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Hospitals’ Patterns of Use of Noninvasive
Ventilation in Patients With Asthma
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BACKGROUND: Limited data are available on the use of noninvasive ventilation in patients
with asthma exacerbations. The objective of this study was to characterize hospital patterns of
noninvasive ventilation use in patients with asthma and to evaluate the association with the
use of invasive mechanical ventilation and case fatality rate.

METHODS: This cross-sectional study used an electronic medical record dataset, which includes
comprehensivepharmacyand laboratory results from58hospitals.Dataon13,558patients admitted
from 2009 to 2012 were analyzed. Initial noninvasive ventilation (NIV) or invasive mechanical
ventilation (IMV) was defined as the first ventilation method during hospitalization. Hospital-level
risk-standardized rates of NIV among all admissions with asthma were calculated by using a hi-
erarchical regressionmodel.Hospitalswere grouped into quartiles ofNIV to compare the outcomes.

RESULTS: Overall, 90.3% of patients with asthma were not ventilated, 4.0% were ventilated
with NIV, and 5.7% were ventilated with IMV. Twenty-two (38%) hospitals did not use NIV
for any included admissions. Hospital-level adjusted NIV rates varied considerably (range,
0.4-33.1; median, 5.2%). Hospitals in the highest quartile of NIV did not have lower IMV use
(5.4% vs 5.7%), but they did have a small but significantly shorter length of stay. Higher NIV
rates were not associated with lower risk-adjusted case fatality rates.

CONCLUSIONS: Large variation exists in hospital use of NIV for patients with an acute
exacerbation of asthma. Higher hospital rates of NIV use does not seem to be associated with
lower IMV rates. These results indicate a need to understand contextual and organizational
factors contributing to this variability. CHEST 2016; 149(3):729-736
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In the United States, there are approximately 500,000
annual hospitalizations for asthma exacerbation, and
4% are treated with invasive mechanical ventilation
(IMV).1 Patients requiring IMV have in-hospital death
rates ranging from 15% to 22%.2,3 Mortality associated
with asthma has changed little over the last decade
because of a lack of significant advances in treatment.4

There is strong evidence that noninvasive mechanical
ventilation (NIV) reduces the risk of intubation and
mortality in patients with COPD exacerbations.5-7

The pathophysiology of acute respiratory failure in
asthma is in some ways similar to that of COPD,
providing reasons to believe that NIV could be
successful in patients with acute asthma. However,
data on the efficacy of NIV in asthma exacerbations are
scarce. A systematic review concluded that NIV
730 Original Research
improves patients’ respiratory rate and lung function,
while decreasing hospitalizations, but did not permit any
conclusions regarding its effects on intubation or
mortality.8 The guidelines from the Global Initiative for
Asthma recognize the increase in NIV use in clinical
practice but describe NIV use in patients with asthma
exacerbation as controversial.9

One potential way to understand the impact of NIV
on asthma outcomes would be to assess hospital-level
utilization of NIV and whether hospitals that have
higher use of NIV achieve better patient outcomes. The
present article describes a large observational study that
assessed the hospital patterns of mechanical ventilation
for patients hospitalized with asthma exacerbations. The
relationship between hospital use of NIV and hospital-
level IMV and death rates was also analyzed.
Methods
Study Design and Setting

A cross-sectional analysis was performed by using Cerner’s Health
Facts database, which contains electronic medical records from a
geographically and structurally diverse sample of US hospitals. In
2012, a total of 125 hospitals were included in the database; the
majority of hospitals were urban, 47% were teaching institutions,
and 49% had < 200 beds. Details about the Health Facts database
have been described previously10-12 (e-Appendix 1 provides more
information about the database). We included patients aged $ 18
years admitted from January 2009 to December 2012 with a
principal diagnosis of asthma (International Classification of
Diseases, Ninth Revision, Clinical Modification [ICD-9-CM],13 codes
493.0x, 493.1x, 493.9x, 493.2x, and 493.8x). For coding purposes, a
principal diagnosis of respiratory failure is assigned for patients with
severe presentation of asthma or with respiratory failure
complicating an exacerbation of asthma, including those who are
treated with ventilation; we therefore also included patients with a
principal diagnosis of acute respiratory failure (ICD-9-CM codes
518.81, 518.82, 518.84, and 518.4) and a secondary diagnosis of
asthma. To ensure that patients were treated for an acute asthma
exacerbation, the cohort was restricted to patients treated with short-
acting bronchodilators and systemic steroids.

Patients without laboratory results were excluded because these
variables were used to calculate the severity-of-illness score at
admission. We also excluded the following: patients with no
medication data, because treatment variables were used to define the
cohort; patients with OSA because it is not possible to differentiate
chronic use of NIV from treatment for acute respiratory failure; and
patients who were transferred from or to another hospital.

To provide stable hospital rate estimates and avoid distortion of
rates of NIV and IMV due to small sample sizes in the context of
low use of NIV, we calculated that for a 5% rate of NIV use, 45
admissions would give a hospital a 90% chance of having at least
one patient treated with NIV; we thus restricted the analysis to
hospitals with $ 45 admissions. Data on characteristics of patients
and hospitals excluded from analysis are provided in e-Table 1.

The institutional review board at Baystate Medical Center Committee
determined that the project was not considered to be Human Subjects
Research as defined by the Office of Human Research Protections
(institutional review board project 431812-2).

Patient and Hospital Information

Patient data included sociodemographic characteristics, comorbidities,
admission for asthma and use of NIV or IMV in the prior year, and
coexistent pneumonia. Comorbidities were assessed by using the
Healthcare Cost and Utilization software14 and the combined
Charlson/Romano/Gagne comorbidities software.15 To assess the
severity of asthma at admission, the Laboratory-based Acute
Physiology Score (LAPS) was calculated; this score integrates
information from 14 laboratory tests recorded at admission
(including the arterial blood gas) into a single continuous variable.
The LAPS is similar to other acuity scores that predict mortality and
was internally and externally validated.16-18

Information on several hospital characteristics (including number of
beds, teaching status, if the hospital serves a rural or urban
community, and its geographical region) was collected.

NIV and IMV

The primary variable of interest was the initial ventilation, NIV or
IMV, defined as the first method of ventilation used during
hospitalization. ICD-9-CM procedure codes were used to define NIV
and IMV exposure (ICD-9-CM code 93.90 for NIV; ICD-9-CM
codes 96.04 and 96.70-96.72 for IMV). Of note, the ICD-9-CM
codes do not differentiate between CPAP and bilevel pressure
ventilation.

Outcomes

The primary study outcomes were hospital-level risk-standardized (RS)
rates of initial NIV or initial IMV, in-patient case fatality rate, and
length of stay (in hours). NIV failure was defined as IMV used after
NIV; we also report on a combined outcome of NIV failure or death
following NIV.

Statistical Analysis

Descriptive statistics included frequencies and percentiles for
categorical factors, and means and percentile distributions for
continuous factors. For each hospital, the rates of ventilation among
all admissions with an asthma exacerbation were calculated.
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To estimate hospital-level RS NIV rates, the statistical modeling
techniques utilized by the Centers for Medicare & Medicaid Services
for reported readmission and mortality rates were used.19,20 We
developed hierarchical generalized logistic models with hospital-level
random effects to account for the clustering of patients within
hospitals; we adjusted for patient characteristics, the LAPS score, and
hospital characteristics as fixed effects. This approach simultaneously
accounts for the variance in patient outcomes within and between
hospitals. RS-NIV was calculated as the ratio between the hospital-
predicted and hospital-expected NIV rate, multiplied by the overall
unadjusted NIV rate for all admissions. Similar methods were used
N = 24,372 admissions
≥ 18 years of age with eligible
ICD-9-CM code for asthma

Admissions from 97 hospitals
(N = 14,053)

Admissions from 58 hospitals
(N = 13,588)

Excluded from 39 hospitals with
< 45 eligible admissions

(N = 465)

Excluded: (N = 10,653)
 - 3,286 OSA
 - 1 with facial trauma
 - 9 in hospital with < 5 beds
 - 40 in nonacute hospitals
 - 5,044 with laboratory tests
    with  no numeric results
 - 4,210 with no medication data
 - 700 with unknown dispositions
 - 422 transfers in from another
    hospital
 - 713 transfers out to another
    hospital

Figure 1 – Study cohort flowchart.
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to calculate the hospital RS-IMV rate and the hospital RS-mortality
rate. For the mortality outcome, to avoid survival bias, one random
admission was selected if the patient had multiple admissions.

The correlations between the hospital RS-NIV rates and RS-IMV and
RS-case-fatality rates were evaluated by using the Spearman correlation
coefficient. We also grouped hospitals into quartiles of the initial
RS-NIV rate and compared initial RS-IMV, RS-case-fatality rates,
and RS-length of stay across quartiles of RS-NIV by using the
Kruskal-Wallis test and Cuzick’s test for trend.21 Stata/MP version
13.1 for Windows (StataCorp LP) was used for statistical analyses.
Results

Hospital and Patient Characteristics

After applying patient-level exclusion criteria and
restricting analysis to hospitals with < 45 eligible
encounters, the cohort for analysis included 13,588
admissions from 58 hospitals (Fig 1) (e-Table 1
provides data about hospitals and patients excluded
after applying the cut-off of minimum 45 admissions
with asthma). All 58 hospitals were urban, 62% were
teaching hospitals, and 50% had between 200 and 499
beds. The median volume of admissions with asthma
per hospital over the study period was 325 (200-445).
The median age of the study population was 52 years,
79.9% were female, 53.4% were white, and the median
LAPS score was 26 (20-38). The median length of stay
was 73 (44-120) hours, and 1.2% patients died during
hospitalization.

Of all hospitalizations with an acute exacerbation of
asthma, 90.3% were not ventilated, 546 (4.0%) were
initially treated with NIV, and 774 (5.7%) were treated
with IMV; only 4.9% of patients ventilated with NIV
experienced NIV failure. Overall, 38.0% of patients
treated with NIV and 73.0% of those treated with
IMV had a primary diagnosis of acute respiratory failure
and a secondary diagnosis of asthma. Among patients
treated with NIV, the majority (79.1%) were admitted to
the regular medical ward, 4.4% to a step-down unit, and
16.5% to the ICU. The in-hospital case-fatality rate was
0.3% in patients who were not ventilated, 2.6% in those
treated with NIV, and 15.6% in those treated with IMV.
Among the 27 patients with NIV failure (started on
NIV and later intubated), in-hospital mortality was
21.4%; when defining NIV failure as intubation or death
(n ¼ 35), mortality was 40%.

The use of NIV as the first method of ventilation
increased during the study period from 2.3% in 2009
to 4.8% in 2012.

Hospital Use of NIV and IMV

The unadjusted initial NIV hospital rates ranged from
a minimum of 0% to a maximum of 16.3%, with an
unweighted mean of 3.4%. Overall, 36% (n ¼ 21) of the
hospitals did not use NIV in any admission with asthma
during the study period. The initial IMV rate varied
between 0% and 14.5%, with a mean of 5.0% (Fig 2).

Hospital initial RS-NIV rates ranged from 0.4% to 33.1%
with a median of 5.2%, and hospital initial RS-IMV rates
ranged from 3.5% to 10.1% with a median of 5.6%. The
likelihood ratio tests comparing the hierarchical models
predicting initial NIV or initial IMV versus a logistic
regression model that did not use hospitals as random
effects were significant (P < .001), indicating that there
was significant variation at the hospital level in the use of
either ventilation type. No significant difference was
731
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Figure 2 – Distribution of observed initial NIV and IMV rates among
hospitals included in the analysis. IMV ¼ invasive mechanical venti-
lation; NIV ¼ noninvasive ventilation.
observed among hospital characteristics and either RS-
NIV or RS-IMV. Using the variance F test, there was
more variation in RS-NIV overall compared with RS-IMV
(P < .001) (Table 1). Table 2 illustrates that patient
demographic characteristics and LAPS scores did not
differ according to hospital quartiles of NIV rates. Patients
admitted to hospitals with higher rates of NIV use were
more likely to have received NIV during an admission to
the same hospital in the year prior.We found no difference
in the initial admission venue (ICU, step-down unit, or
general ward) for patients treated with NIV.

Relationship Between Hospital RS Initial NIV Rates
and Outcomes

There was no significant correlation between the
hospital initial RS-NIV rate and the hospital RS-initial
TABLE 1 ] RS Initial Ventilation Rates According to Charac

Overall
No. of

Hospitals

Hospital size

< 199 beds 18

200-499 beds 29

$ 500 beds 11

Teaching status

Teaching hospital 36

Nonteaching hospital 22

Region

Midwest 11

Northeast 21

South 21

West 5

IMV ¼ invasive mechanical ventilation; IQR ¼ interquartile range; NIV ¼ noni
aRefers to the first method of ventilation during hospitalization.
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IMV rate (rho ¼ –0.10; P ¼ .45). There was a modest,
nonsignificant negative correlation with RS-NIV and
the RS-case-fatality rate (rho ¼ –022; P ¼ .09) (Fig 3).

Outcomes stratified according to RS-NIV quartiles are
shown in Table 3 and e-Figure 1. There was no clear
pattern of RS-IMV use across RS-NIV quartiles, and
hospitals in the highest quartile of RS-NIV did not have
lower RS-IMV use (median quartile 4 vs quartile 1,
5.4% vs 5.7%; P ¼ .60). Hospitals with higher use of NIV
did have lower adjusted length of stay (P value for
trend ¼ .01). There was no statistically significant
decline in RS-case-fatality across RS-NIV quartiles (test
for trend, P ¼ .10).

Comparing mean values in the highest quartile of
RS-NIV use versus the lowest, there was an absolute
difference in total ventilation of 19.5%, implying
that approximately an additional 20 of 100 patients
underwent ventilation in these hospitals. Moreover,
there was a substantial, nonlinear increase in the
RS-total rate of initial ventilation. The rate in the
highest quartile of RS-NIV was 3.8 times the rate in
the lowest quartile and 1.8 times the rate of the third
highest quartile.
Discussion
In this large observational study of > 13,000
admissions with an asthma exacerbation, we found
a wide variation in the use of NIV among a diverse
group of hospitals in the United States. Twelve
hospitals (21%) had RS NIV rates < 1.0%, whereas
14 (24%) had RS rates > 15%. Notably, we observed
teristics of Hospitals Included in the Analysis

% RS-Initial NIV,a

Median [IQR]
% RS-Initial IMV,a

Median [IQR]

4.4 [1.3-9.9] 5.5 [4.9-6.6]

4.0 [1.1-16.1] 5.7 [4.7-6.5]

8.7 [0.7-8.9] 5.6 [4.2-6.9]

4.3 [1.3-15.8] 5.6 [4.6-6.7]

6.2 [1.1-13.2] 5.7 [4.9-6.6]

8.8 [0.9-18.1] 5.7 [4.9-6.8]

4.0 [1.3-15.6] 5.5 [4.7-6.6]

4.6 [1.3-9.9] 5.2 [4.9-6.6]

5.8 [1.3-9.1] 6.0 [5.7-6.3]

nvasive ventilation; RS ¼ risk-standardized.
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TABLE 2 ] Patient Characteristics According to Quartiles of RS Initial NIV

Characteristic

Quartiles of Hospital RS Initial NIVa
P Value
for TrendQuartile 1 Quartile 2 Quartile 3 Quartile 4

Age (median, IQR), y 56 [54-58] 54 [51-60] 53 [49-55] 55 [51-58] .23

Female 74 [70-76] 74 [69-78] 73 [68-75] 74 [72-76] .87

Black 13 [6-43] 24 [12-45] 18 [5-55] 13 [4-30] .67

Patients with no
admissions at 1 y

68 [66-71] 74 [67-78] 67 [62-74] 69 [62-70] .50

Congestive heart failure 15 [11-16] 12 [4-13] 9 [6-11] 12 [7-15] .07

Valvular disease 4 [3-5] 3 [2-5] 3 [2-4] 3 [2-6] .64

Peripheral vascular disease 3 [1-3] 2 [1-4] 2 [1-3] 2 [1-3] .33

Neurologic disorders 6 [4-7] 6 [3-8] 5 [3-7] 5 [4-7] .43

Chronic pulmonary disease 13 [8-16] 10 [5-19] 8 [5-13] 13 [9-17] .79

Diabetes with no chronic
complications

23 [20-29] 22 [20-26] 21 [19-22] 20 [15-23] .07

Renal failure 6 [5-7] 7 [2-9] 4 [3-5] 7 [1-8] .27

Obesity 16 [13-22] 17 [11-22] 17 [12-20] 17 [13-22] .86

Deficiency anemia 11 [8-15] 9 [4-11] 8 [5-9] 10 [8-13] .38

Depression 10 [5-18] 12 [3-17] 15 [9-18] 9 [8-23] .58

Hypertension 45 [34-56] 47 [32-56] 44 [34-54] 45 [26-56] .59

Prior IMV within 12 mo 2 [1-4] 1 [0-2] 4 [0-5] 2 [1-5] .96

Prior NIV within 12 mo 0 [0-0] 0 [0-1] 3 [2-6] 5 [4-7] < .001

Pneumonia present
on admission

11 [9-15] 11 [6-13] 9 [7-14] 8 [6-10] .07

LAPS 30 [29-31] 30 [28-33] 30 [29-32] 32 [29-34] .13

pH 7.36 [7.34-7.37] 7.38 [7.32-7.38] 7.36 [7.33-7.40] 7.37 [7.34-7.39] .57

PaCO2, mm Hg 46 [44-52] 46 [44-53] 46 [44-49] 49 [44-51] .98

PaO2, mm Hg 133 [106-161] 122 [109-128] 128 [114-183] 132 [108-148] .89

Oxygen saturation, % 96 [96-98] 97 [96-97] 96 [95-97] 96 [95-97] .05

Prior IMV within 12 mo 2 [1-4] 1 [0-2] 4 [0-5] 2 [1-5] .96

Prior NIV within 12 mo 0 [0-0] 0 [0-1] 3 [2-6] 5 [4-7] < .001

Admission to ICU 5 [1-11] 4 [1-8] 6 [0-11] 5 [0-11] .74

Admission to ICU or
step-down unit

7 [1-11] 4 [1-8] 6 [0-17] 5 [0-16] .75

Numbers in each row express the median and IQR. LAPS ¼ Laboratory-based Acute Physiology Score. See Table 1 legend for expansion of other
abbreviations.
aRefers to the first method of ventilation during hospitalization.
that hospitals with higher rates of NIV did not
have lower rates of IMV, and their overall rates of
ventilation (NIV and IMV) were higher. This finding
suggests that NIV was not being used in place of
IMV but rather that hospitals were expanding the use
of ventilatory assistance and lowered the threshold
for initiating NIV. There was no association between
hospital initial RS-NIV rates and hospital RS-case-
fatality rate, although the P value for trend was
borderline nonsignificant and mortality was rare,
making it hard to detect significant variations.
journal.publications.chestnet.org
Despite weak evidence on efficacy, there was an
increased use of NIV in patients hospitalized with
asthma exacerbation. A study using data from the
Nationwide Inpatient Sample from 2000 to 2008 found
that the utilization of NIV in admissions with asthma
had increased from 0.3% to 1.9% (a fivefold increase).22

Our study conducted at the hospital level showed further
increases in the NIV use to 2011. The growing use of
NIV in patients with asthma should be understood in
the context of the rapid increase in NIV use in patients
with acute respiratory failure of any etiology, although
733

http://journal.publications.chestnet.org


R
is

k-
S

ta
nd

ar
d

iz
ed

 In
it

ia
l I

M
V

 R
at

e
10%

6%

8%

4%

2%

0%

0.
4%

 to
 1

.1
%

1.
2%

 to
 4

.6
%

5.
8%

 to
 1

3.
2%

14
.1

%
 to

 3
3.

1%
R

is
k-

S
ta

nd
ar

d
iz

ed
 C

as
e 

Fa
ta

lit
y 

R
at

e

Risk-Standardized NIV Rate by Quartile

2.0%

1.6%

1.8%

1.4%

1.2%

1.0%

0.
4%

 to
 1

.1
%

1.
2%

 to
 4

.6
%

5.
8%

 to
 1

3.
2%

14
.1

%
 to

 3
3.

1%

Figure 3 – Correlation between risk-standardized initial NIV and risk-standardized initial IMV rate and in-hospital case fatality rate. See Figure 2
legend for expansion of abbreviations.
strong evidence for its efficacy exist only for a few
conditions.23 In addition, physicians may initiate NIV
during an asthma exacerbation, recognizing the
resemblances with a COPD exacerbation.

The large variation across hospitals in the use of NIV in
patients with an asthma exacerbation was not explained
by hospital characteristics or the hospitals’ case mix,
suggesting that the source of variation may be at the
institution and/or provider level. Variation in practices of
TABLE 3 ] Hospital RS Rates of IMV, Case-Fatality Rate, an

Characteristic

RS Initial

Quartile 1 Quartile 2

RS-initial NIV,a % 0.6 [0.5-0.7] 1.5 [1.3-2.5] 8.

RS- initial IMV,a % 5.4 [4.9-7.5] 5.7 [4.5-6.6] 5.

RS-total IMV, % 5.6 [5.0-7.5] 5.9 [4.6-6.8] 5.

RS-case fatality rate, % 1.4 [1.2-1.5] 1.3 [1.2-1.4] 1.

RS-LOS, h 102 [98-113] 106 [95-113] 9

Numbers in each row express the median and IQR. The Kruskal-Wallis test was
ranks the values rather than computes a mean) versus the hypothesis that at lea
LOS ¼ length of stay; NA ¼ not applicable. See Table 1 legend for expansion o
aRefers to the first method of ventilation during hospitalization.
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NIV use across hospitals has been reported in COPD and
in acute decompensation of heart failure.24,25 A large
study of NIV use among patients hospitalized with COPD
between 2009 and 2011 found that the interquartile range
of initial NIV was 10.2% to 19.4% versus 2.3% to 6.4% for
initial IMV among all patients hospitalized with COPD.24

In contrast to our study, hospitals with greater use of NIV
for COPD had lower rates of IMV. In the absence of
strong evidence regarding the comparative effectiveness of
NIV use versus other ventilation strategies (including
d LOS According to Quartiles of RS Initial NIV

NIV P Value
(Kruskal-Wallis

Test)
P Value
for TrendQuartile 3 Quartile 4

8 [7.8-9.1] 18.1 [16.1-22.6] NA NA

5 [5.0-6.6] 5.7 [4.9-6.2] .95 .58

7 [5.2-6.7] 5.9 [5.2-6.7] .99 .83

3 [1.2-1.5] 1.2 [1.2-1.4] .41 .10

1 [84-95] 94 [78-112] .02 .01

used to compare all 4 quartiles. It tests if the 4 quartiles are the same (it
st one is different. The P value test for trend assessed all 4 quartiles as well.
f other abbreviations.
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usual care, high-flow oxygen, and IMV), the likelihood
of a patient with asthma being treated with NIV seems
primarily dependent on the hospital to which the patient
is admitted.

One possible reason for the variability in institutional
and/or provider practices is the limited evidence
regarding the efficacy of NIV in asthma and the
uncertainty of the guidelines on NIV use. Single-center
studies that have described NIV use in asthma included
a heterogeneous population from moderate asthma
attacks to status asthmaticus,26,27 and they reported a
large range of use of NIV.28-30 Hospital-level factors
(including hospital use of NIV for conditions that
have stronger evidenced-based recommendations
such as COPD or acute pulmonary edema, presence of
respiratory therapists, and availability of NIV devices)
may all influence the use of NIV in asthma. Greater
familiarity and comfort with NIV at certain hospitals,
high rates of use in COPD or other respiratory
conditions, and the appropriate infrastructure may
explain our findings that the hospital in which the
patient was treated had a significant association with the
type of ventilation received. Supporting this hypothesis
is the fact that patients admitted at hospitals with higher
rates of NIV use were more likely to have received NIV
in a prior admission.

Death is rare in the large majority of patients
hospitalized with an asthma exacerbation, but those
who are intubated and mechanically ventilated have a
high death rate, ranging from 16% to 22%.2,3 In the
present study, there was no significant survival benefit
for hospitals with a higher use of NIV, which is
understandable given the lack of decrease in the use
of IMV. NIV could have been used inappropriately in
this not well-defined population; it is possible that those
patients who quickly underwent intubation should not
have received NIV initially but also that some patients
could have fared well without any NIV. Because the
use of IMV in patients with asthma is associated with
increased morbidity and mortality,2,3 and that there is a
rationale for the use of NIV in asthma,30 randomized
controlled trials should explore if there is a benefit of
using NIV in selected patients with asthma.

Our study had several strengths. The multihospital
electronic health record dataset contains laboratory
results and medications, and we calculated a severity
illness score that included results of arterial blood gas
measurements to adjust for differences in patient case
journal.publications.chestnet.org
mix. Only patients treated with bronchodilators and
steroids were studied to increase the likelihood of
including only patients with at least moderate
exacerbation of asthma. We restricted the analysis to
hospitals with a minimum of 45 admissions to obtain
more stable estimates of hospital rates, and we calculated
hospital RS-outcome rates accounting for variance in
patient outcomes within and between hospitals.

The results of this study need to be interpreted in the
context of several limitations. First, ICD-9-CM
diagnostic codes were used for selecting patients with
asthma. To identify patients with asthma, we included
the principal diagnosis of asthma and the principal
diagnosis of acute respiratory failure with a secondary
diagnosis of asthma. Although we reduced the chance
of misclassification of the diagnosis by only including
patients treated with steroids and bronchodilators, our
classification strategy has not yet been validated. Second,
to assess ventilation type, ICD-9-CM procedure codes
were used, and there may be variation in coding across
hospitals. We have validated the NIV procedure codes
by retrospective chart review of 200 patients with acute
respiratory failure from 2010 to 2011. The ICD-9-CM
codes had a sensitivity of 86% (95% CI, 81-92) and a
specificity of 92% (95% CI, 84-98).31 Third, the ICD-
9-CM procedure codes do not differentiate the mode of
NIV used (CPAP or bilevel pressure ventilation). Fourth,
although our regression models adjusted for illness
severity, the potential of unmeasured patient and
hospital-level confounders remain. Nevertheless, the
hospital-level analysis is less likely to be affected by
confounding by indication, and patient case mix
differences between hospitals would have to be large to
change the results. Lastly, the hospitals included in the
Cerner Health Facts dataset tended to be larger teaching
hospitals in an urban environment that invested in an
electronic medical system between 2009 and 2012. Thus,
our results may not be applicable to all hospitals in the
United States and particularly to those with low number
of admissions for asthma.
Conclusions
We found a wide variation in the hospital use of NIV
for patients with an acute exacerbation of asthma; the
increase in NIV use in this population does not seem
to be associated with a reduction in IMV use. These
results indicate a need to understand contextual and
organizational factors contributing to this variability.
735
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