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Abstract

IMPORTANCE—Small clinical trials have shown that noninvasive ventilation (NIV) is 

efficacious in reducing the need for intubation and improving short-term survival among patients 

with severe exacerbations of chronic obstructive pulmonary disease (COPD). Little is known, 

however, about the effectiveness of NIV in routine clinical practice.

OBJECTIVE—To compare the outcomes of patients with COPD treated with NIV to those 

treated with invasive mechanical ventilation (IMV).

DESIGN, SETTING, AND PARTICIPANTS—This was a retrospective cohort study of 25 628 

patients hospitalized for exacerbation of COPD who received mechanical ventilation on the first or 

second hospital day at 420 US hospitals participating in the Premier Inpatient Database.

EXPOSURES—Initial ventilation strategy.

MAIN OUTCOMES AND MEASURES—In-hospital mortality, hospital-acquired pneumonia, 

hospital length of stay and cost, and 30-day readmission.
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RESULTS—In the study population, a total of 17 978 (70%) were initially treated with NIV on 

hospital day 1 or 2. When compared with those initially treated with IMV, NIV-treated patients 

were older, had less comorbidity, and were less likely to have concomitant pneumonia present on 

admission. In a propensity-adjusted analysis, NIV was associated with lower risk of mortality than 

IMV (odds ratio [OR] 0.54; [95% CI, 0.48–0.61]). Treatment with NIV was associated with lower 

risk of hospital-acquired pneumonia (OR, 0.53 [95% CI, 0.44–0.64]), lower costs (ratio, 0.68 

[95% CI, 0.67–0.69]), and a shorter length of stay (ratio, 0.81 [95% CI, 0.79–0.82]), but no 

difference in 30-day all-cause readmission (OR, 1.04 [95% CI, 0.94–1.15]) or COPD-specific 

readmission (OR, 1.05 [95% CI, 0.91–1.22]). Propensity matching attenuated these associations. 

The benefits of NIV were similar in a sample restricted to patients younger than 85 years and were 

attenuated among patients with higher levels of comorbidity and concomitant pneumonia. Using 

the hospital as an instrumental variable, the strength of association between NIV and mortality 

was modestly attenuated (OR, 0.66 [95% CI, 0.47–0.91]). In sensitivity analyses, the benefit of 

NIV was robust in the face of a strong hypothetical unmeasured confounder.

CONCLUSIONS AND RELEVANCE—In a large retrospective cohort study, patients with 

COPD treated with NIV at the time of hospitalization had lower inpatient mortality, shorter length 

of stay, and lower costs compared with those treated with IMV.

Chronic obstructive pulmonary disease (COPD) affects 4% to 7% of US adults, results in 

more than 800 000 hospitalizations annually, and is the nation’s third leading cause of 

death.1–3 Treatment for patients hospitalized with exacerbation include supplemental 

oxygen, short-acting bronchodilators, systemic corticosteroids, and, in most instances, 

antibiotics.4–6 Meta-analyses of randomized clinical trials suggest that when administered to 

carefully selected patients, noninvasive ventilation (NIV) can reduce the risk of death by up 

to 55%,5,7 the only hospital-based intervention known to improve mortality. This benefit is 

thought to be mediated through the prevention of complications associated with invasive 

mechanical ventilation (IMV), including ventilator-associated pneumonia and 

barotrauma.8–10

Although NIV receives strong endorsement in clinical guidelines, surveys of pulmonologists 

and respiratory therapists in the United States and Canada have suggested that many eligible 

patients are not treated.11–15 More recently, an analysis of the Nationwide Inpatient Sample 

found that rates of NIV among patients with COPD had increased 4.5 fold between 1998 

and 2008.16 However, whether the benefits observed in the highly controlled setting of a 

clinical trial are being achieved in routine clinical practice is less well known.17,18

Using data from a large network of US hospitals, we sought to compare the outcomes of 

patients with COPD who were treated with NIV with those treated with IMV. In addition, 

given the possibility of treatment effect heterogeneity suggested by earlier studies, we 

examined the association between ventilation strategy and outcome in clinical subgroups 

defined by age, comorbidity burden, and the presence of comorbid pneumonia.19
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Methods

Design, Settings, and Patients

We conducted a retrospective cohort study of patients hospitalized from January 2008 

through June 2011 at 420 structurally and geographically diverse US hospitals that 

participate in a voluntary, fee-supported database developed to support quality improvement 

(Premier Healthcare Informatics). The institutional review board at Baystate Medical Center 

approved the study. In addition to the information contained in the standard hospital 

discharge abstract (ie, UB-04), the database contains a date-indexed log of all items and 

services charged to the patient or their insurer, including medications, laboratory and 

radiologic tests, and therapeutic services. Data are collected electronically from participating 

sites, audited regularly to ensure data validity, and have been used extensively for outcomes 

research.20–22

We included patients 40 years or older who received a principal discharge diagnosis 

(International Classification of Disease, Ninth Revision, Clinical Modification code [ICD-9-

CM]) consistent with an exacerbation of COPD (codes 491.21, 492.22, 491.8, 491.9, 492.8, 

496) or a secondary diagnosis of COPD when accompanied by a principal diagnosis of acute 

respiratory failure (codes 518.81, 518.82, 518.84) and who were treated with mechanical 

ventilation within the first 2 hospital days (Figure 1).23 Patients were excluded if they were 

not treated with short-acting bronchodilators and systemic corticosteroids within the first 2 

days of the hospital stay (to reduce the possibility that ICD-9-CM codes had misidentified 

patients) or if they had a contraindication to NIV (ie, respiratory arrest [code 799.1] acute 

myocardial infarction [410.x0], hypotension [785.5], arrhythmia [42.41–2], altered mental 

status [249.82, 572.2, 250.3, 348.3, 780.0], or facial trauma [802.x]) because they would not 

have been equally eligible to receive the treatment options being compared. On similar 

grounds, we excluded patients receiving palliative (code v66.7) or hospice care (from the 

database field source of admission) because they are preferentially treated with NIV and 

have a high risk of death. We excluded patients with sleep apnea because it is not possible to 

differentiate treatment of acute respiratory failure from continuation of home continuous or 

bilevel positive airway pressure devices. We also excluded patients who were transferred 

from or to another acute care facility, those with an attending physician from a specialty that 

would not be expected to treat COPD (eg, neurosurgery), and those with an Medicare 

Severity Diagnosis-Related Group inconsistent with COPD or its sequelae. For patients with 

multiple admissions during the study period, we selected a random admission to reduce the 

potential for survival bias associated with admission frequency.

Patient and Hospital Information

In addition to patient age, sex, race/ethnicity, marital status, and primary insurance, we 

recorded the presence of comorbidities using software provided by the Agency for 

Healthcare Research and Quality.24 Comorbidities were summarized into a score using 

methods described by Gagne et al.25 To assess COPD severity, we determined whether the 

patient had been hospitalized for COPD in the year prior to the index admission at the same 

hospital, had received invasive or non-invasive forms of mechanical ventilation, or had a 

diagnosis of cor pulmonale. Using the present-on-admission indicator, we also recorded 
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whether pneumonia was diagnosed at the time of hospitalization. Since 2007 the present-on-

admission indicators have been applied to principal and secondary diagnoses. Patients were 

considered to have pneumonia if the present-on-admission indicator was marked “yes.” 

Along with these patient factors, we recorded the specialty of the admitting and attending 

physician; for each hospital, we recorded the number of beds, teaching status, geographic 

region, whether it served an urban or rural population, and staffing ratios.

Receipt of Mechanical Ventilation and Other Treatments

In addition to using procedure codes to identify NIV (ICD-9-CM code 93.90) and IMV 

(ICD-9-CM codes 96.04, 96.70–96.72), we took advantage of the daily professional charges 

recorded by hospital respiratory therapists to assess whether patients were treated with NIV 

or IMV. We validated the NIV procedure codes and respiratory therapy charge codes by 

retrospective medical chart review of 200 patients who had been admitted to Baystate 

Medical Center with an ICD-9-CM code for respiratory failure from 2010 through 2011. 

Using ICD-9-CM codes alone yielded a sensitivity of 86% (95% CI, 81%–92%) and 

specificity of 92% (95% CI, 84%–98%). The approach of using ICD-9-CM procedure codes 

and/or respiratory therapist charges increased sensitivity to 99% (95% CI, 98%–100%) 

without reducing specificity (92% [95% CI, 84%–99%]).

On the basis of this analysis, we considered a patient to have received mechanical 

ventilation if there was a procedure code or respiratory therapist charge indicating treatment. 

The first 2 hospital days were chosen to assess exposure because in administrative data sets 

the duration of the first hospital day includes partial days that can vary in length. We defined 

the primary method of ventilation as the first method by date, and we noted any changes in 

ventilation that occurred throughout the hospitalization. In cases in which NIV and IMV 

were first recorded on the same day, we used billing charges on subsequent days to infer the 

initial therapy. For example, if subsequent days included only charges for IMV, we 

considered the initial therapy to be NIV. We excluded a small number of admissions (952) 

in which we were unable to determine the sequence of ventilation. We assessed the number 

of days each patient received assisted ventilation and whether the ventilator strategy 

changed during the course of the hospitalization. In addition to the type of mechanical 

ventilation, we evaluated exposure to medications administered within the first 2 days of the 

hospitalization that could serve as potential confounders.

Outcomes

The primary study outcome was in-hospital mortality. Secondary outcomes included length 

of stay, costs, and readmission within 1 month of discharge. We also assessed whether 

pneumonia developed after admission. For patients initially treated with NIV, we computed 

the incidence of NIV failure, defined as treatment with IMV after initial exposure to NIV.

Statistical Analysis

We calculated summary statistics using frequencies and proportions for categorical data and 

means, medians, and interquartile ranges for continuous variables. We compared the 

characteristics of patients who received NIV during the first 2 hospital days with those who 

underwent IMV using χ2 or Kruskal-Wallis tests.
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We developed a nonparsimonious logistic regression model to estimate a patient’s 

propensity for treatment with NIV that included all patient and hospital characteristics and 

treatments for COPD, in which receipt of NIV by day 2 was considered the outcome. We 

assessed the propensity model by evaluating the balance of covariates in the matched cohort 

as well as the model C statistic (0.82 [95% CI, 0.82–0.83]). We then developed a series of 

hierarchical generalized linear models using PROC GLIMMIX (SAS Institute Inc) to assess 

the independent effect of NIV on the study outcomes, including a random hospital effect. 

Models were adjusted for patient, physician, and hospital characteristics, including the 

hospital proportion of ventilator starts that were noninvasive, other treatments, and the 

propensity for treatment with NIV. Logit link models were used for mortality, readmission, 

and hospital-acquired pneumonia. Identity link models were used for log-transformed length 

of stay and cost, producing length of stay and cost ratios for NIV to IMV treated. In 

addition, we applied 2 weighting methods: stabilized inverse-probability-of-treatment 

weighting, which estimates the treatment effect in a population with a risk factor distribution 

similar to the full study population, and standardized mortality ratio weighting, which 

estimates the effect in a population with a risk factor distribution similar to those actually 

treated with NIV.26,27 Finally, using a Greedy Match algorithm, each IMV-treated patient 

was matched with a patient with similar propensity who was treated with NIV.28 

Conditional logistic regression was used to assess the association between exposure and 

outcome while adjusting for any remaining differences between groups (P < .05).

Instrumental Variable Analysis

To address concerns about residual unmeasured confounding, in which more severe cases of 

respiratory failure might preferentially be treated with IMV, we also performed a grouped-

treatment analysis, an adaption of the instrumental variable method, by using the hospital as 

the instrument.29 We developed hierarchical models for mortality, hospital-acquired 

pneumonia, and readmission, substituting the hospital percentage of ventilator starts that 

were NIV in place of individual ventilation mode. This analysis was restricted to hospitals 

with at least 25 patients treated with ventilation.

Secondary and Sensitivity Analyses

We carried out several secondary analyses. First, we examined the association between type 

of ventilation and outcomes among patients within strata defined by tertiles of comorbidity 

burden. Second, we assessed for heterogeneity of effects when pneumonia was present at the 

time of admission. Finally, we analyzed the association between mode of ventilation and 

outcomes among patients younger than 85 years because the use of IMV was rare in those 

85 years or older.

In a sensitivity analysis, we explored how the presence of a hypothetical unmeasured 

confounder might influence the effect estimate of NIV. Given the range of values we 

observed among the confounders in our study, we estimated that an influential unmeasured 

confounder would increase the odds of mortality by 1.5 to 3 times. Varying the prevalence 

of the confounder, we then quantified its effect using methods described by Lin et al.30 All 

analyses were carried out using the Statistical Analysis System (version 9.3; SAS Institute 

Inc).
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Results

Among the 192 349 admissions that met our enrollment criteria, a total of 31 960 (16.6%) 

received ventilatory support on the first or second hospital day, including 25 628 unique 

patients. Among these patients, 17 978 (70.1%) were initially treated with NIV (Figure 1). 

When compared with those treated with IMV, patients treated with NIV were older, more 

likely to have had an admission for COPD in the year prior to the index admission (30.1% 

vs 23.9%; P < .001), and had a lower comorbidity score (Table 1 and Table 2). Patients 

spent a median (interquartile range) of 2 (1–4) days on NIV and 3 (2–5) on IMV. The 

incidence of NIV failure was 15.3%. In-hospital mortality rates were 4.8%, 8.6%, and 

13.8% among those initially treated with NIV, IMV, and those who failed treatment with 

NIV, respectively.

Results of Propensity-Adjusted, Propensity-Matched, and Instrumental Variable Analyses

In models that adjusted for patient, hospital, and physician characteristics, including the 

propensity for treatment with NIV and receipt of other treatments, the odds of in-hospital 

mortality among patients treated with NIV was significantly lower than among those who 

received IMV (odds ratio [OR], 0.54 [95% CI, 0.48–0.61]) (Figure 2). Treatment with NIV 

was associated with a lower risk of hospital-acquired pneumonia (OR, 0.53 [95% CI, 0.44–

0.64]), a 19% shorter length of stay (ratio, 0.81 [95% CI, 0.79–0.82], an average absolute 

reduction of 1.6 days), and 32% lower costs (ratio 0.68 [95% CI, 0.67–0.69], an average 

absolute reduction of $5673). There was no association between mode of ventilation and the 

risk of COPD-specific or all-cause readmission within 1 month of discharge. Estimates 

based on stabilized inverse-probability and standardized mortality ratio weighting were 

similar (Figure 2).

Overall, 72% of patients treated with IMV were matched with a patient of similar propensity 

who was treated with NIV (eFigure 1 in the Supplement). The matched sample was balanced 

for most factors (Table 3 and Table 4). Conditional logistic regression models adjusting for 

unbalanced covariates on the matched sample yielded modestly attenuated associations (OR 

for mortality, 0.64 [95% CI, 0.55–0.74]) (Figure 2).

Across the 286 hospitals that contributed at least 25 cases requiring ventilatory assistance, 

the percentage of ventilated patients who were treated with NIV by the second hospital day 

ranged from 34% at the 10th percentile to 87% at the 90th (eFigure 2 in the Supplement). 

Using the hospital as an instrumental variable and adjusting for other potential confounders, 

the mortality benefit of NIV was modestly attenuated (OR, 0.66 [95% CI, 0.47–0.91]).

Analyses Stratified by Comorbidity Score, Pneumonia, and Restricted to Patients Younger 
Than 85 Years

The relative advantage of NIV was attenuated in the face of higher comorbidity burden and 

among those with pneumonia present on admission (Figure 2). Finally, the association 

between receipt of NIV and mortality was similar in an analysis restricted to patients 

younger than 85 years.
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Sensitivity Analysis

Sensitivity analysis demonstrates the extent to which our estimates of the association 

between NIV and mortality might be influenced by residual confounding (Figure 3). If the 

OR for mortality associated with a hypothetical unmeasured confounder was 2, a difference 

in prevalence between patients treated with IMV and NIV of greater than 70% would be 

necessary to result in a nonsignificant effect for NIV on mortality.

Discussion

In this study of more than 25 000 patients with COPD who received mechanical ventilation 

at over 400 US hospitals between 2008 and 2011, we found that those initially treated with 

NIV had a lower risk of death or of developing pneumonia during the hospitalization, a 

shorter length of stay, and lower costs compared with those who initially underwent invasive 

ventilation. The relative advantage of NIV was attenuated among patients with higher 

comorbidity burden and in the subgroup of patients who had pneumonia present at the time 

of hospital admission. These findings were robust in the presence of a strong hypothetical 

unmeasured confounder and were corroborated in an instrumental variable analysis intended 

to address the threat of residual confounding owing to unmeasured factors.

While randomized clinical trials and meta-analyses have demonstrated that, under ideal 

circumstances, NIV can reduce the risk of complications and improve short-term survival 

when compared with IMV, fewer than 1000 patients have been enrolled in all of the 

randomized clinical trials to date, and strict inclusion and exclusion criteria reduce 

generalizability to broader patient populations. Using a prospective cohort design at 42 

intensive care units in France, Carlucci et al17 found a reduced incidence of nosocomial 

pneumonia and an odds of mortality of 0.16 associated with receipt of NIV instead of IMV. 

More recently, using data from the 2006–2008 Nationwide Emergency Department Sample, 

Tsai et al18 compared the effectiveness of invasive and noninvasive forms of ventilation in 

patients with a diagnosis of COPD and respiratory failure. They also reported that NIV was 

associated with odds of mortality of 0.54 as well as a shorter length of stay and lower 

hospital charges.

Our results confirm and extend these findings, using a richer data set that allowed us to 

overcome prior limitations, including concerns about the validity of ICD-9-CM codes to 

identify patients with COPD, to identify exposure to NIV with greater accuracy, and to 

adjust for additional potential confounders, including important markers of disease severity 

and other medications and treatments. Furthermore, using present-on-admission indicators 

that were not available in earlier data sets, we were able to examine the association between 

NIV and hospital-acquired pneumonia, one of the pathways through which NIV is thought 

to lower mortality. Our unique data set also enabled us to report on readmission outcomes. 

Our findings have a number of implications. Most important, although our estimate of the 

effect of NIV on mortality was more modest than estimates in some previous reports, our 

study suggests that the benefits observed in clinical trials are largely being achieved in the 

community settings represented by hospitals in our data set. Potential explanations for the 

smaller effect include differences in patient selection and ventilator management practices 

between protocol-guided clinical trials and contemporary practice sites. Another possibility 
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is that the risks associated with conventional IMV have lessened over time, thereby 

mitigating some of the relative advantage of NIV.31 The interaction we observed with higher 

levels of comorbidity and pneumonia is another finding that could have substantial clinical 

significance because nearly 1 in 5 patients included in the study had pneumonia. This 

corroborates the finding of an earlier study that identified pneumonia as a risk factor for NIV 

failure19 and supports the results of some trials that have suggested that NIV may not be 

superior to IMV in pneumonia.32,33 Unlike the case in acute exacerbation of COPD, patients 

with pneumonia are less likely to have rapid reversal of respiratory failure that best lends 

itself to NIV treatment. Finally, the high mortality associated with NIV failure (13.8%) was 

also observed by Chandra et al16 and may reflect use of NIV in patients with pneumonia or 

other comorbidities that increase the risk of NIV failure. This also raises the possibility that 

NIV may have been used inappropriately in some patients who should have been intubated 

initially and highlights the need for careful patient selection.

Despite these striking results, our study should be interpreted in light of several limitations. 

First, as with all observational comparative effectiveness research, it is possible that the 

association we found between NIV and lower mortality reflects residual confounding by 

indication. While we adjusted for numerous patient, physician, and hospital factors, we did 

not have physiologic measurements, such as vital signs or arterial blood gas analysis, that 

could have differed between patients in the 2 groups. We attempted to reduce this concern 

by using a rich data set and by applying state-of-the-art analytic methods. Our findings 

proved to be robust to a grouped treatment analysis, an adaptation of the instrumental 

variable approach, and in the face of a strong hypothetical unmeasured confounder. The 

validity of the grouped treatment analysis requires an assumption that the hospital 

preference for NIV was not associated with other unmeasured aspects of care that could 

influence outcomes. While it is possible that hospitals that frequently use NIV may also be 

more likely to adapt other evidence-based therapies, the effects estimates produced by this 

analysis were closer to the null than any of the propensity-based approaches. Second, we did 

not have information about the do-not-resuscitate status of patients or preferences for end-

of-life care. To the extent that NIV may be preferred among patients with the highest risk for 

mortality, our results may have underestimated the benefit of treatment.34 Finally, we 

studied inpatient outcomes only and did not have access to information about the longer-

term effects of the choice of ventilation besides readmission. Past clinical trials, however, 

have also largely confined themselves to short-term outcomes.

Conclusions

Among patients hospitalized for exacerbation of COPD who are treated with mechanical 

ventilation, receipt of NIV is associated with better outcomes than IMV. Additional research 

is needed to evaluate the impact of chronic comorbidity and concomitant pneumonia on 

patient outcomes and to compare the long-term outcomes of patients treated with invasive 

and noninvasive ventilation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study Selection Criteria/Recruitment Table
DRG indicates diagnosis-related group; ICD-9-CM, International Classification of Diseases, 

Ninth Revision, Clinical Modification; IMV, invasive mechanical ventilation; NIV, 

noninvasive ventilation.
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Figure 2. Association Between Noninvasion Ventilation and Outcomes
Association between noninvasive ventilation and mortality, hospital-acquired pneumonia, 

readmission, length of stay, and costs, overall and inpatient stratified comorbidity burden, 

comorbid pneumonia, and among those younger than 85 years. Subgroup analyses are 

covariate adjusted. COPD indicates chronic obstructive pulmonary disease; DRG, diagnosis-

related group; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical 

Modification; IMV, invasive mechanical ventilation; NIV, noninvasive ventilation; SIPTW, 

stabilized inverse-probability-of-treatment weighting; SMRW, standardized mortality ratio 

weighting.
aAdjusted for unbalanced covariates.

Lindenauer et al. Page 13

JAMA Intern Med. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. Sensitivity Analysis to Estimate the Potential Impact of Unmeasured Confounding
The odds of outcome related to unmeasured confounder are indicated by r; P0, proportion of 

invasively ventilated patients with the confounder; P1, proportion of noninvasively 

ventilated patients with the confounder. For example, an unmeasured confounder, “a” with r 

= 2 times the odds for mortality would have to be present in P0 ≅ 80% of the invasively 

ventilated patients, and less than P1 ≅ 15%of the noninvasively ventilated patients to render 

the mortality impact for invasive ventilation nonsignificant.
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Table 1

Characteristics and Outcomes of the Patients Included in the Studya

Patient Characteristic All Ventilated Patients

Ventilation

P ValueNoninvasive Invasive

Age, mean, y 68.5 69.0 67.4
<.001

 Median (IQR)           69 (61–77)           69 (61–78)        67 (60–75)

Female 14 513 (56.6) 10 213 (56.8) 4300 (56.2) .38

Race/ethnicity

 White 18 246 (71.2) 12 956 (72.1) 5290 (69.2)

<.001
 Black    2903 (11.3)    1913 (10.6)   990 (12.9)

 Hispanic    814 (3.2)    590 (3.3) 224 (2.9)

 Other    3665 (14.3)    2519 (14.0) 1146 (15.0)

Marital status

 Married    8866 (34.6)     6282 (34.9) 2584 (33.8)

  .001 Single 14 026 (54.7)     9858 (54.8) 4168 (54.5)

 Other/missing    2736 (10.7)     1838 (10.2)   898 (11.7)

Insurance payer

 Medicare 18 188 (71.0) 13 052 (72.6) 5136 (67.1)

<.001

 Medicaid    2723 (10.6)    1825 (10.2)   898 (11.7)

 Private    3167 (12.4)    2158 (12.0) 1009 (13.2)

 Uninsured    900 (3.5)    574 (3.2) 326 (4.3)

 Other/unknown    650 (2.5)    369 (2.1) 281 (3.7)

Indicators of COPD severity

 Admission for COPD in past year    7243 (28.3)    5416 (30.1) 1827 (23.9) <.001

 Noninvasive ventilation in past year    2844 (11.1)    2249 (12.5) 595 (7.8) <.001

 Invasive mechanical ventilation in past year  1566 (6.1)    902 (5.0) 664 (8.7) <.001

 Pulmonary heart disease    3165 (12.4)    2309 (12.8)   856 (11.2) <.001

 Pneumonia present on admission    6129 (23.9)    3800 (21.1) 2329 (30.4) <.001

Comorbiditiesb

 Congestive heart failure      9070 (35.39)    6142 (34.2) 2928 (38.3) <.001

 Diabetes mellitus    8091 (31.6)    5625 (31.3) 2466 (32.2) .14

 Deficiency anemias    5716 (22.3)    3725 (20.7) 1991 (26.0) <.001

 Depression    4215 (16.5)    3026 (16.8) 1189 (15.5) .12

 Renal failure    3319 (13.0)    2263 (12.6) 1056 (13.8) .01

 Hypothyroidism    3053 (11.9)    2194 (12.2)   859 (11.2) .03

 Obesity    2990 (11.7)    2125 (11.8)   865 (11.3) .24

 Other neurological disorders  2435 (9.5)    1610 (9.0)   825 (10.8) <.001

Disease

 Pulmonary circulation  2277 (8.9)    1431 (8.0)   846 (11.1) <.001
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Patient Characteristic All Ventilated Patients

Ventilation

P ValueNoninvasive Invasive

 Peripheral vascular  2316 (9.0)    1595 (8.9) 721 (9.4) .16

 Valvular  2007 (7.8)    1319 (7.3) 688 (9.0) <.001

 Weight loss  1966 (7.7)    1190 (6.6)  776 (10.1) <.001

 Psychoses  1808 (7.1)    1247 (6.9) 561 (7.3) .26

 Alcohol abuse    1374 (5.36)    838 (4.7) 536 (7.0) <.001

Comorbidity score

 ≤1    7457 (29.1)    5576 (31.0)  1881 (24.6) <.001

 2–3    8561 (33.4)    6053 (33.7) 2508 (32.8)

 ≥4    9610 (37.5)    6349 (35.3) 3261 (42.6)

COPD therapies

 Short-acting β agonist   25 388 (99.06) 17 803 (99.0) 7585 (99.2) .35

 Short-acting anticholinergic agents   23 657 (92.31) 16 566 (92.1) 7091 (92.7) .13

 Methylxanthine bronchodilator    2691 (10.5)    2017 (11.2) 674 (8.8) <.001

 Mucolytic agents      434 (1.69)    315 (1.8) 119 (1.6) .26

Antibiotics

 Quinolone 14 480 (56.5) 10 150 (56.5) 4330 (56.6) .83

 Cephalosporin (third or fourth generation)      9153 (35.72)    6266 (34.9) 2887 (37.7) <.001

 Macrolide    8379 (32.7)    5903 (32.8) 2476 (32.4) <.001

 Antipseudomonal penicillin    3699 (14.4)    2075 (11.5) 1624 (21.2) <.001

 Vancomycin    3378 (13.2)    1862 (10.4) 1516 (19.8) <.001

Admitting physician specialty

 Family practice    3778 (14.7)    2765 (15.4) 1013 (13.2) <.001

 Hospital medicine    4849 (18.9)    3593 (20.0) 1256 (16.4)

 Internal medicine 10 717 (41.8)    7778 (43.3) 2939 (38.4)

 Pulmonary diseases or critical care medicine    3527 (13.8)    1987 (11.1) 1540 (20.1)

 Other specialty    2757 (10.8)    1855 (10.3)   902 (11.8)

Outcomes

 Hospital acquired pneumonia    679 (2.7)    399 (2.2) 280 (3.7) <.001

 In-hospital mortality  1518 (5.9)    857 (4.8) 661 (8.6) <.001

 LOS, d 7.1 6.4 8.9 <.001

  Median (IQR)         6 (3–9)         5 (3–8)         7 (4–11)

 Costs, US $ 15 188 12 690 21 057 <.001

  Median (IQR) 10 586 (6396–17 761) 8992 (5711–14 572) 15 556 (9688–25 350)

Readmission

 COPD-specific  1344 (5.6)     972 (5.7) 372 (5.3) .28

 All-cause    3013 (12.5)    2118 (12.4)   895 (12.8) .35

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile range; LOS, length of stay.

a
Data are given as number (percentage) except where indicated.
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b
Additional comorbidities present in less than 5% of the sample: drug abuse, solid tumor without metastasis, rheumatoid arthritis/collagen vascular 

disease, liver disease, metastatic cancer, paralysis, chronic blood loss anemia, lymphoma, AIDS, and peptic ulcer disease with bleeding.
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Table 2

Hospital Characteristics and Outcomes of the Patients Included in the Studya

Hospital Characteristic All Ventilated Patients

Ventilation

P ValueNoninvasive Invasive

Rural/urban status

 Rural    3910 (15.3)    2954 (16.4)  956 (12.5)
<.001

 Urban 21 718 (84.7) 15 024 (83.6) 6694 (87.5)

Bed size

 ≤200    4840 (18.9)    3528 (19.6) 1312 (17.2)

 201–400 10 827 (42.3)    7664 (42.6) 3163 (41.3) <.001

 >400    9961 (38.9)    6786 (37.7) 3175 (41.5)

Teaching status

 Teaching    8562 (33.4)    5893 (32.8) 2669 (34.9)
 .001

 Nonteaching 17 066 (66.6) 12 085 (67.2) 4981 (65.1)

Region

 Midwest    4032 (15.7)    2737 (15.2) 1295 (16.9)

 Northeast    4658 (18.2)    3122 (17.4) 1536 (20.1)
<.001

 South 12 083 (47.2)    8737 (48.6) 3346 (43.7)

 West    4855 (18.9)    3382 (18.8) 1473 (19.3)

Staffing ratiosb

 Hospitalist

  <1.4    5014 (19.6)    3278 (18.2) 1736 (22.7)

  1.4–3.6    6768 (26.4)    4952 (27.5) 1816 (23.7)
<.001

  >3.6    6567 (25.6)    4909 (27.3) 1658 (21.7)

  Unknown    7279 (28.4)    4839 (26.9) 2440 (31.9)

 Respiratory therapist

  <5.4    5307 (20.7)    3654 (20.3) 1653 (21.6)

  5.4–8.5    7281 (28.4)    5123 (28.5) 2158 (28.2)
<.001

  >8.5    7450 (29.1)    5440 (30.3) 2010 (26.3)

  Unknown    5590 (21.8)    3761 (20.9) 1829 (23.9)

 Nurse

  <107.7    4188 (16.3)    3061 (17.0) 1127 (14.7)

  107.7–150.5    5833 (22.8)    4313 (24.0) 1520 (19.9)
<.001

  >150.5    8249 (32.2)    5603 (31.2) 2646 (34.6)

  Unknown    7358 (28.7)    5001 (27.8) 2357 (30.8)

 Intensivist

  0    6987 (27.3)    5220 (29.0) 1767 (23.1)

  >0–1.9    5621 (21.9)    3856 (21.4) 1765 (23.1)
<.001

  >1.9    4777 (18.6)    3609 (20.1) 1168 (15.3)

JAMA Intern Med. Author manuscript; available in PMC 2015 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lindenauer et al. Page 19

Hospital Characteristic All Ventilated Patients

Ventilation

P ValueNoninvasive Invasive

  Unknown    8243 (32.2)    5293 (29.4) 2950 (38.6)

Outcomes

 Hospital-acquired pneumonia    679 (2.7)    399 (2.2)  280 (3.7) <.001

 In-hospital mortality  1518 (5.9)    857 (4.8)  661 (8.6) <.001

 LOS, d 7.1 6.4 8.9
<.001

  Median (IQR)          6 (3–9)          5 (3–8)         7 (4–11)

 Costs, US $ 15 188         12 690         21 057          
<.001

  Median (IQR) 10 586 (6396–17 761) 8992 (5711–14 572) 15 556 (9688–25 350)

Readmission

 COPD-specific   1344 (5.6)      972 (5.7)  372 (5.3) .28

 All-cause      3013 (12.5)      2118 (12.4)     895 (12.8) .35

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile range; LOS, length of stay.

a
Data are given as number (percentage) except where indicated.

b
Each staff member ratio is full-time equivalent to 100 beds.
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Table 3

Characteristics and Outcomes of Patients in the Propensity-Matched Sample

Patient Characteristic

Ventilationa

P ValueNoninvasive (n = 5225) Invasive (n = 5225)

Age, mean, y       67.8     67.7
.99

 Median (IQR)        68 (60–76)        68 (60–76)

Female 3033 (54.9) 3091 (55.9) .27

Race/ethnicity

 White 3824 (69.2) 3846 (69.6)

.93
 Black   714 (12.9)   717 (13.0)

 Hispanic  161 (2.9) 161 (2.9)

 Other   826 (15.0)   801 (14.5)

Marital status

 Married 1936 (35.0) 1914 (34.6)

.53 Single 2990 (54.1) 2975 (53.8)

 Other/missing   599 (10.8)   636 (11.5)

Insurance payer

 Medicare 3794 (68.7) 3782 (68.5)

.97

 Medicaid   619 (11.2)   628 (11.4)

 Private   753 (13.6)   740 (13.4)

 Uninsured  219 (4.0) 229 (4.1)

 Other/unknown  140 (2.5) 146 (2.6)

Indicator of COPD severity

 Admission for COPD in past year 1381 (25.0) 1368 (24.8) .77

 Noninvasive ventilation in past year  479 (8.7) 477 (8.6) .95

 Invasive mechanical ventilation in past year  403 (7.3) 388 (7.0) .58

 Pulmonary heart disease   593 (10.7)   603 (10.9) .76

 Pneumonia present on admission 1638 (29.6) 1579 (28.6) .22

Comorbiditiesb

 Congestive heart failure 2131 (38.6) 2115 (38.3) .75

 Diabetes mellitus 1780 (32.2) 1775 (32.1) .92

 Deficiency anemias 1404 (25.4) 1365 (24.7) .39

 Depression   943 (17.1)   875 (15.8) .08

 Renal failure   774 (14.0)   780 (14.1) .87

 Hypothyroidism   676 (12.2)   597 (10.8) .02

 Obesity   635 (11.5)   621 (11.2) .67

 Other neurological disorders   593 (10.7)   570 (10.3) .48

 Pulmonary circulation disease   574 (10.4)   561 (10.2) .68

 Weight loss  542 (9.8) 500 (9.0) .17
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Patient Characteristic

Ventilationa

P ValueNoninvasive (n = 5225) Invasive (n = 5225)

 Peripheral vascular disease  503 (9.1) 527 (9.5) .43

 Valvular disease  457 (8.3) 460 (8.3) .92

 Psychoses  427 (7.7) 389 (7.0) .17

 Alcohol abuse  354 (6.4) 350 (6.3) .88

Comorbidity score

 ≤1 1504 (27.2) 1396 (25.3)

.07 2–3 1749 (31.7) 1797 (32.5)

 ≥4 2272 (41.1) 2332 (42.2)

COPD therapies

 Short-acting β-agonist 5453 (98.7) 5471 (99.0) .11

 Short-acting anticholinergic agents 5112 (92.5) 5110 (92.5) .94

 Methylxanthine bronchodilator  489 (8.9) 519 (9.4) .32

 Mucolytic agents    87 (1.6)   97 (1.8) .46

Antibiotics

 Quinolone 3083 (55.8) 3150 (57.0) .20

 Cephalosporin (third or fourth generation) 2090 (37.8) 2065 (37.4) .62

 Macrolide 1836 (33.2) 1758 (31.8) .11

 Antipseudomonal penicillin 1141 (20.7) 1068 (19.3) .08

 Vancomycin 1022 (18.5)   977 (17.7) .27

Admitting physician specialty

 Family practice   741 (13.4)   759 (13.7)

.90

 Hospital medicine   982 (17.8)   979 (17.7)

 Internal medicine 2219 (40.2) 2230 (40.4)

 Pulmonary diseases or critical care medicine   981 (17.8)   944 (17.1)

 Other specialty   602 (10.9)   613 (11.1)

Outcomes

 Hospital-acquired pneumonia 139 (2.5) 210 (3.8) <.001

 In-hospital mortality  334 (6.0) 506 (9.2) <.001

 LOS, d 7.2 8.9
<.001

  Median (IQR)       6 (4–9)         7 (4–11)

 Costs, US $ 14 812             21 202            
<.001

  Median (IQR) 10 408 (6460–16702) 15 677 (9882–25362)

 Readmission

  COPD-specific  288 (5.5) 272 (5.4) .78

  All-cause    689 (13.3)   635 (12.7) .35

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile range; LOS, length of stay.

a
Data are given as number (percentage) except where indicated.
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b
Additional comorbidities present in less than 5% of the sample, drug abuse, solid tumor without metastasis, rheumatoid arthritis/collagen vascular 

disease, liver disease, metastatic cancer, paralysis, chronic blood loss anemia, lymphoma, AIDS, and peptic ulcer disease with bleeding.
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Table 4

Hospital Characteristics and Outcomes of Patients in the Propensity-Matched Sample

Hospital Characteristic

Ventilationa

P ValueNoninvasive (n = 5225) Invasive (n = 5225)

Rural or urban status

 Rural   715 (12.9)   732 (13.2)
.63

 Urban 4810 (87.1) 4793 (86.8)

Bed size

 ≤200 1038 (18.8) 1020 (18.5)

.77 201–400 2351 (42.6) 2333 (42.2)

 >400 2136 (38.7) 2172 (39.3)

Teaching status

 Teaching 1922 (34.4) 1917 (34.7)
.92

 Nonteaching 3603 (65.2) 3608 (65.3)

Region

 Midwest   884 (16.0)   868 (15.7)

.92
 Northeast 1133 (20.5) 1114 (20.2)

 South 2535 (45.9) 2553 (46.2)

 West   973 (17.6)   990 (17.9)

Staffing ratiosb

 Hospitalist

  <1.4 1101 (19.9) 1070 (19.4)

.89
  1.4–3.6 1443 (26.1) 1460 (26.4)

  >3.6 1299 (23.5) 1298 (23.5)

  Unknown 1682 (30.4) 1697 (30.7)

 Respiratory therapist

  <5.4 1119 (20.3) 1107 (20.0)

.94
  5.4–8.5 1557 (28.2) 1535 (27.8)

  >8.5 1609 (29.1) 1627 (29.4)

  Unknown 1240 (22.4) 1256 (22.7)

 Nurse

  <107.7   832 (15.1)   833 (15.1)

.99
  107.7–150.5 1237 (22.4) 1221 (22.1)

  >150.5 1769 (32.0) 1776 (32.1)

  Unknown 1687 (30.5) 1695 (30.7)

 Intensivist

  0 1471 (26.6) 1470 (26.6)

.98  >0–1.9 1294 (23.4) 1296 (23.5)

  >1.9   827 (15.0)   841 (15.2)
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Hospital Characteristic

Ventilationa

P ValueNoninvasive (n = 5225) Invasive (n = 5225)

  Unknown 1933 (35.0) 1918 (34.7)

Outcomes

 Hospital-acquired pneumonia 139 (2.5) 210 (3.8) <.001

 In-hospital mortality 334 (6.0) 506 (9.2) <.001

 LOS, d 7.2 8.9 <.001

  Median (IQR)       6 (4–9)        7 (4–11)

 Costs, US $ 14 812             21 202             <.001

  Median (IQR) 10 408 (6460–16702) 15 677 (9882–25362)

 Readmission

  COPD-specific 288 (5.5) 272 (5.4) .78

  All-cause   689 (13.3)   635 (12.7) .35

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile range; LOS, length of stay.

a
Data are given as number (percentage) except where indicated.

b
Each staff member ratio is full-time equivalent to 100 beds.
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