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Introduction: COPD is the third leading cause of death in the world. Utilizing care bundles 

during acute COPD exacerbations results in fewer complications and lower costs. Our aim was 

to construct a COPD exacerbation care bundle and evaluate the effects on patient care.

Methods: We conducted a prospective analysis of 44 patients admitted with a COPD exacerba-

tion to a single tertiary care facility. Primary outcomes included length of stay, readmission rates, 

and hospital costs. Secondary outcomes included patient education, pulmonologist follow-up, 

and timeliness of medication administration. Two cohorts were analyzed: those treated with 

an electronic COPD care bundle (cases; N=22) versus those treated without the care bundle 

(controls; N=22).

Results: Mean length of stay (51.2 vs 101.1 hours in controls; P-value =0.001), 30-day 

readmission rates (9.1% vs 54.4% in controls; P-value =0.001), and 60-day readmission rates 

(22.7% vs 77% in controls; P-value =0.0003) decreased in the care bundle group. Ninety-day 

hospital costs had a significant difference in the care bundle group (US$7,652 vs US$19,954 in 

controls; P-value =0.044). Secondary outcomes included a 100% rate of COPD inhaler teaching 

(vs 27.3% in controls; P-value ,0.001), 59.1% rate of pulmonologist follow-up after discharge 

(vs 18.2% in controls; P-value =0.005), and a mean reduction in time to steroid administration 

(7.0 hours; P-value =0.015) seen in the care bundle cases.

Conclusion: Our significant findings coupled with the recent success of standardized algorithms 

in managing COPD exacerbations stress the importance of enforcing clinical guidelines that can 

enhance patient care. We demonstrated improved care for COPD exacerbation patients during 

hospitalizations, thereby decreasing morbidity and the financial burden hospitals face in regard 

to this increasingly prevalent disease.
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Introduction
COPD is a respiratory condition characterized by airflow inflammation that has become 

the third-ranked cause of death in the world.1 COPD is not only a leading cause of 

mortality and morbidity worldwide but also has translated to a significant economic 

and social burden that continues to expand.2 An acute COPD exacerbation is defined 

as a change in the patient’s baseline respiratory status and development of respiratory 

symptoms that generally warrants an adjustment in the patient’s regular medication 

regimen.3 COPD exacerbations are associated with increased mortality, with in-hospital 

mortality ranging from 3% to 9%.4 As a consequence of high prevalence, COPD 

exacerbations involve significant resource utilization, including frequent clinic visits, 

multiple hospitalizations, and chronic therapeutic interventions.5

The burden of COPD on the health care system is directly related to the increasing 

number of COPD exacerbations. Global health care costs for COPD exacerbations 
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increased by ~40% between the 1980s and 2000s, and since 

then, have continued to increase at ~5% annually and are 

projected to increase by 60% by the year 2030.5,6 Recent 

estimates suggest that aggregate costs for COPD exacerba-

tions in US are ~$4 billion.5 In Europe, COPD accounts for 

more than half of the total health care budget attributed to all 

respiratory diseases, and estimates of $15 million per 100,000 

patients have been calculated.7,8

Health care costs attributed to COPD continue to escalate 

because of increasing length of stay and readmission rates. 

Length-of-stay rates for acute COPD exacerbation range from 

4.5 to 8.8 days.9,10 Meanwhile, COPD is now the fourth leading 

cause of 30-day readmissions.11 In fact, COPD readmissions, 

along with cardiac disease, cause the largest number of 

readmissions globally.12 Factors associated with increased 

readmission rates in COPD patients have been studied, and 

attempts to establish risk predictors have been made.13,14 In 

particular, variables for increased readmission rates include 

longer length of stay during initial hospitalization, COPD 

severity as defined by Global initiative for chronic Obstructive 

Lung Disease criteria, comorbidities, and age of patients.15–18 

Subsequently, these same factors have shown to play a direct 

role in increasing hospital costs of COPD patients and increase 

health care resource utilization.19–22

Inappropriate use of medications during and after hos-

pitalizations and failure to receive appropriate referrals for 

subspecialty care and pulmonary rehabilitation are key com-

ponents to the substandard care being currently practiced for 

COPD exacerbations. An expanding body of literature states 

that providing clinicians with access to automated clinical 

decision support tools can improve quality of care and patient 

safety. A prime example of a clinical decision support tool is 

the standardized care bundle, which has become fundamental 

in shaping and improving patient care. The use of standardized 

care bundles has gained popularity in recent years with the 

increased utilization of electronic medical records (EMRs).

Evidence suggests that the use of automated tools during 

inpatient management of patients results in fewer complica-

tions, lower mortality rates, and lower costs.23 One study eval-

uated the use of an evidence-based care bundle in cirrhotic 

patients presenting with gastrointestinal bleeding.24 Factors 

such as timeliness of antibiotic and octreotide administration 

were measured, with better results seen in the experimental 

group that utilized the care bundle. Similarly, .3,000 patients 

were studied in an investigation examining the use of a care 

bundle in patients presenting with pneumonia.25 Results 

were significant for decreased inpatient mortality and reduc-

tions in hospital costs in the experimental arm that used the 

pneumonia care bundle. Multiple studies evaluating the use of 

standardized care bundles in the management of heart failure 

exacerbations were able to show reduced 30-day mortality 

and 30-day readmission rates.26–28 Meanwhile, evidence-based 

care bundles have been used in the management of sepsis and 

septic shock with results significant for earlier administration 

of antibiotics, improved 30-day mortality, less utilization of 

vasopressors, and decreased length of stay.29–31 Studies that 

examined care bundle use for surgical admissions have also 

proven to reduce length of stay and hospital costs.32–35

Creating an evidence-based care bundle that applies 

the recommended guidelines for COPD exacerbations can 

directly have a beneficial effect on patient care and health 

care costs.36 Our study’s aim was to construct a COPD exac-

erbation care bundle and then evaluate its effects on clinical 

practice and outcomes.

Methods
Hospital care bundle
The COPD exacerbation care bundle was developed by a 

committee including critical care physicians, pulmonologists, 

general internists, pharmacists, respiratory therapists, and 

registered nurses. The content of the care bundle was driven 

by the recommended guidelines for COPD exacerbations.34 

Given the simplified use of the care bundle, formal train-

ing was not required for incorporating the care bundle into 

management plans. The electronic care bundle was defined 

as the COPD module.

Specifically, the COPD module included sections 

focusing on standard nursing protocols, patient education 

regarding appropriate inhaler technique, and medication 

options for inhalers, nebulizers, steroids, and antibiotics 

(Figure 1). An additional aspect of the order set focused on 

important measures at time of discharge, including provid-

ing patients with referrals to see outpatient pulmonologists 

(Figure 2). The COPD module was incorporated into the 

hospital’s medical record system, Epic (Epic, Verona, WI, 

USA; 2010). The decision to use the COPD module and its 

components was at the discretion of the treating physician, 

and the investigators had no influence on whether or not the 

treating physicians opted to use it.

Study design
A prospective, observational study design was used, enrolling 

consecutive patients who were admitted to Rush University 

Medical Center from January 2015 to June 2015 with COPD 

exacerbations, as defined by their International Classification 

of Diseases-9 coding. The Institutional Review Board of 
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Rush University Medical Center approved the study, and 

the requirement for informed consent was waived as use of 

the care bundle was the decision of the ordering physician 

(ORA: 14092607-IRB01).

Inclusion criteria included patients admitted with COPD 

exacerbations. Patients admitted for varying pulmonary 

obstructive diseases, such as asthma and bronchitis, were 

excluded. Primary outcomes that were evaluated included 

hospital length of stay, 30- and 60-day readmission rates, and 

hospital costs. Secondary outcomes included patient education 

provided by respiratory therapists, pulmonologist follow-up 

after discharge, time to antibiotic administration, time to 

steroid administration, and time to nebulizer administration.

Statistical analysis
Mean differences in continuous variables between cases and 

controls were determined by independent Student’s t-test. 

Differences in nominal variables between cases and controls 

were determined by chi-square test. Odds ratios (ORs) were 

calculated for difference between 30-day readmission rates, 

60-day readmission rates, length of stay, COPD inhaler teach-

ing, time to medication administration, and pulmonologist 

follow-up between the groups. Mean decrease in length of 

stay for cases as compared to controls was calculated. All data 

analysis was performed using SPSS statistical software.

Results
A total of 44 patients with COPD exacerbations were 

analyzed. Cases were considered those who integrated 

the  use of the COPD module (N=22), and controls were 

those without the use of the COPD module (N=22). Base-

line characteristics were compared between cases and 

controls (Table 1). The total COPD cohort population had 

an increased proportion that was male (59.1%) and African 

Figure 1 Medication options for inhalers, nebulizers, steroids, and antibiotics.

Figure 2 Orders at time of discharge.
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American (75%). Sex distribution (P-value =1.000), mean 

age (P-value  =0.221), ethnicity (P-value =0.489), and 

smoking status (P-value =0.680) were similar between both 

cases and controls of the study.

Additional characteristics were obtained regarding both 

groups of patients, including severity of COPD as defined 

by forced expiratory volume in 1  second (FEV
1
) levels. 

Both groups had comparable mean FEV
1
 (cases: 53.9%, 

controls: 41.0%; P-value =0.301), comparable percentage 

of prior admissions for COPD exacerbations (cases: 72.7%, 

controls: 72.7%; P-value =1.000), and a comparable 

proportion of prior appointments with pulmonologists 

(cases: 40.9%, controls: 40.9%; P-value =1.000). In total, 

14  patients (31.8%) were admitted to the intensive care 

unit, eight of those being cases (36.4%) and six being 

controls (27.2%).

Mean length of stay (in hours), 30- and 60-day readmis-

sions, and 90-day aggregate hospital costs were assessed as 

primary outcomes (Table 2). The experimental group had a 

mean length of stay of 51.2 hours (~2.13 days). The control 

group had a mean of 101.1  hours (~4.21  days). A  mean 

difference of 49.95 hours (P-value =0.001) suggests a signifi-

cant reduction in length of stay with use of the COPD module. 

Meanwhile, two patients (9.1%) had a 30-day readmission in 

the experimental group, while 12 patients (54.5%) had 30-day 

readmissions in the control group. For 60-day readmissions, 

there were five patients (22.7%) with a readmission in the 

experimental group and 17 patients (77%) in the control group. 

Table 1 Baseline characteristics of COPD patients admitted with exacerbation

Characteristics All patients (N=44) Cases (N=22) Controls (N=22) P-value

Sex 1.000
Male 26 (59.1%) 13 (59.1%) 13 (59.1%)
Female 18 (40.9%) 9 (40.9%) 9 (40.9%)

Age (mean) 66.00 (61.8, 70.1)a 63.45 (57.3, 69.6)a 68.55 (62.6, 74.4)a 0.221
Ethnicity 0.489

African American 33 (75%) 17 (77.3%) 16 (72.7%)
Caucasian 10 (22.7%) 4 (18.2%) 6 (27.2%)
Hispanic 1 (2.3%) 1 (4.5%) 0 (0.0%)

Previous PFTs 20 (44.5%) 15 (68.2%) 5 (22.7%) 0.002
FEV1 (mean) 50.2 (38.7, 61.3)a 53.9 (39.3, 68.4)a 41.0 (18.7, 63.3)a 0.301
Previous COPD exacerbation hospitalizations 32 (72.7%) 16 (72.7%) 16 (72.7%) 1.000
Previous appointments with pulmonologist 18 (40.9%) 9 (40.9%) 9 (40.9%) 1.000
Admission to ICU 14 (31.8%) 8 (36.4%) 6 (27.2%) 0.322
Smoking status 0.680

Never smoker 7 (15.9%) 3 (13.6%) 4 (18%)
Prior or current smoker 37 (84.1%) 19 (86.3%) 18 (82%)

Note: a95% confidence intervals.
Abbreviations: PFTs, pulmonary function tests; FEV1, forced expiratory volume in 1 second; ICU, intensive care unit.

Table 2 Differences between primary and secondary outcomes in cases and controls

Measurable Cases (N=22) Controls (N=22) Odds ratio/
mean decrease

P-value

Length of stay (mean) (hours) 51.2 (34.7, 67.6)a 101.1 (78.1, 126.2)a 49.95b 0.001
30-day readmission 2 (9.1%) 12 (54.5%) 0.08c 0.001
60-day readmission 5 (22.7%) 17 (77%) 0.09c 0.0003
Aggregate 90-day hospital costs 
(mean) (USD)

7,652 (3,982, 11,321)a 19,954 (8,463, 31,445)a 12,302b 0.044

COPD inhaler teaching provided 
by respiratory therapist

22 (100.0%) 6 (27.3%) 3.66c ,0.001

Pulmonary outpatient follow-up 
after discharge

13 (59.1%) 4 (18.2%) 6.5c 0.005

Time to steroid administration 
(mean) (hours)

2.0 (1.14, 2.95)a 9.09 (3.5, 14.6)a 7.0b 0.015

Time to antibiotic 
administration (mean) (hours)

4.3 (2.6, 5.9)a 9.01 (4.1, 13.9)a 4.7b 0.069

Time to nebulizer administration 
(mean) (hours)

3.05 (1.9, 4.2)a 5.18 (1.4, 8.9)a 2.12b 0.585

Notes: a95% confidence intervals. bMean decrease between cases and controls. cOdds ratio between cases and controls.
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These findings support significant reduction in 30- and 60-day 

readmissions with use of the COPD module (P-value =0.001 

and 0.0003, respectively). Difference in 90-day hospital costs 

($7,652 in cases vs $19,954 in controls; P-value =0.044) 

was statistically significant as well. Secondary outcomes 

that were evaluated included a 100% rate of COPD inhaler 

teaching from the cases and only 27.3% in the control group 

(P-value ,0.001). In addition, 13 patients (59.1%) estab-

lished follow-up with a pulmonologist after discharge in the 

experimental arm, while only four patients (18.2%) did from 

the control arm (P-value =0.005). The COPD module group 

had a mean time to steroid administration of 2.0 hours (95% 

confidence Interval [CI]: 1.14, 2.95), time to antibiotic admin-

istration of 4.3 hours (95% CI: 2.6, 5.9), and time to nebulizer 

administration of 3.05 hours (95% CI: 1.9, 4.2) as compared 

to 9.09 (95% CI: 3.5, 14.6), 9.01 (95% CI: 4.1, 13.9), and 

5.18 hours (95% CI: 1.4, 8.9), respectively, for the control 

group. There was a mean reduction in steroid administration 

by 7.0 hours (P-value =0.015) with the use of the COPD mod-

ule. There was no statistically significant reduction in time to 

antibiotic and nebulizer administration, however.

Discussion
Interpretation of the results
Our study shows that use of the standardized COPD module 

for patients admitted with COPD exacerbations reduces the 

length of stay by 49.95 hours (2.08 days) and significantly 

reduces 30- and 60-day readmission rates as well. With 

decreased readmissions and decreased length of stay, 90-day 

aggregate costs were also significantly lower in the COPD 

module-used group, with a mean decrease of $12,302. These 

results support the use of a standardized COPD module to 

decrease length of stay, readmission rates, and hospital costs. 

In addition, we evaluated factors in our COPD module, 

which could have contributed to this difference. We found 

a statistically significant difference in COPD inhaler teach-

ing by respiratory therapists (OR =3.66) and pulmonologist 

follow-up after discharge (OR =6.50). Increase in both COPD 

inhaler teaching by respiratory therapists and post-discharge 

pulmonary follow-up are the likely drivers for the decreased 

readmission rates. The COPD inhaler teaching by the respira-

tory therapists allowed patients to correctly use their inhalers, 

and hence, avoid a future readmission for worsening COPD. 

Timely post-discharge pulmonary follow-up, meanwhile, 

likely allowed for appropriate medication adjustments to 

avoid readmission as well.

For secondary outcomes, we also evaluated time to anti-

biotic administration, time to steroid administration, and time 

to nebulizer administration as surrogates for timely delivery 

of appropriate treatment for COPD exacerbations. We found 

a significant reduction in time to steroid administration by 

7.0  hours (P-value =0.015) with use of the standardized 

COPD module. We observed a trend in both time to antibi-

otic administration (mean decrease of 4.7 hours) and time 

to nebulizer administration (mean decrease of 2.12 hours) 

in the cases group, as well. These findings suggest that 

earlier administration of steroid and antibiotics, in addition 

to nebulizer therapy, resulted in improved control of COPD 

exacerbation symptoms, and eventually, facilitated earlier 

discharge. Overall, use of the standardized COPD module 

enabled a more efficient and timely delivery of treatment in 

patients with COPD exacerbations and thereby resulted in 

a 49.95-hour decrease in length of stay. Our data strongly 

suggest the use of standardized care bundles to facilitate 

efficient and effective treatment to patients with COPD 

exacerbations.

Comparison to literature
While investigations have evaluated the use of nonelectronic 

algorithms to standardize COPD management, an EMR-

based care bundle has yet to be studied. A paper-based 

clinical guide for COPD management was able to show a 

decrease in 30-day readmission rates from 28% to 6.25%.37 

This guide focused on importance of patient education, 

medication reconciliation, and post-discharge follow-up. 

Another similar intervention showed a reduction in hospital-

incurred costs per COPD patient, decreased from $613 to 

$128 per patient.38 Care bundles, which focus on evidence-

based management of COPD, have also been able to show 

reduced 30-day readmission rates as well as improve compli-

ance in COPD patients.39

The significant data of secondary outcomes from our care 

bundle intervention have been mirrored in COPD research 

as well. A recent investigation showed that ensuring pul-

monologist follow-up after discharge for COPD patients 

helps decrease readmission rates.40 Inhaler compliance and 

inhaler technique teaching has also been shown to decrease 

both 30- and 60-day readmission rates. Additionally, timeli-

ness of appropriate COPD treatment, which was defined as 

within 4 hours of hospital admission, was associated with a 

40% lower inpatient mortality.41

Limitations
Our study has some limitations. Firstly, it was performed 

within a single tertiary care institution in a university 

hospital setting, which may not be applicable to other 
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treatment settings. Secondly, the possibility of selection bias 

exists where potentially stable patients received the COPD 

module more often than acutely ill patients. However, our 

baseline characteristics of mean FEV
1
, mean age, and similar 

rates of admissions to the intensive care unit show that both 

groups were relatively similar in regard to severity of illness. 

Regardless, the decision of whether or not to use the COPD 

module was left to the treating physician. Lastly, our popu-

lation number was not powered to reflect mortality benefit. 

In the future, a multicenter and long-term investigation is 

warranted in order to evaluate a larger patient population 

and further distinguish the potential impact of a care bundle, 

as EMRs are becoming a more integrated and vital aspect 

of hospital care.

Conclusion
COPD is a disease that presents a public health challenge 

worldwide. Increasing mortality rates, health care costs, 

and prevalence are directly influencing the global health 

burden of the disease. This burden continues to increase as 

a result of continued exposure to COPD risk factors and the 

aging of the population.42 Given the significant findings seen 

in our investigation and the recent success of standardized 

algorithms in managing COPD exacerbation patients, the 

importance of establishing clinical tools that can enhance 

patient care cannot be understated.

Measurable outcomes from this investigation have proven 

the magnitude of standardized care bundles in the appropri-

ate setting. These demonstrated results, combined with the 

changing health care environment and integration of EMRs, 

have given care bundles a new place of prominence in the 

hospital setting.

COPD is a disease that is directly contributing to the 

global health crisis by occupying significant resources, creat-

ing debilitating symptoms for patients, and worsening overall 

quality of life. Our study’s COPD exacerbation module 

provides a process for translation of evidence-based therapy 

into everyday practice within the hospital, and by doing so, 

decreases the patients’ morbidity and the financial burden 

hospitals face with this increasingly prevalent disease.

Disclosure
The authors have no relevant financial or nonfinancial rela-

tionship in regard to the information described, reviewed, 

and evaluated in this manuscript.
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