 13
Ventilator at 28 d 1.20 (0.55-2.61) .65
New dialysis at 28 d 0.66 (0.15-2.90) .58
In-hospital mortality 4.02 (1.51-10.74) .006
Tracheostomy placement§ 0.23 (0.004-14.33) 78

Results are from multivariable analysis for subject outcomes (POD+D, in-hospital mortality,
and tracheostomy placement) and from bivariate analysis of the components of POD+D
composite score.

* Brief NIV exposure is = 4 h; extended NIV exposure is >4 h.

T Model 1 adjusted for age, race, reason for respiratory failure, MPM-III, ARDS risk, and
ventilator days; AIC = 141.94, Hosmer Lemeshow goodness of fit P = .95.

# Model 2 adjusted for age, race, MPM-III, ventilator days, and revised Charlson comorbidity
index; AIC = 134.45, Hosmer Lemeshow goodness of fit P = .83.

§ Model 3 adjusted for age, days on ventilator, length of stay, and revised Charlson
comorbidity index; AIC = 15.95; Hosmer Lemeshow goodness of fit P = .94.

NIV = noninvasive ventilation

POD+D = persistent organ dysfunction + death

MPM,-III = mortality probability model on admission (severity of illness)

AIC = Akaike information criterion

future studies. Although our data indicate 4 h of exposure
to NIV therapy as a potential time at which we need to
consider re-evaluating a patient for continued NIV versus
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alternative therapies, larger prospective studies investigat-
ing the optimal threshold or time to intervention are needed.

The increase in mortality associated with NIV failure
has been well established, but our understanding of why
NIV failure occurs in some patients while others do well is
still limited.?¢ Our aim in focusing solely on subjects with
NIV failure earlier in their treatment course was to identify
factors leading to NIV selection and to describe NIV uti-
lization in these cases. Some of the factors associated with
NIV use in our cohort are body mass index and respiratory
failure secondary to altered mental status and shock. Our
data conflict with previous literature reporting that body
mass index > 25 kg/m”® was associated with NIV suc-
cess.?” However, that study was performed primarily in
surgical subjects in the ICU setting. Our emergency de-
partment-based cohort was exposed to NIV at seemingly
default settings of IPAP 10 cm H,O and EPAP 5 cm H,0,
which might not be sufficient in an obese population. Fur-
thermore, unlike the ICU setting, where active NIV and
invasive mechanical ventilation management by dedicated
staff are standard, there was rarely any documented titra-
tion of the initial bi-level settings for our cohort in the
emergency department. Prolonged exposure to NIV with-
out actively setting titration could result in the undertreat-
ment of patients in respiratory distress and could be a
potential source of NIV failure leading to poor outcomes.

Although NIV is widely utilized, there is broad institu-
tional variation. It is not always used for indications with
the strongest evidence, by providers without adequate train-
ing on NIV management, or in sufficiently monitored set-
tings.!!-28-31 Studies with subject data limited to the ICU
setting are less informative and thus less generalizable to
the emergency department setting; more focused analysis
of emergency department-based NIV use and its effect on
downstream patient outcomes are needed. Additionally,
higher rates of NIV failure are seen when NIV is utilized
for conditions with weaker evidence for NIV benefit, such
as pneumonia and asthma,?' as evidenced by the large
number of subjects in our cohort treated with NIV for
hypoxemic respiratory failure. For critically ill patients
presenting to the emergency department, treatment deci-
sions and subsequent care decisions are made by the emer-
gency department team, under the pressure of time and
often with limited information, and these conditions must
be considered when evaluating reasons for poor outcomes
associated with NIV failure.

Another consideration for NIV failure leading to ad-
verse outcomes within our cohort are the low pressures
used for the majority of the NIV users. The settings of
IPAP 10 cm H,O and EPAP 5 cm H,O represent default
settings at our institution, and these settings were used in
the majority of the subjects without documented titration.
The poor outcomes seen with prolonged NIV use may be
more of a reflection of incorrectly titrated NIV and needs
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further study. However, with expanding NIV use in recent
years, it is utilized globally and often without the super-
vision of trained personnel. Our study was specifically
looking at NIV delivered in the emergency department
because the use of NIV in this setting has been increasing
and data regarding its utilization and efficacy are lacking.
In clinical situations like ARDS, which are under-recog-
nized even in the ICU,32-33 where delays in care can lead
to morbidity and mortality, the development of structured
guidelines for emergency department-based NIV utiliza-
tion may be beneficial.

Some strengths of our study include the use of multi-
modal structured data extraction with high validity, which
afforded more comprehensive insight into practice pat-
terns in the emergency department. Despite the retrospec-
tive study design, we were able to elicit subject-level fac-
tors contributing to the decision-making around NIV
initiation. The serial capture of emergency department-
based NIV data and invasive mechanical ventilation prac-
tices assesses patients much earlier in the course of their
respiratory failure, providing some insight into the time-
line to consider for future trials regarding NIV use in
respiratory failure. NIV management appears to be time
sensitive, such that early identification of patients at risk
for NIV failure may prevent adverse outcomes.

Limitations of our study include the lack of more accu-
rate measures of quality and effective NIV use. Given the
retrospective nature of the study, we only know the dura-
tion of NIV use and the settings used, but we have minimal
data on subject adherence or the adequacy of the settings
in terms of providing support, both of which can have a
significant impact on the reason for failure and the deci-
sion to initiate invasive mechanical ventilation. While we
utilized the revised Charlson comorbidity index and a se-
verity of illness calculation with the mortality prediction
model on admission in our analysis to account for some of
the subjects’ pre-morbid status, our models are underfit
because we do not have the granularity in our data to
assess individual patient respiratory function, pre-hospital
care, mask choice when delivering NIV, or secretion care.
We also have to consider the presence of selection bias
associated with the decision to initiation NIV versus in-
vasive mechanical ventilation, which is often incompletely
documented in electronic medical records.

Our study also suggests that delays in intubation might
lead to adverse events, perhaps indicating the need for
intervention earlier in the patient’s course when exposed
to NIV. Prospective multi-center studies on exposure of
NIV starting earlier in the patients’ course in the emer-
gency department might be crucial in determining when
NIV needs to be stopped and alternative therapies consid-
ered. Another aspect of NIV utilization not captured in our
data are the significant variations in practice that stem
from a lack of consensus regarding the benefits of early
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invasive mechanical ventilation when noninvasive alter-
natives are present. Institutional and physician-related char-
acteristics also factor into decisions surrounding NIV use
and the initiation of invasive mechanical ventilation.3* Bet-
ter understanding of predictors of NIV use and failure,
especially in vulnerable populations such as those with
weaker indications for NIV, might mitigate some of this
variation of practice.

Conclusions

While any NIV exposure prior to intubation did not
appear to affect subject morbidity and mortality, in sub-
jects exposed to NIV, > 4 h of NIV exposure had a neg-
ative impact on subject outcomes, suggesting a need for
improved and prompt recognition of NIV failure. While
previous studies have reported that failure of NIV leading
to intubation after = 2 d is detrimental to patient out-
comes, our data suggest that this happens sooner. The
emergency department, where most of the patients with
acute respiratory failure likely reside in the first 4 h of
their hospital course, should be included in future studies
of early recognition of NIV failure and treatment.
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