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Trends in Mechanical Ventilation Among Patients
Hospitalized With Acute Exacerbations of COPD in
the United States, 2001 to 2011

Mihaela S. Stefan, MD, Meng-Shiou Shieh, PhD, Penelope S. Pekow, PhD, Nicholas Hill, MD, FCCP,
Michael B. Rothberg, MD, MPH, and Peter K. Lindenauer, MD

BACKGROUND: The use of noninvasive ventilation (NIV) in acute exacerbation of COPD has
increased over time. However, little is known about patient factors influencing its use in rou-
tine clinical practice.

METHODS: This was a retrospective cohort study of 723,560 hospitalizations for exacerbation
of COPD at 475 hospitals between 2001 and 2011. The primary study outcome was the initial
form of ventilation (NIV or invasive mechanical ventilation [IMV]). Hierarchical generalized
linear models were used to examine the trends in ventilation and patient characteristics asso-
ciated with receipt of NIV.

RESULTS: After adjusting for patient and hospital characteristics, initial NIV increased by
15.1% yearly (from 5.9% to 14.8%), and initial IMV declined by 3.2% yearly (from 8.7% to
5.9%); annual exposure to any form of mechanical ventilation increased by 4.4% (from 14.1%
to 20.3%). Among case subjects treated with ventilation, those aged =85 years had a 22%
higher odds of receiving NIV compared with those aged <65 years, while blacks (OR, 0.86)
and Hispanics (OR, 0.91) were less likely to be treated with NIV than were whites. Cases with
a high burden of comorbidities and those with concomitant pneumonia had high rates of NIV
failure and were more likely to receive initial IMV. Use of NIV increased at a faster rate among
the admissions of the oldest patients relative to the youngest.

CONCLUSIONS: The use of NIV for COPD exacerbations has increased steadily, whereas IMV

use has declined. Several patient factors, including age, race, and comorbidities, influenced the

receipt of NIV. Further research is needed to identify the factors driving these patterns.
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COPD is responsible for approximately 1 million
admissions annually to US hospitals and is the third
most common cause of death in the United States.!2 In
patients hospitalized for an acute exacerbation of
COPD (AE-COPD), usual care consists of supplemental
oxygen, bronchodilators, corticosteroids, and antibiotics;
in severe cases, ventilatory support with noninvasive
ventilation (NIV) or invasive mechanical ventilation
(IMV) is required.

Multiple small randomized controlled trials and two
meta-analyses have demonstrated that, when added to
standard therapy, NIV reduces the need for IMV and
improves survival in carefully selected patients with acute
respiratory failure caused by COPD.*¢ Consequently,
NIV has been endorsed by several national and inter-

national societies as a first-line treatment in these
patients.” Information about the use of NIV is
beginning to emerge, and several studies have reported
an increase in NIV use in patients with COPD
worldwide.10-13

Little is known, however, about the patient characteris-
tics associated with NIV use in routine clinical practice
and whether factors such as age, sex, race, and comor-
bidities influence the likelihood that a patient will receive
NIV or IMV as an initial ventilation therapy. Using data
from a geographically and structurally diverse sample
of US hospitals, we examined decade-long trends (2001-
2011) in the use of NIV and IMV among patients hospi-
talized for an AE-COPD and assessed the influence of
patient factors on receipt of NIV and IMV.

Materials and Methods
Design, Study Setting, and Subjects

We used data from the Premier Inpatient Database, a dataset that
has been used extensively for health services research''5; its details
have been described previously.'¢!7 In brief, this dataset contains a
date-stamped log of all items and services charged to the patient or
his/her insurer, including medications, laboratory, and ventilation
therapies at the individual patient level. Hospitals in the dataset rep-
resent all regions of the United States, are predominantly small- to
medium-sized nonteaching facilities, and serve mostly urban patient
populations.

We included hospitalizations of patients =40 years of age with a
principal discharge diagnosis of COPD (International Classification of
Diseases, Ninth Revision [ICD-9] codes 491.21, 492.22, 491.8, 491.9, 492.8,
496) or a principal diagnosis of acute respiratory failure (ICD-9 codes
518.81, 518.82, 518.84) paired with a secondary diagnosis of COPD
who were discharged between January 1, 2001, and June 30, 2011.
We excluded admissions transferred from or to another facility
(because we did not have information about their initial ventilation
therapy or outcomes), hospitalizations of <2 days, admissions to a
hospice bed, and those with a diagnosis of OSA because we could not
distinguish whether NIV was used for sleep apnea or for acute respi-
ratory failure.

For each admission, we recorded demographic information, insurance
coverage, number of COPD admissions in the previous year, and diag-
nosed comorbidities. We calculated a single numeric comorbidity score
using the method described by Gagne et al,'s and grouped this score
into tertiles for analysis. For each hospital, we assessed the number of
beds, teaching status, whether it served an urban or a rural population,
and geographic region. We included only hospitals that were in the Pre-
mier dataset for a minimum of a full year between 2001 and 2011 and
had patients eligible for the study.

Outcomes

The primary study outcome was the initial form of ventilation (NIV or
IMV) administered at any point during the hospital course. We defined
NIV failure as transition to IMV after an initial period of NIV. An addi-
tional composite outcome was defined as NIV failure or death.

Administration of NIV and IMV was identified using two approaches.
First, we reviewed ICD-9 procedure codes and the date associated with

the receipt of each procedure. Second, we used charges generated by the
respiratory therapist for NIV or IMV use. We considered a patient to
have received NIV or IMV during the admission if there was an ICD-9
procedure code or a charge for the procedure or service. We validated
this approach in a single hospital chart audit of 200 patients hospital-
ized with a diagnosis of acute respiratory failure between 2010 and
2012. We found that ICD-9 procedure codes had a sensitivity of 86%
for identifying NIV use, compared with 99% when both ICD-9 and
respiratory therapist charge codes were used. Specificity for NIV use
was 96% for both procedure and billing codes.!

Data Analysis

We calculated summary statistics at the admission level for all variables,
using frequencies and proportions for categorical data, and means,
medians, and interquartile ranges for continuous variables. Hierarchi-
cal generalized linear models with a random hospital effect using SAS
PROC GLIMMIX (SAS Institute Inc) were used to examine relative
changes over time in the use and outcomes of NIV and IMV while con-
trolling for several patient and hospital characteristics. The population
at risk varied with the outcome. We modeled the use of any ventilation,
initial NIV, and initial IMV among all admissions (all admitted patients
eligible to receive ventilation therapy) to evaluate trends over time
in the use of ventilation and type of ventilation. The use of NIV as the
initial ventilation method as a percentage of all ventilation starts was
modeled among admissions of patients receiving ventilation to evaluate
the relative change over time in the choice of ventilation mode. NIV
failure, defined as transition to IMV after a trial of NIV, as well as a
composite outcome of NIV failure or death was modeled among admis-
sions started on NIV (eligible for NIV failure) to evaluate trends in out-
come following initial NIV use. Year was included as a linear term in
all models.

Initial models included prespecified interaction terms of patient char-
acteristics with study year (2001-2011) to identify trends in ventilation
use related to patient characteristics that were significantly associated
with ventilation outcomes. Interaction terms with P> .05 were dropped
from the final models.

All analyses were performed using the Statistical Analysis System
(version 9.3; SAS Institute Inc) and STATA (Stata Statistical Software,
release 12; StataCorp LP). Because the data do not contain identifi-
able information, the institutional review board at Baystate Medical
Center determined that this study did not constitute human subjects
research.
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Results

Patient and Hospital Characteristics

A total of 723,560 hospitalizations with an AE-COPD
from 475 hospitals were included. The median age at
admission was 70 years (interquartile range, 61-79 years),
60% of admissions were women, and 72% were white.
The median Gagne comorbidity score was 2 (interquar-
tile range, 1-3), and the most common comorbidities
were hypertension, heart failure, and diabetes. One-third
of the cases had had at least one admission for COPD
during the prior year, and 18% of admissions had a con-
comitant diagnosis of pneumonia present at admission.
Approximately one-half of the admissions were to hos-
pitals located in the south, 68% were to nonteaching
facilities, and 84% were to hospitals located in urban
areas (Table 1).

Use of NIV and IMV Between 2001 and 2011

Overall, in 18.2% of admissions, patients were mechani-
cally ventilated (IMV or NIV) at some point during
their hospitalization; in 10.6% of admissions, patients
were initially started on NIV (59.2% of all admissions
with ventilation); in 7.3% of admissions, patients were
started on IMV; in a small number of admissions (0.4%),
the order of ventilation could not be determined. In all,
16.6% of the admissions initially started on NIV resulted
in subsequent intubation (ie, NIV failure).

Trends in the Use of NIV and IMV
Between 2001 and 2011

After adjusting for changes in hospital and patient char-
acteristics during the years under study, exposure to
any form of mechanical ventilation had a relative increase

of 4.4% annually (from 14.1% in 2001 to 20.3% in 2011).

The annual rate of initial NIV increased on average by
15.1% (from 5.9% to 14.8%); use of initial IMV declined
an average 3.2% per year (from 8.7% to 5.9%); and by
2004, the rate of initial NIV was higher than that of ini-
tial IMV (Fig 1). Between 2001 and 2011, the percentage
of ventilator starts that were noninvasive increased by
an average of 8.0% per year (from 39.9% to 71.7%), and
the annual rate of NIV failure declined by 0.7% (from
17.9% to 16.7%). Patient characteristics and ventilation
management over time are described in e-Table 1.

Patterns of Ventilation Use According
to Patient Characteristics

After adjusting for other patient and hospital character-
istics, older patients (aged =75 years) were significantly
less likely than the youngest patients (40-64 years of
age) to receive any form of mechanical ventilation, and

journal.publications.chestnet.org

TABLE 1 | Characteristics of Admissions for
Exacerbation of COPD, 2001 to 2011

Characteristic No. %
Total COPD admissions 723,560 100.00
Patient characteristics
Female 431,455 59.63
Age
<65y 242,196 33.47
65-74y 210,980 29.16
75-84 y 198,120 27.38
=85y 72,264 9.99
Race/ethnicity
White 524,328 72.47
Black 73,703 10.19
Hispanic 26,010 3.59
Other 99,519 13.75
Comorbidity score
Low: =1 312,439 43.18
Median: 2-3 233,775 32.31
High: =4 177,346 24.51
Concomitant pneumonia 128,464 17.75
No. COPD admissions in
prior year
None 497,223 68.72
1 125,365 17.33
2 48,797 6.74
=3 52,175 7.21
Hospital characteristics
Bed size
Small (<200) 136,463 18.86
Medium (200-400) 301,069 41.61
Large (>400) 286,028 39.53
Region
Midwest 144,208 19.93
Northeast 131,441 18.17
South 355,285 49.10
West 92,626 12.80
Population served
Rural 118,473 16.37
Urban 605,087 83.63
Teaching hospital 229,546 31.72

when ventilated, were more likely to be started on NIV;
NIV failure was lower in older patients compared
with the youngest, but there was no difference in the
combined outcome of NIV failure or death. Over the

10 years of the study, the use of NIV increased faster

in older, relative to the youngest, patients by a factor of
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Figure 1 - Trends in initial ventilation
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1.02 times per year, whereas the use of IMV decreased
more among the oldest relative to the youngest by a
factor of 0.99 times per year. For example, in 2001, the
oldest patients were 44% less likely than the youngest
to be started on NIV (OR, 0.56), but by 2011, they were
32% less likely to be started on NIV (OR, 0.68) (e-Fig 1,
Table 2).

In 2001, compared with admissions of white patients,
Hispanics were less likely to receive any ventilation
(OR, 0.89). In contrast, blacks were more likely than
whites to be ventilated (OR, 1.11 in 2001) and were
more likely to be started on IMV (OR, 1.20 in 2001).
However, across the 10-year period, the use of IMV
decreased among black relative to white patients and
increased among Hispanic relative to white patients, so
that by 2011, use was similar in Hispanic and white
patients (e-Fig 2, Table 2). NIV failure rates were similar
across race groups.

Admissions of patients with high levels of comorbidity
(Gagne comorbidity score = 4) were four times more
likely to lead to any form of ventilation compared with
those of patients with the lowest levels of comorbidity
(Gagne comorbidity score =1) in 2001. Among hospi-
talizations with ventilation, those of patients with high
comorbidity scores were less likely to lead to NIV
starts and more likely to have NIV failure than were
those of patients with lower comorbidity burdens.
Although NIV use increased over time in all hospitali-
zations, the annual rate of increase among those with
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a higher comorbidity burden was lower than in those
with the lowest comorbidity burden. For example,
patients with a high comorbidity score were 4.04 times
more likely to be ventilated in 2001 than those with
low score, but only 2.98 times more likely to get venti-
lated than those with a low score in 2011 (e-Figs 3, 4,
Table 2).

Compared with admissions without pneumonia, those
with AE-COPD and pneumonia were more likely to
lead to any ventilation, especially IMV initiation, and to
experience NIV failure. Over the 10-year study period
overall ventilation use decreased among admissions of
COPD with concomitant pneumonia, whereas ventila-
tion use increased among those without pneumonia,
although overall odds of ventilation were still higher in
those with pneumonia than in those without (OR = 1.57
in 2011). Although NIV use increased among both
groups of patients, the rate of increase was greater
among those without pneumonia. At the same time,
IMV use decreased in both groups, but the rate of
decline was greater among admissions of pneumonia
patients. (Fig 2, Table 2)

Discussion

The results of this large observational study of hospi-
talizations of patients with COPD demonstrate a
steady and dramatic increase in the use of NIV, a sub-
stantial decline in the use of IMV, an overall increase

in the use of mechanical ventilation, and a slight decrease
in the frequency of NIV failure. Advanced age, race,
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NIV Failures/Patients on NIV
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1.02 (1.01-1.03)
1.02 (1.01-1.03)

Variable

adjusted for year, sex, age group, race, combined comorbidity score, concomitant pneumonia, COPD prior admission, and hospital characteristics (ie, number of beds, teaching status, urban/rural geographical area).
Initial models evaluated interaction terms for year with sex, age group, race, comorbidity score, concomitant pneumonia, and prior COPD admissions. Nonsignificant interaction terms (P> .05) were dropped from

Data are presented as OR (95% CI). Ventilation type refers to the ventilation therapy administered during admission. Patient population refers to the population eligible for each type of ventilation. All models were
final models reported here. For NIV proportion and NIV failure, we also adjusted for annual hospital ventilation rate. Main effect OR estimates apply to baseline year 2001. Multiply by the year interaction effect for
each subsequent year. For example, the OR 4.04 (3.89-4.19) indicates that in 2001, patients with a high comorbidity burden were 4.04 times more likely to be ventilated than were patients with a low comorbidity

TABLE 2 | (continued)
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burden. The interaction effect with year, OR 0.97 (0.96-0.97), indicates that the odds of ventilation for patients with a high comorbidity burden decreased by a factor of 0.97 times per year, so that 10 years later, by
2011, they were 4.04 % 0.9710 = 2.98 times more likely to be ventilated than were those with a low comorbidity burden. IMV

aAny NIV or IMV during hospitalization.

invasive mechanical ventilation; NIV = noninvasive ventilation; Ref = reference.

°All admissions included in the analysis.

NIV was the ventilation type that was used first.
dIMV was the ventilation type that was used first.

eNIV was used first as the ventilatory therapy.

fAdmissions among all patients who were ventilated.

9Transition to IMV after a trial of NIV.

"Admissions among all patients ventilated with NIV initially.

comorbidity burden, and concomitant pneumonia were
important determinants of whether a patient received
mechanical ventilation and influenced the annual rate
of change in the use of various ventilation strategies.

Our results are consistent with trends in ventilation use
reported in a study by Chandra et al"! that analyzed data
from the Nationwide Inpatient Sample and found a sig-
nificant increase in NIV use from 1998 to 2008. The
NIV rates reported in our study are considerably higher
than those rates (eg,14.0% vs 4.5% in 2008), most likely
because of the more sensitive approach we used for
identifying NIV and a more specific set of ICD-9 codes
that restricted the cohort to admissions with more
severe exacerbations of COPD. When limiting the iden-
tification of NIV to the same methodology used in the
study by Chandra et al,' we obtained comparable rates
(eg, 5.4% in 2008). Our observed rates are more sim-
ilar to those from an audit in the United Kingdom
that assessed the in-hospital care of 9,700 patients with
COPD in 2008 and found that NIV was used in 11% of
these patients.20

In this study, the overall increase in NIV as an initial
ventilation strategy between 2001 and 2011 was offset
mostly by a decrease in IMV use. However, there was
also an increase in all ventilator starts, suggesting that
NIV was progressively used in patients who may not in
the past have received any ventilation.

By providing data on patient factors related to the use
of NIV, and more precise estimates of NIV use, our
results extend the findings of earlier studies. We have
demonstrated that factors such as age, race, comor-
bidity burden, and concomitant pneumonia influence
whether a patient receives NIV or IMV as initial venti-
lator therapy. Although there was an increase in the
use of NIV and corresponding declines in the use of
IMYV during the years under study in all hospitaliza-
tions, the rate of change varied by patient characteris-
tics. Patients > 85 years of age had 57% lower odds
of receiving any form of mechanical ventilation com-
pared with the youngest patients and were more likely
to receive NIV than IMV when they were ventilated.
These results are consistent with the findings of other
studies suggesting that the intensity of treatment
decreases with advancing age and is likely influenced
by patient and/or physician preference to withhold
more aggressive treatments such as IMV.21-2 The NIV
growth rate was highest in the admissions of the
oldest compared with the youngest patients; these
trends may reflect the diffusion of the results of several
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studies reporting that NIV has a good success rate in
older patients.2+28

Black patients had higher rates of ventilation compared
with white patients and were more likely to be invasively
ventilated, even after adjusting for the hospital where
care was received. Several prior studies have shown that
black patients, compared with white patients, are more
likely to prefer and receive life-sustaining treatments,
including IMV 212930 ]t is also possible that black patients
delay hospitalization and present with more severe dis-
ease than do white patients.

Our results provide new information about the role of
comorbidity burden and concomitant pneumonia in
the ventilatory management of patients with COPD. We
found that patients with a higher disease burden were
more likely to be ventilated and to receive initial IMV
treatment than were patients with a lower comorbidity
burden; they also had the highest rate of NIV failure.
Similar ventilation patterns were observed for patients
with pneumonia. The respiratory deterioration found
in these patients may be less easily reversible, and these
patients may more often deteriorate to the point where
they have to be intubated. Of interest is the fact that,
although the use of NIV increased in all admissions
with COPD during the years under study, the annual
rate of increase was lower for those with a high comor-
bidity burden and for those with pneumonia. These
findings suggest that providers may have become more
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cautious about NIV use among patients at high risk of
requiring subsequent intubation.

The strengths of our study include the large and diverse
set of hospitals included in the analysis, increasing the
generalizability of our findings, and the detailed charge
data to which we had access, which enabled us to pro-
vide more accurate estimates of NIV use than would
be obtained from ICD-9 procedure codes only. We
also examined trends over time, which provided per-
spective on how the ventilatory management of
patients with COPD is evolving. In addition, we used
robust statistical methods to identify patient factors
associated with the adoption of NIV over time and
possible changes in these factors over a decade-long
perspective.

Our study has a number of limitations. First, we relied
on ICD-9 codes to identify cases of acute COPD exacer-
bation and, therefore, we cannot exclude disease mis-
classification. However, we used a previously validated
set of ICD-9 codes that were shown to have reasonable
sensitivity and specificity. Second, hospitals that par-
ticipate in the Premier database are not completely rep-
resentative of US hospitals (predominantly small to
medium size and serving urban populations), and the
results may not be entirely generalizable. Third, we did
not have physiology data on the severity of acute respi-
ratory failure, and therefore, we could not determine if
the threshold for applying mechanical ventilation has
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changed over time. Forth, we excluded patients with a
diagnosis of OSA because we were not able to distin-
guish if NIV was used for sleep apnea or for respiratory
failure. Finally, the dataset does not contain information
on patients’ decisions about life-sustaining treatments,
and the decrease in NIV failure may reflect a larger
number of patients withholding aggressive treatment

at the end of life.

Conclusions

patterns.

The use of NIV as an initial ventilation strategy for
patients with COPD has increased steadily over the past
10 years, whereas the use of IMV has declined. Patient
age and race, comorbidities, and coexisting pneumonia
influence the receipt and success rates of NIV. Further
research is needed to identify the factors driving these
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