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Abstract
We performed a retrospective cohort study of COPD patients on long-term oxygen treatment
(LTOT) who received invasive mechanical ventilation for COPD exacerbation. Of the 4791
patients, 23% died in the hospital, and 45% died in the subsequent 12 months. 67% of patients
were readmitted at least once in the subsequent 12 months, and 23% were discharged to a
nursing home or SNF within 30 days. We conclude that these patients have high mortality rates,
both in-hospital and in the 12 months post-discharge. If patients survive, many will be readmitted
to the hospital and discharged to nursing home. These potential outcomes may support informed
critical care decision making and more preference-congruent care.

INTRODUCTION
Chronic obstructive lung disease (COPD) is the third leading cause of death in the United States,
and affects 6% of the general population.[1,2] Once established, the disease follows a progressive
course, and patients with advanced disease most often die from respiratory failure or
cardiovascular disease.[3] Patients hospitalized for respiratory failure due to COPD (COPD
exacerbation) have a 2-year median survival, and 50% of patients who survive hospitalization are
readmitted within 6 months of discharge. In addition, COPD patients are more likely to die after
receiving life supporting technologies, and less likely to receive palliative care when compared
to lung cancer patients. Unless patients choose to explicitly forego invasive treatments, often the
default is to “do everything” in order to prolong survival. However, survivors of invasive
treatments often have decreased functional capacity, are discharged to a nursing home, and have
recurrent hospitalizations that may adversely impact quality of life.[4-6]
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Knowledge of these potential outcomes may influence patients‟ informed decision-making about
whether to accept invasive mechanical ventilation. Unfortunately, few studies have measured
outcomes beyond hospital survival for patients with COPD. Connors et al. prospectively
followed a cohort of SUPPORT patients (The Study to Understand Prognoses and Preferences
for Outcomes and Risks of Treatments) hospitalized with an acute exacerbation of severe COPD
and found 11% in-hospital mortality and 43% 1-year mortality. At 6 months, only 26% of the
cohort was both alive and able to report a good, very good, or excellent quality of life.[6] This
study did not however focus only on invasive mechanical ventilation, and in fact only 35%
required mechanical ventilation.

In this current study, we describe outcomes for COPD patients on LTOT who are admitted to an
ICU for respiratory failure and receive invasive mechanical ventilation. The focus of our analysis
is on outcomes that may inform patient-level decision making about whether to accept invasive
mechanical ventilation, including in-hospital and 12-month mortality, readmissions and
discharge to nursing home. Further, we describe the association between patient-level factors
such as comorbidities and nursing home residence, with these outcomes.

METHODS
We conducted a cohort study of Medicare Beneficiaries who were hospitalized for a COPD
exacerbation in 2008. The analytic dataset included 2007-2009 data from the following CMS
data files: the Master Beneficiary Summary File Base Segments;[7] the Medicare Provider
Analysis and Review utilization files (MEDPAR);[8] the Home Health, Hospice and Durable
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Medical Equipment (DME) utilization files; and Minimum Data Set (MDS). The study was
approved by the New York University Institutional Review Board (R# 11-02351) and conducted
under a data use agreement with the CMS.

Cohort selection: Our study cohort included patients with COPD on long-term oxygen treatment
(LTOT) who were admitted to an intensive care unit (ICU) for COPD exacerbation. We first
selected beneficiaries with a diagnosis of COPD, hospitalized in 2008 (Figure S1).[9,10] We then
selected patients who were admitted for COPD exacerbation. We limited our analysis to
beneficiaries who were in non-rural patterns to try to control for variability in practice between
non-rural and rural hospitals.[11,12] We then limited this cohort to patients who were receiving
LTOT as defined by at least two claims for oxygen in the 12 months prior to the index
admission. We further limited this cohort to patients who were admitted to the ICU. This was
identified as the index admission for our COPD cohort (25,032 patients) and the starting point
for analyzing repeat hospital visits. We then identified patients who received any mechanical
ventilation and limited the analysis to those receiving invasive mechanical ventilation (4,791
patients).[13]

Patient characteristics: We collected data on the patients‟ age, race, and sex, as well as nursing
home or skilled nursing facility (SNF) admission before the index admission. We derived
Elixhauser comorbidity measures based on the ICD-9 codes[14] which is an extensively
validated risk-adjustment tool for hospital length of stay and mortality.[15,16] We modified the
comorbidity measure to include all diagnoses during the year prior to the index admission.
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Patient outcomes: Primary outcomes were 1) in-hospital and 12-month mortality, 2) all-cause
readmission over 12 months, and 3) discharge to nursing home or SNF within 30 days. We
identified all readmissions in the following 365 days after discharge, and classified them as being
COPD admissions versus “other” based on the same criteria as the index admission. We
measured discharge to nursing home using data from MDS entry dates.

Statistical analysis: We described patient characteristics using counts and proportions for all
variables, except for age, for which we reported a mean (SD) value. We used bootstrap methods
to estimate 95% confidence intervals for the proportions.

We tested the association of individual patient-level factors on mortality (in-hospital and 12month) and readmission (12-month) using simple logistic regression. Fully adjusted models were
estimated using multiple logistic regression and a backwards elimination variable selection
algorithm. Odds ratios and 95% confidence intervals were estimated for each of the analyses.
All analyses were conducted using R, version 3.0.2 (R Foundation for Statistical Computing;
http://r-project.org).

RESULTS
The study cohort was defined as the 4791 COPD-LTOT patients who received invasive
mechanical ventilation for COPD exacerbation. Mean age was 74.3 (SD 6.4) and 88.2% were
white. 14.3% (n=687) were in a nursing home or SNF within 365 days before the index
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admission (defined as the first ICU admission in 2008) (Table S1). Most patients (69.8%) had
more than three comorbidities.

Mortality: Of the patients who received invasive mechanical ventilation (n=4791), 23.3% died in
the hospital, and 45.2% died in the 12 months after hospital discharge (Figure). Of the total
cohort, 31.5% were alive one year following discharge.

Readmissions: Of the 3677 index admission survivors, 67.1% were readmitted at least once in
the subsequent 12 months, and 45.3% were re-hospitalized two or more times (Figure). Of those
with at least one readmission (n=2466), 52.1% were readmitted due to COPD.

Discharge to nursing home: Of the 3177 patients discharged alive who were not in a nursing
home in the 12 months before the index admission, 26.8% were admitted to a nursing home
within 30 days after hospital discharge. An additional 14.2% of survivors were admitted to a
nursing home after 30 days.

Factors associated with mortality (Table S2): The odds of dying in the hospital increased by 4%
for every one year increase in age (adjusted OR [AOR], 1.04; 95% CI: 1.03-1.05). Other factors
associated with hospital death included: white race (23.8% vs. 18.9%; AOR, 1.42; 95% CI: 1.131.79); male sex (25.3% vs. 21.7%; AOR, 1.17; 95% CI: 1.02-1.35); and nursing home admission
at any point in previous year (27.2% vs. 22.6%; AOR, 1.27; 95% CI: 1.05-1.55). The following
comorbidities were associated with hospital death: weight loss (AOR, 1.30; 95% CI: 1.09-1.55),
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renal failure (AOR, 1.42; 95% CI: 1.16-1.74), and metastatic cancer (AOR, 1.92; 95% CI: 1.302.84). Obesity was associated with reduced mortality (AOR, 0.71; 95% CI: 0.55-0.92).

Among patients discharged alive (n=3677), the odds of dying within 12 months increased by 1%
for every one year increase in age (AOR, 1.01; 95% CI: 1.01-1.01). Other factors associated
with dying within 12 months included: white race (50.6% vs. 46.5%; AOR, 1.07; 95% CI: 1.021.13); male sex (52.4% vs. 48.5%; AOR, 1.04; 95% CI: 1.01-1.08); and nursing home admission
at any point in previous year (63.6% vs. 48.0%; AOR, 1.10; 95% CI: 1.05-1.16). The following
comorbidities were associated with a higher likelihood of dying within 12months: fluid and
electrolyte disorders (AOR, 1.05; 95% CI: 1.01-1.08), weight loss (AOR, 1.12; 95% CI: 1.071.17), solid tumor without metastasis (AOR, 1.20; 95% CI: 1.12-1.28), and metastatic cancer
(AOR, 1.23; 95% CI: 1.10-1.38). Obesity was associated with reduced mortality (AOR, 0.91;
95% CI: 0.87-0.96).

Factors associated with readmission (Table S3): The odds of readmission were increased by 14%
if patients were admitted to a nursing home within 30 days of discharge from the hospital (75.6%
vs. 64.5%, AOR, 1.14; 95% CI: 1.10-1.18). The following comorbidities were associated with a
higher likelihood of readmission within 12 months: congestive heart failure (AOR, 1.06; 95%
CI: 1.03-1.10), diabetes (AOR, 1.06; 95% CI: 1.03-1.10), deficiency anemias (AOR, 1.05; 95%
CI: 1.01-1.09), and depression (AOR, 1.05; 95% CI: 1.00-1.10).
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DISCUSSION
We describe outcomes over 12-months for patients with COPD on LTOT who are treated with
invasive mechanical ventilation for acute COPD exacerbation. Although other investigators have
described outcomes for patients with COPD who receive mechanical ventilation,[6,17-21] ours is
the first study that describes outcomes for a large representative sample of non-rural COPD
patients, focusing in particular on patients with LTOT who received invasive mechanical
ventilation. Beyond mortality, we provide insights into the clinical care trajectories for patients
after mechanical ventilation in terms of readmission and nursing home admission.

Patients with advanced COPD are at increased risk for severe COPD exacerbations that require
critical care. Unfortunately patients are often not informed about the progressive nature of COPD
or the potential need for life-supporting technologies.[3] Our work may be useful to inform
patients‟ decision making about whether to accept invasive mechanical ventilation in the event of
respiratory failure due to COPD exacerbation, by describing and quantifying survival and
outcomes that may affect quality of life such as re-hospitalization and admission to nursing
home, after invasive mechanical ventilation.

In prior work we designed a Markov decision model synthesizing available clinical data to
simulate outcomes for patients with severe COPD who chose alternative advance directives for
mechanical ventilation. We estimated 54% 12-month mortality for severe COPD patients who
chose to receive invasive mechanical ventilation (Full Code advance directives) versus 57% for
patients who chose not to receive invasive mechanical ventilation (Do Not Intubate/DNI advance
directives). However, Full Code patients had increased re-hospitalizations and discharge to
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nursing home. Other investigators have indicated high mortality for patients with COPD who
require mechanical ventilation for COPD related respiratory failure. For example, Breen et al.
describe a 48.6% (95% CI: 61%–37%) 12-month mortality measured in a retrospective cohort
analysis of 74 patients admitted to the ICU with acute respiratory failure due to COPD. Their
cohort had a mean FEV1 of 0.74L corresponding to advanced stage COPD,[22] and 85%
received invasive mechanical ventilation. Our analysis measures a higher death rate of 68%
within 12-months of ICU admission, which is likely because we selected patients with more
advanced COPD as indicated by LTOT and only patients who were treated with invasive
mechanical ventilation. Our cohort was also older with a mean age of 74 as opposed to 64.

COPD is a leading cause of hospital readmissions[23]. Most studies report 30-day readmission
because this is more likely a marker of quality of care. The goal of our analysis was to describe
outcomes that may be helpful for patients in decision making, and we therefore describe longer
term readmission rates. Although the proportion of potentially preventable admissions cannot be
measured by this analysis, and it is feasible that quality of care improvement measures focusing
on transitions at hospital discharge would decrease some of these readmissions, these
readmissions also reflect the severity of underlying chronic disease and the „end-of-life‟ stage of
COPD.

In contrast to mortality and readmission rates, few studies have described discharge to nursing
home after mechanical ventilation for COPD respiratory failure. Although our current analysis
does not include data to assess functional capacity, more than 60% of nursing home residents
who have COPD require extensive assistance, or are totally dependent for activities of daily
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living in other studies. In addition, many patients are unable to be liberated from mechanical
ventilation and many of the 26.8% of patients we identified as being discharged to nursing home
within 30 days, may have remained on mechanical ventilation. Understanding the likelihood of
nursing home admission after mechanical ventilation for COPD exacerbation, described in our
study, may be valuable for patients‟ decision making.

Our study has several limitations. First, we used LTOT as a marker of COPD severity. We chose
this method as a surrogate marker of advanced/severe COPD because CMS data files do not
contain lung function tests. We believe oxygen supplementation is a valid surrogate marker of
COPD severity because patients with COPD typically require oxygen supplementation once their
lung function is very advanced.[18,24] Second, we excluded patients who had a claim for heart
failure at the index hospitalization in an attempt to keep the cohort restricted as much as possible
to COPD as a cause of respiratory failure. Because of this exclusion we are not able to describe
outcomes for patients with advanced COPD who were hospitalized for both COPD exacerbation
and heart failure. Third, as with all studies using claims-based data, although the definition of
COPD exacerbation classically excludes respiratory failure in patients with COPD due to
pneumonia and heart failure[25,26] misclassification is still possible. Fourth, because we did not
have access to the full set of Medicare claims data we were unable to distinguish between longterm care and short term SNF care in the nursing home. Fifth, there are limits on the
generalizability of our outcomes because the cohort was predominantly white and did not include
patients admitted to rural hospitals where practice patterns are likely different. Finally, because
this was a course-of-disease study, we did not compare outcomes from another group, such as an
exacerbated COPD cohort who did not receive invasive mechanical ventilation. A meaningful
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comparison would require the groups to have similar characteristics (e.g., health status and acuity
of illness) at the time of ICU admission, which we could not ascertain with the available data.

The outcomes we report have important implications for doctor-patient discussions about
prognoses in the event of acute COPD exacerbation, and could be useful to patients making
informed decisions about whether to accept invasive mechanical ventilation. Patients may
choose to use this information to prepare for possible outcomes, or to decide whether to accept
invasive mechanical ventilation. Future work will describe the quality of life for patients
discharged to a nursing home in an attempt to further inform advance care planning in patients
with advanced COPD.
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Table S1. Baseline Characteristics of ICU Admissions for Exacerbated COPD with
Mechanical Ventilation in 2008 (n=4,791).
Measure
Age, mean (standard deviation)
White
Female
Previous admission for COPD
In nursing home prior to admission
Comorbidities
Hypertension
Fluid and electrolyte disorders
Congestive heart failure
Diabetes w/o chronic complications
Deficiency anemias
Weight loss
Pulmonary circulation disorder
Renal failure
Depression
Peripheral vascular disorder
Obesity
Valvular disease
Neurological disease
Solid tumor without metastasis
Diabetes w/ chronic complications
Metastatic cancer

Count (%)
74.3 (6.4)
4,226 (88.2)
2,764 (57.7)
2,466 (51.5)
687 (14.3)
3,104 (64.8)
2,872 (59.9)
2,265 (47.3)
1,435 (30.0)
1,229 (25.7)
838 (17.5)
796 (16.6)
670 (14.0)
643 (13.4)
583 (12.2)
525 (11.0)
473 (9.9)
458 (9.6)
342 (7.1)
325 (6.8)
124 (2.6)
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Table S2. Factors Associated with Dying in the ICU and Dying within 1 Year of Discharge
for Severe COPD Patients Treated with Invasive Mechanical Ventilation for COPD
Exacerbation in 2008.
Died in hospital (n=4,791)

Died following discharge (n=3,677)

Factor

Unadjusted
Odds Ratio (95%
CI)

Adjusted
Odds Ratio (95%
CI)

Unadjusted
Odds Ratio (95%
CI)

Adjusted
Odds Ratio (95%
CI)

Age

1.04 (1.03,1.05) **

1.04 (1.03, 1.05) **

1.05 (1.04,1.06) **

1.01 (1.01, 1.01) **

White

1.34 (1.07,1.67) **

1.42 (1.13, 1.79) **

1.18 (0.97,1.43)*

1.07 (1.02, 1.13) **

Male
Had previous
admission for COPD
In nursing home prior
to admission

1.22 (1.06,1.39) **

1.17 (1.02, 1.35) **

1.16 (1.02,1.33) **

1.04 (1.01, 1.08) **

1.15 (1.07,1.23) **

1.05 (1.02, 1.09) **

1.28 (1.07,1.54) **

1.27 (1.05, 1.55) **

1.90 (1.56,2.30) **

1.10 (1.05, 1.16) **

Hypertension
Fluid and electrolyte
disorders
Congestive heart
failure
Diabetes w/o chronic
complications

0.81 (0.70,0.93) **

0.83 (0.71, 0.96) **

1.03 (0.90,1.18)

0.88 (0.77,1.01)*

0.89 (0.77, 1.02)

1.32 (1.16,1.51) **

1.05 (1.01, 1.08) **

0.89 (0.78,1.02)*

0.86 (0.74, 1.00) **

1.21 (1.06,1.38) **

1.03 (1.00, 1.06)*

0.71 (0.61,0.82) **

0.76 (0.65, 0.90) **

0.92 (0.80,1.06)

Deficiency anemias

0.98 (0.84,1.15)

Weight loss
Pulmonary
circulation disorder

1.39 (1.18,1.65) **

1.30 (1.09, 1.55) **

1.83 (1.53,2.19) **

1.15 (0.96,1.37)

1.25 (1.04, 1.51) **

1.08 (0.90,1.29)

Renal failure

1.35 (1.12,1.62) **

1.42 (1.16, 1.74) **

1.37 (1.13,1.66) **

Depression
Peripheral vascular
disorder

0.77 (0.63,0.95) **

0.84 (0.68, 1.04)

1.00 (0.83,1.20)

Obesity

0.59 (0.46,0.75) **

Valvular disease

0.95 (0.76,1.19)

Neurological disease
Solid tumor without
metastasis
Diabetes w/ chronic
complications

0.78 (0.61,0.99) **

0.77 (0.60, 0.98) **

1.19 (0.96,1.47)

1.38 (1.08,1.76) **

1.23 (0.94, 1.59)

2.73 (2.05,3.64) **

1.08 (0.83,1.41)

1.32 (0.99, 1.75)*

1.08 (0.83,1.40)

0.95 (0.88,1.02)

1.24 (1.07,1.43) **

1.09 (0.90,1.34)

1.12 (1.07, 1.17) **

1.04 (0.99, 1.09)

1.17 (0.96,1.43)
0.71 (0.55, 0.92) **

0.65 (0.53,0.80) **

0.91 (0.87, 0.96) **

1.26 (1.02,1.57) **

1.20 (1.12, 1.28) **

Metastatic cancer
2.06 (1.42,2.98) ** 1.92 (1.30, 2.84) ** 3.89 (2.24,6.78) ** 1.23 (1.10, 1.38) **
Note: Adjusted odds ratios are only reported for variables with significant associations at the p<0.05 level.
**p<0.05
*p<0.01
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Table S3. Factors Associated with Readmission within 12 months for COPD-LTOT
patients surviving index admission (n=3677).

Factor
Age
White
Male
In nursing home prior to index admission
Admitted to nursing home within 30 days
Hypertension
Fluid and electrolyte disorders
Congestive heart failure
Diabetes w/o chronic complications
Deficiency anemias
Weight loss
Pulmonary circulation disorder
Renal failure
Depression
Peripheral vascular disorder
Obesity
Valvular disease
Neurological disease
Solid tumor without metastasis
Diabetes w/ chronic complications
Metastatic cancer

Odd Ratios (95% CI)
Readmission
Unadjusted
Adjusted
0.98 (0.97,0.99) ** 0.99 (0.99, 1.00) **
0.75 (0.60,0.93) ** 0.94 (0.90, 0.98) **
0.92 (0.80,1.05)
0.99 (0.81,1.20)
1.70 (1.43,2.03)
1.14 (1.10, 1.18) **
1.30 (1.13,1.50) ** 1.03 (0.99, 1.06)
1.09 (0.95,1.25)
1.44 (1.25,1.66) ** 1.06 (1.03, 1.10) **
1.55 (1.33,1.81) ** 1.06 (1.03, 1.10) **
1.33 (1.13,1.56) ** 1.05 (1.01, 1.09) **
0.79 (0.66,0.94) ** 0.95 (0.91, 0.99) **
1.28 (1.06,1.56) ** 1.03 (0.99, 1.07)
1.37 (1.11,1.69) ** 1.07 (1.02, 1.12) **
1.47 (1.19,1.81) ** 1.05 (1.00, 1.10) *
1.33 (1.07,1.66) **
1.19 (0.96,1.48)
1.18 (0.93,1.49)
1.16 (0.92,1.46)
0.98 (0.74,1.29)
1.67 (1.23,2.27) **
1.02 (0.63,1.65)

Note: Adjusted odds ratios are only reported for variables with significant associations at the p<0.05 level.
**p<0.05
*p<0.01
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Figure legend
Figure S1. Consort diagram showing the definition of the study sample.
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