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Abstract

Quality of COPD care is thought to be an important intermediate process to improve the well-
being of patients admitted to hospital for exacerbation. We sought to examine the quality of
inpatient COPD care and the associations with readmission and mortality. We performed a cohort
study of 2,364 veterans aged over 40 and hospitalized for COPD between 2005 - 2011 at five
Department of Veterans Affairs hospitals. We examined whether patients received six guideline
recommended care items including short-acting bronchodilators, corticosteroids, antibiotics,
positive pressure ventilation (in cases of acute hypercarbic respiratory failure), chest imaging, and
arterial blood gas measurement. Our primary outcome was all-cause hospital readmission or death
within 30 days. Overall quality of care was not significantly associated with readmission or death
(acute care aOR 0.98; 95% CI1 0.87 — 1.11; ICU aOR 0.89; 95% CI 0.71 — 1.13). Delivery of
corticosteroids and antibiotics was associated with reduced odds of readmission and death (aOR
0.77; 95% CI1 0.61 - 0.92). Few patients received all of the recommended care items (18% of acute
care, 38% of ICU patients). Quality of care did not vary by race or sex but did vary significantly
across sites and did not improve over time. Our composite measure of COPD care quality was not
associated with readmission or death. Further efforts are needed to improve care delivery to
patients hospitalized with COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) exacerbations are a frequent cause of
hospital readmissions,! and account for approximately 50% of costs generated by patients
with COPD, now estimated at $3 billion annually.? In response to these costs, the Center for
Medicare and Medicaid Services (CMS) implemented a penalty for hospital systems with
excess hospital readmission rates.2 However, whether the delivery of high quality COPD
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care by hospitals affects readmission or patient-centered outcomes such as mortality is
unknown.

Several international organizations have produced clinical practice guidelines and strategy
documents for the management of COPD exacerbations.#6 Collectively, guideline panels
consistently recommended delivery of key therapies and processes for the management of
acute exacerbations of COPD. These items include diagnostic evaluation with chest imaging
and arterial blood gas; treatment with supplemental oxygen; short-acting bronchodilators;
systemic corticosteroids; respiratory antibiotics; and in cases of acute respiratory acidosis,
the use of invasive or noninvasive positive-pressure ventilation (NIPPV). Several of these
measures, such as chest imaging and treatment with supplemental oxygen, are based on
expert opinion.5-8 Others, such as treatment with systemic corticosteroids,?-11 antibiotics,
12,13 and NIPPV among patients with acute hypercarbic respiratory failurel415 have been
shown to have various benefits in studies of COPD exacerbations. These benefits have
largely focused on in-hospital measures, such as treatment failure. More recently, use of
antibiotics in conjunction with corticosteroids, has been associated with reductions in
readmission and mortality.12

A single prior study done more than a decade ago showed that only two thirds of patients
receive these recommended care items during hospitalization for an acute exacerbation of
COPD, but was unable to examine how quality of care changed over time or how quality
was associated with patient outcomes.18 Understanding the relationship of care quality with
readmission and survival could advance understanding between quality of care indicators
and outcomes as well as lead to development of novel approaches to intervention design that
improve outcomes for patients with COPD. The primary aim of this study was to understand
the association between quality of COPD care on primary outcome of 30-day readmission or
mortality.

METHODS

Data sources

We collected information from the Veterans Integrated Service Network (VISN)-20 data
warehouse (VISN20DW) that contains inpatient discharge diagnoses, diagnostic testing,
laboratory values, and outcomes, including dates of death. The VISN20DW also contains a
comprehensive reflection of medical services including detailed pharmacy records of drug
name, drug class and dosage both in the hospital or outpatient setting.

Study population

We identified patients admitted to the hospital for severe exacerbations of COPD from 2005
to 2011 in five centers that make up VISN-20 of the Veterans Affairs (VA) in the Pacific
Northwest region of the United States with ICU-level care available. We identified patients
40 years of age or older and were discharged with a primary diagnosis of COPD by ICD-9
codes (491.xx Chronic Bronchitis, 492.xx Emphysema, 493.2x, and 496.xx Chronic Airway
Obstruction).17-19 The CMS penalty includes these patients, and also those with a primary
diagnosis of acute respiratory failure and an additional diagnosis of COPD at the exact
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second position.29 We did not include this second group of patients to reduce the possibility
of misclassification of COPD with other conditions. We excluded patients who died during
the index hospitalization. The first admission during the study period was considered. Our
study was approved by the Institutional Review Board at the VA Puget Sound Health Care
System (#00461).

Measuring care quality for COPD

Our primary exposure of interest was the proportion of recommended care received during
inpatient treatment for a COPD exacerbation during the index hospitalization. We developed
a proportional measure of care quality based on the seven total inpatient recommended care
items from clinical practice guidelines produced by the American College of Physicians
(ACP) and the Global Initiative for Obstructive Lung Disease (GOLD) strategy.>6:16 We
assumed that all patients received oxygen therapy based on prior literaturel® and the
automatic inclusion of “as needed” oxygen to correct hypoxemia in admission orders within
our healthcare system. This resulted in five quality measures for patients admitted to acute
care, and six quality measures for those admitted to an ICU who qualified for NIPPV or
invasive mechanical ventilation. Each admission was allocated the appropriate denominator
of eligible care items based on admission to the ICU versus acute care floor. The proportion,
or fraction, of care received was then calculated into an appropriate care quality score.

To calculate the proportion of guideline recommended care received, we collected data
regarding in-hospital treatments and tests delivered during the index stay. We considered
various types of systemic steroids, and included prednisone, prednisolone,
methylprednisolone, hydrocortisone, and triamcinolone for analysis. We assumed that
corticosteroids delivered were indicated for treatment of a COPD exacerbation if the dose,
regardless of route, was equal to or greater than the equivalent of 20mg of prednisonel®
daily. We selected antibiotics if it provided plausible respiratory pathogen coverage,
including penicillins, cephalosporins, fluoroquinolones, macrolides, tetracyclines,
sulfonamides, vancomycin, clindamycin, carbapenems, and aminoglycosides. We recorded
treatment with short-acting beta-agonists and muscarinic antagonists via metered dose
inhaler or nebulization. Chest imaging included chest radiographs and computed
tomography (CT). We identified arterial blood gas measurements (including point of care
testing) from laboratory results including pH and P,CO,. We then determined whether acute
hypercarbic respiratory failure was present (pH < 7.35 and P,CO, = 456mmHg). To evaluate
for the appropriate use of NIPPV and/or mechanical ventilation, we recorded the use of
NIPPV or mechanical ventilation at any time point in the index hospitalization. We gave a
score of ‘one’ in our composite measure of quality of positive pressure ventilation was
administered in patients with respiratory acidosis on ABG. If positive pressure ventilation
was administered without an ABG or without respiratory acidosis, we assigned a score of
‘one’ in our measure. If respiratory acidosis was present, but positive pressure ventilation
was not applied, a score of “zero” was assigned.

COPD. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Spece et al.

Page 4

Primary outcome

We defined the primary outcome as a composite measure of mortality or readmission from
any cause within thirty days of discharge from index hospitalization.2! The discharge date
was set as the index date.

Patient and hospital characteristics

We examined a range of individual characteristics including: demographics (age, sex, race),
body mass index (BMI), and smoking status. We collected smoking status via validated
methods from health factors data that is collected annually at minimum.22:23 We assessed
overall COPD severity through the prescription of inhaled controller medications (such as
long-acting muscarinic antagonists, long-acting B, agonists), and prescription of systemic
steroids in the previous year.2# Spirometry results were not available for this cohort.

Five sites had inpatient hospital services including ICU level care. We categorized these as
academic if they were affiliated with a University program. Three of these sites had an
academic affiliation.

Statistical analysis

We used two-tailed t-tests for means, Mann-Whitney nonparametric tests for medians, and
chi-square tests for proportions for bivariate analyses, as appropriate. We used one-way
analysis of variance (ANOVA) to test for differences in mean care scores by year and by
facility site. We built logistic regression models to assess for associations between both the
acute care and ICU quality scores and our outcome. We added known risk factors for COPD
exacerbations and increased disease severity and mortality into the final adjusted model,
including patient age, smoking status,2> and BMI.26 We also added receipt of systemic
corticosteroids in the year prior to admission as a marker of COPD severity and exacerbation
history. We adjusted for comorbidities that may confound the delivery of COPD care items,
and included obstructive sleep apnea (OSA), diabetes mellitus (DM), and congestive heart
failure (CHF). We used Stata 14 (College Station, TX) software for all analyses.

Sensitivity analysis

To address concerns about potential of misclassification of COPD exacerbations, we
excluded patients who did not receive either corticosteroid or antibiotic therapy during the
index hospitalization. Given the additional possibility of misclassification of COPD
exacerbations by pneumonia, we also excluded those with concomitant discharge diagnosis
for pneumonia by 1CD-9 code. We also examined the receipt of corticosteroids and
antibiotics, separate from the proportional measure of care quality, as these therapies have
been shown to be beneficial when examining these outcomes. In a post-hoc analysis, we
collected data on discharge therapies provided to patients after COPD exacerbation. Data
regarding tobacco cessation was collected from orders for nicotine replacement therapy,
varenicline, and bupropion. Referrals for pulmonary rehab were obtained from the
VISN20DW.
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RESULTS

We identified 2427 patients who were eligible for entry into our cohort (Figure 1). Sixty-
three patients (3.6%) died during the index hospitalization. Of the 2364 remaining in the
cohort, 97.0% were males, 82.7% were white, and 18.0% (n=424) were admitted to the ICU.
Half of patients were active smokers (51.0%, n=1206) and treated with long-acting
bronchodilators (36.3% n=859). Readmission or death occurred among 16.2% (n=382) of
patients within 30 days following discharge from index hospitalization. Ninety-six patients
(4.1%) died within 30 days, with a median length of survival of 14.7 days (IQR 6.9-22.9).

The majority of the cohort received chest imaging (89.1%, n=2107), short-acting
bronchodilator therapy (85.6%, n=2025), systemic corticosteroids (84.8%, n=2005), and
antibiotics (74.3%, n=1756) (Figure 2). Fluoroquinolone monotherapy was the most
common antibiotic regimen. A minority of patients had at least one arterial blood gas
analysis (38.1%, n=905). Of those who underwent ABG analysis, 299 patients (33.0%) had
acute respiratory acidosis, and 200 (22.1%) went on to receive either NIPPV or mechanical
ventilation. There were 182 patients with respiratory acidosis that did not receive positive
pressure ventilation. Overall, 11.8% (n=279) of the cohort received positive pressure therapy
either invasively or non-invasively. Few patients (3.3%, n=79) received positive pressure
ventilation and did not have an ABG measurement. Among those that receive positive
pressure ventilation, 48% were obese (n=134), 15% had a diagnosis of OSA (n=42), and
20% had a diagnosis of pneumonia (n=57).

Less than one in five of the 1940 acute care patients (18.1%, n=351) received all five
recommended care items with a mean score of 3.61 (SD 1.05). A greater proportion of
patients received all six items in the ICU (38.2%, n=162) with a mean score of 5.05 (SD
0.97) (Figure 2). Among those patients who received an ICU score of five (n=164), 66.4%
(n=109) did not receive recommended positive-pressure ventilation, 23.8% (n=39) did not
receive antibiotic therapy, and 22.6% (n=37) did not receive arterial blood gas analysis.

Among patients admitted to the ICU, those older than 70 years received fewer services when
compared to younger patients in the ICU (4.92 versus 5.12, p-value 0.04). Patients older than
70 years of age (n=1008) received chest imaging (90.7%, n=901), ABG analysis (36.1%,
n=358), SABA (85.2%, n= 846), and antibiotics (75.1%, n=746) similarly to younger
patients. However, older patients received fewer treatments with corticosteroids (82.9%,
n=823) and NIPPV and/or mechanical ventilation (8.9%, n=90). ICU and acute care scores
did not vary significantly by race or sex.

In a post-hoc analysis of discharge therapies prescribed to patients, 14.8% (n=179) of
current smokers were prescribed medications for tobacco cessation (including nicotine
replacement, bupropion and varenicline). Six patients (<1%) were referred to pulmonary
rehab. Addition of these metrics to our acute and ICU care scores did not significantly
change our results.

Care quality did vary significantly by site for both levels of care (acute care score range 3.40
- 4.06, F-statistic 18.1, p-value <0.001; ICU score range 4.65 - 5.48, F-statistic 7.2, p-value
<0.001). When comparing academic and non-academic sites, there was significant variation
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favoring academic sites in ICU level care (4.75 versus 5.12; p-value <0.001) but did not
differ for acute level care (3.60 versus 3.61; p-value 0.96). When examining the six
individual components of the score, the delivery of short-acting bronchodilators and
systemic corticosteroids did not vary by site. However, the use of chest imaging and arterial
blood gas analysis, in addition to treatment with antibiotics and positive pressure ventilation
did vary significantly by site (Figure 2). The quality of COPD care did not change over time
(Figure 3) when analyzing the mean score by year for both acute care (F-statistic 1.85, p-
value 0.06) and ICU care (F-statistic 1.26, p-value 0.27).

In a multivariable logistic regression model, the quality score was not associated with
readmission or death for either acute care patients (aOR 0.98; 95% CI1 0.87 — 1.10) or those
admitted to the ICU (aOR 0.92; 95% C1 0.72 — 1.17) in adjusted analysis (Table 1).
However, administration of dual corticosteroid and antibiotics therapy during the index stay
was significantly associated with a reduction in readmission and mortality (aOR 0.77; 95%
Cl 0.61 - 0.96). There were 151 patients (6.3%) who did not receive either corticosteroid or
antibiotic therapy. Their exclusion for our sensitivity analysis did not significantly alter our
findings. The results were also similar when excluding patients with pneumonia.

DISCUSSION

We found that the majority of patients admitted to the hospital for a COPD exacerbation do
not receive all care processes recommended by clinical practice guidelines. However, our
composite measure of care quality was not associated with readmission and/or mortality.
Among those measures known to improve outcomes in COPD exacerbations, we found that
receipt of both antibiotics and corticosteroids was associated with significantly lower odds
of readmission and death. We also found significant variation in care quality across medical
facilities, although collectively, our measures of quality of care did not change over time.

There are a number of explanations for our findings. First, our measure of quality may not
truly reflect the actual quality of care delivered to patients, since it may not adequately
reflect all care processes that lead to outcomes such as hospital readmission. Measures of
inpatient quality are constructed focusing on components of recommended inpatient
services, and therefore will not include those care processes including outpatient care and
social determinants of health,27:28 that are highly likely to affect outcomes.2? Second, our
quality measure encompassed diagnostic and therapeutic variables and each was weighted
equally. When examining the individual components of our quality measure, we did find that
treatment with steroids and antibiotics was associated with reduced odds of readmission and
death. Future work development of a quality process measure should include receipt of
therapies for COPD exacerbations and focus on improvement of patient outcomes in COPD.
Our findings bolster the argument against the CMS penalty for COPD in that there is a lack
of evidence to support that readmissions are a function of the quality of inpatient COPD
care.

Older patients did not receive as many care items as their younger counterparts when
examining patient-level factors in the ICU. The lower mean care score is explained by the
differing use of positive pressure ventilation, whether non-invasive or invasive, in this older
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age group. Lower rates of use in this age group may not reflect poor delivery of care but may
instead be explained by patient preference in the setting of older age and critical illness.
There was no mean difference in care quality scores in older patients in the acute care
setting, where positive pressure ventilation is not an available treatment. Future design of
quality metrics in COPD care should consider patient preferences and could explain our
findings.

Our study found that only 12% of hospitalized patients with COPD received positive
pressure ventilation therapy. Positive pressure ventilation was likely underused in this cohort
of patients with severe COPD exacerbations. This therapy has been shown to have a
beneficial effect on the outcome of in-hospital mortality in multiple studies.3% Our study did
not assess in-hospital mortality, but a new study has demonstrated the benefit of NIV on
longer-term outcomes such as admission-free survival in patients suffering from severe
COPD exacerbations and persistent hypercapnia when discharged with NIV.3! It is possible
that increasing the use of NIV or mechanical ventilation both in the hospital and home
settings would improve patient outcomes and should be the subject of future study.

Care quality varied widely by site in our study, with significant variation in the delivery of
antibiotics. Previous studies have described such variability but were either under-powered
or did not find the variability in quality to be explained by hospital type.16:32 We did find
that care varied by academic affiliation in the ICU setting. This likely represents a local
pattern reflective of the availability of critical care and pulmonary specialists at the three
academic sites in our region. Overall, site variation offers an opportunity to further examine
health systems and structure to improve care delivery at the site-level.

Our study found that the quality of COPD care did not change over time. This cohort
predates the 2014 CMS penalty for excess readmissions for COPD and future studies should
examine for changes around the time of the penalty. Additionally, the studies published
regarding the benefit of antibiotics in severe COPD exacerbations were mostly published
after the time of this cohort,12:33 and prior guidelines recommended conditional use in those
with purulent sputum. Antibiotic delivery may change with increased knowledge
dissemination of the benefit of antibiotics and recent guideline and strategy document
revisions for severe exacerbations of COPD. Broad organizational efforts have led to the
implementation of programs that have improved quality for heart failure measures and a
decline in CHF-related mortality.34 A similar organizational emphasis does not exist for
COPD, but may be similarly beneficial and improve COPD-related care quality in the future.

Our study has limitations. First, this study utilized clinical administrative data and we did
not have symptoms or spirometry to discern aspects of COPD severity and confirm
diagnosis via airflow obstruction. We have previously found that although the sensitivity of a
primary discharge diagnosis was poor, the specificity for airflow obstruction was found to be
99%.17 Using our inclusion criteria by diagnosis codes also provides a “real world”
examination of a COPD population, especially since the CMS penalty does not require
spirometric confirmation. This study was solely within the Department of Veterans Affairs,
which serves predominantly men of lower socioeconomic means. This limitation, however,
should not impact patterns of care delivery.
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This study had a number of important strengths. First, the VISN20CDW allows for the
assessment of other important markers of disease severity, including outpatient inhaler use
and the history of prior exacerbations. Second, we had a complete assessment of all hospital
admissions for a COPD exacerbation across a large geographic region, and across
community and academic facilities, enhancing generalizability and making idiosyncratic
practices less likely to impact our findings. Finally, we had the ability to examine practice
patterns over time, which has never been previously reported.

CONCLUSION

Our composite measure of care quality was not associated with outcomes of readmission or
death, but the delivery of antibiotics and corticosteroids did show benefit. Future efforts are
needed to improve delivery of therapies for COPD exacerbations in the hospital setting.
Future study is needed to identify and develop quality process measures that are associated
with improved patient outcomes in COPD.
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from 2005 to 2011

2,427 veterans discharged with COPD

\ 4

\ 4

63 died during index hospitalization

2,364 veterans discharged with COPD

by ICD-9 codes

424 intensive care patients

1,940 acute care patients

Figure 1.
Cohort selection diagram
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Recommended Therapies Composite Measures
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Figure2.
Performance data for the 5 hospitals

The line in the middle of each box represents the median performance rate and the box
extends to the interquartile range (IQR). The whisker lines emerging from the boxes extend
to the maximum and minimum values. The /deal acute care composite measurement
indicates receiving all of the following five therapies recommended by guidelines: short-
acting bronchodilators, steroids, antibiotics, chest radiography and arterial blood gas
measurement. The /deal /CU care composite measurement indicates receiving all of the five
therapies from acute care in addition to the appropriate use of positive-pressure ventilation
for acute hypercarbic respiratory failure. ABG = arterial blood gas.
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Figure 3.

Delivery of guideline recommended COPD care over years 2005-2011
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Table 1.

Inpatient quality care scores are not associated with patient outcomes. All values expressed as adjusted odds
ratios (95% confidence interval). Values are adjusted for patient age, BMI, smoking status, diabetes,
obstructive sleep apnea, congestive heart failure and prior COPD exacerbation history.
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Acutecarescore | Readmit/Death Readmit Death

0-3 (n=738) 0.92 (0.71-1.17) | 0.94 (0.72-1.25) | 0.68 (0.42-1.09)
4 (n=851) 0.98 (0.79-1.23) | 0.88 (0.64-1.21) | 0.66 (0.42-1.06)
5 (n=351) 0.75 (0.53-1.05) | 0.77 (0.56-1.11) | 0.55 (0.33-1.30)

ICU care score

0-4 (n=98) 1.04 (0.59-1.85) | 1.04 (0.57-1.97) | 1.12 (0.48-2.59)
5 (n=164) 0.96 (0.54-1.67) | 0.96 (0.51-1.79) | 0.90 (0.39-2.10)
6 (n=162) 0.74 (0.44-1.26) | 0.61 (0.33-1.13) | 0.92 (0.44-1.94)
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