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Background: Systemic corticosteroids (SC) are an integral part of managing acute exacerbations 

of COPD (AECOPD). However, the optimal dose and duration vary widely in clinical practice. 

We hypothesized that the use of a “PowerPlan” order set in the electronic health system (EHS) 

that includes a 5-day SC order would be associated with a reduced steroid dose and length of 

stay (LOS) for individuals hospitalized with AECOPD.

Patients and methods: We conducted a retrospective cohort study of Medicare recipients 

discharged with an AECOPD diagnosis from our University Hospital from 2014 to 2016. 

Our EHS-based “COPD PowerPlan” order set included admission, laboratory, pharmacy, and 

radiology orders for managing AECOPD. The default SC option included intravenous methyl-

prednisolone for 24 hours followed by oral prednisone for 4 days. The primary endpoint was 

the difference in cumulative steroid dose between the PowerPlan and the usual care group. 

Secondary endpoints included hospital LOS and readmission rates.

Results: The 250 patients included for analysis were 62±11 years old, 58% male, with an FEV
1
 

55.1%±23.6% predicted. The PowerPlan was used in 72 (29%) patients. Cumulative steroid 

use was decreased by 31% in the PowerPlan group (420±224 vs 611±462 mg, P,0.001) when 

compared with usual care. PowerPlan use was independently associated with decreased LOS 

(3 days; IQR 2–4 days vs 4 days; IQR 3–6 days, P=0.022) without affecting 30- and 90-day 

readmission rates.

Conclusion: Use of a standardized EHS-based order set to manage AECOPD was associated 

with a reduction in steroid dose and hospital LOS.
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Introduction
COPD is a chronic and progressive disease, often punctuated by events of disease 

exacerbation. Acute exacerbations of COPD (AECOPD) are defined as an acute and 

sustained worsening beyond the normal day-to-day variation of the individual’s con-

dition from a stable state and often warrants additional treatment.1,2 Admissions for 

AECOPD have an estimated in-patient mortality of 10%, and 4-year mortality can be as 

high as 45%.3 AECOPD hospitalizations are also a major driver of COPD-related health 

care cost.1,4 Systemic corticosteroids (SC) use is an important component of treating 

severe exacerbations. SC provide symptomatic benefit, reduce exacerbation duration 

and hospital stay, and accelerate recovery in forced expiratory volume in one second 

(FEV
1
).5–7 However, the amount and duration of SC for treating an exacerbation vary 
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widely across clinical practice. Prolonged steroid courses 

are associated with significant side effects such as muscle 

weakness, development of diabetes, loss of bone mineral 

density, and it is an independent risk factor for mortality.8–10 

Given the adverse effect profile and high incidence of 

AECOPD, SC overuse should be minimized. The most 

updated GOLD (Global Initiative for Chronic Obstructive 

Lung Disease) guidelines now recommend a 5-day course 

of steroid for inpatient management of exacerbations based 

largely on results of the REDUCE trial.11,12

Despite the updated GOLD recommendation of 5-day 

course of SC, implementation into clinical practice has not 

been widely adopted. Electronic health system (EHS)-based 

preformatted order sets have been shown to be a tool to 

improve adherence to clinical guidelines and recommenda-

tions as well as to improve the daily workflow for providers. 

Prior studies have shown that order sets can be useful in 

patient assessment, guideline adherence, and standardiza-

tion of treatment plans, which have resulted in improved 

clinical outcomes including benefits in hospital length of stay 

(LOS).13–15 However, many of these studies did not employ a 

short course of corticosteroids as recommended by GOLD, 

and there are limited data demonstrating the effectiveness 

of such an order set in a real-world setting.

We hypothesized that implementing a standardized EHS-

based order set, termed the “COPD PowerPlan” would be 

associated with a lower total amount of SC used and LOS 

without impacting risk of future AECOPD.

Patients and methods
study design and patients
This was a retrospective cohort study of Medicare recipients 

who were discharged with a diagnosis of AECOPD from 

the University Hospital between January 1, 2014, and 

December 31, 2016. An AECOPD was defined by diagnosis 

related codes 190, 191, and 192 as the primary discharge diag-

nosis. Patients were excluded if they were admitted or trans-

ferred to the intensive care unit as the COPD PowerPlan was 

designed primarily to be used in nonintensive inpatient care 

units (Figure 1). The study was approved by the University of 

Alabama at Birmingham (UAB) Institutional Review Board 

(IRB) (approval number: X121221005). Informed consent 

was waived because this study involved chart review only 

and the IRB determined that the research involved no more 

than minimal risk to the subjects, the research could not 

practicably be carried out without the waiver of informed 

consent, and the waiver will not adversely affect the rights 

and welfare of the subjects. To maintain confidentiality, data 

were collected, de-identified, and stored electronically on a 

secure server that was accessible only by study personnel. 

Study results were grouped and generalized and not directly 

linked to individual participants. Historic (prehospital) 

spirometry values were recorded if available.

Outcomes
The primary outcome of our study was to determine the dif-

ference in cumulative SC dose between individuals treated 

with COPD PowerPlan use vs those treated without using the 

PowerPlan, the “usual care” group. SC doses were converted 

to prednisone equivalents based on known equivalencies for 

ease of comparison. For example, 1 mg of methylprednisolone 

equates to 1.25 mg of prednisone.

Secondary outcomes included LOS, duration of intrave-

nous steroid use in days, dose and duration of oral prednisone 

use, as well as all-cause hospital readmission rates at 30 

and 90 days.

Figure 1 Patient flow diagram.
Abbreviation: Drg, diagnosis-related group.
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ehs-based order set: the COPD 
exacerbation PowerPlan
The UAB Hospital system uses IMPACT EHS software 

developed by Cerner (Millennium Version; Kansas City, 

MO, USA). The COPD PowerPlan is a comprehensive order 

set that was developed by a panel of experts including phy-

sicians, respiratory therapists, nurses, and pharmacists. The 

COPD PowerPlan was implemented as a part of the UAB 

EHS in November 2013 as part of the Bundled Payments for 

Care Improvement Initiative.16

As shown in Figure 2, the COPD PowerPlan order set 

contained orders for 1) SC therapy that included methylpred-

nisolone 40 mg intravenous (IV) every 12 hours for two doses 

followed by 4 days of oral 40 mg prednisone, 2) options for 

nebulized therapies, 3) options for antibiotic regimens, 4) 

laboratory and imaging orders, 5) noninvasive ventilation, 

and 6) nonpharmacologic interventions.

The PowerPlan was initiated and activated by providers at 

the time of hospital admission. Clinicians were educated and 

encouraged to use the PowerPlan at meetings, and using elec-

tronic reminders and through hospital administrative remind-

ers in the 3 months prior to its implementation and quarterly in 

the first year of its launch. Use of the PowerPlan was encour-

aged but was optional. If providers chose to use the PowerPlan, 

they could use the default settings, including the short course 

of methylprednisolone or the provider could tailor the thera-

peutic regimen including corticosteroid type, dose, and dura-

tion based on personal preference and the clinical situation.

statistical analysis
Data were expressed as mean±SD. Continuous variables were 

evaluated for normality based on quantile–quantile (QQ) 

plots and Shapiro–Wilk testing. Independent t-tests were used 

to compare means of continuous variables and chi-square for 

categorical variables between groups.

Binary logistic regression was performed to determine 

if patient characteristics at the time of admission influenced 

provider’s decision to activate the PowerPlan. Factors asso-

ciated with PowerPlan use (P-value of ,0.1) on univariate 

logistic regression were entered into a multivariate model.

Univariate linear regression was performed to determine 

predictors of hospital LOS. Variables associated with LOS on 

univariate linear regression models with a P-value ,0.1 were 

entered into the final multivariable models. Cox-proportional 

hazards models were used to define time to readmission. We 

used SPSS (version 24.0; IBM Corporation, Armonk, NY, 

USA) for all statistical analyses. Statistical significance was 

set at P-value ,0.05.

Results
Of 281 Medicare patients discharged with an AECOPD 

diagnosis between January 2014 and December 2016, 250 

were included in the analysis as shown in Figure 1. The 

250 patients were 62±11 years old, 58% males, 71% white 

with an FEV
1
 55.1%±23.6% predicted. Spirometry data were 

available in 70% of the patient population (66% [118/178] 

in the PowerPlan and 78% [56/72] in the usual care group; 

P=0.07). We had no other missing data for other variables. 

Baseline characteristics of the cohort are shown in Table 1 

and the PowerPlan was used in 72 patients (29%). Demo-

graphically, both the groups were similar. Prior AECOPD 

were more common in the PowerPlan group compared 

with the usual care group (44% vs 29%, P=0.021). The 

PowerPlan group had a higher pack-year history of smoking 

when compared with the usual care group. Patients in the 

PowerPlan group had a lower FEV
1
% and a higher proportion 

Figure 2 Components included in the PowerPlan order set.
Abbreviations: BID, twice a day; IV, intravenous.
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of current smokers, though these differences were not sta-

tistically significant. The incidence of comorbidities such 

as hypertension, diabetes, congestive heart failure, obstruc-

tive sleep apnea, and coronary artery disease did not differ 

between the two groups.

Factors associated with PowerPlan 
selection
As shown in Table 2, current smoking status and prior 

AECOPD were the only factors significantly associated 

with PowerPlan use on univariate analyses. In a multivariate 

model that included FEV
1
 percent predicted, smoking status, 

smoking history, or hospitalization for AECOPD within 

12 months of the index visit, no variable was significantly 

associated with PowerPlan use.

PowerPlan use and cumulative 
corticosteroid use
As shown in Table 3, cumulative steroid dose was 31% lower 

in the PowerPlan group when compared with the usual care 

group (420±224 vs 611±462 mg, P,0.001). This reduction 

was driven by a 47% decrease in intravenous SC adminis-

tration and a 24% decrease in oral SC use in the PowerPlan 

group when compared with the usual care group.

The mean duration of intravenous SC use was lower 

by 1 day in the PowerPlan group (2.2±1.2 vs 3.2±1.9 days, 

P,0.001). Patients in the PowerPlan group had fewer days 

of total SC treatment compared with the usual care group, 

though this failed to reach statistical significance (9.6 vs 

13 days, P=0.075).

PowerPlan use was associated with 
reduced length of stay
Patients in the PowerPlan group had shorter hospital LOS 

compared with those in the control group (Figure 3). In unad-

justed linear regression models, age, PowerPlan use, SC use, 

and cumulative steroid dose were inversely associated with 

hospital LOS. PowerPlan use was independently associated 

with LOS (beta =-0.92, P=0.006), when adjusted for age, 

sex, race, and smoking status as shown in Table 4.

PowerPlan use and all-cause hospital 
readmission
The proportion of participants readmitted within 30 days 

was the same between the two groups (25% in each group, 

Table 1 Baseline characteristics

Variables Total 
cohort
(n=250)

Usual 
care
(n=178)

PowerPlan 
(n=72)

P-value

age, years 69±11 69±12 70±8 0.848
Male 145 (58%) 107 (65%) 38 (33%) 0.289
White race 178 (71%) 129 (73) 49 (68%) 0.446
BMI, kg/m2 27±8 26±8 30±17 0.682
Current smoker 84 (34%) 53 (30%) 31 (43%) 0.053
smoking pack-years 41±35 38±34 50±34 0.050
FeV1 % 53±22 56±24 49±19 0.089
FeV1/FVC 0.56±0.15 0.57±0.16 0.53±0.12 0.077
$1 aeCOPD within 
the previous 12 months

84 (34%) 52 (29%) 32 (44%) 0.021

hypertension 195 (78%) 138 (78%) 57 (79%) 0.778
Diabetes mellitus 66 (26%) 44 (25%) 22 (31%) 0.314
Congestive heart failure 68 (27%) 44 (25%) 24 (33%) 0.167
Coronary artery disease 66 (26%) 43 (24%) 23 (33%) 0.207
Obstructive sleep apnea 26 (10%) 21 (12%) 5 (7%) 0.257

Note: Data are expressed as mean±sD or n (%). 
Abbreviations: aeCOPD, acute exacerbations of COPD; BMI, body mass index; 
FeV1, forced expiratory volume in one second; FVC, forced vital capacity.

Table 2 associations between clinical factors and PowerPlan use

Variables Univariate logistic regression Multivariate logistic regressiona

OR 95% CI P-value OR 95% CI P-value

age 1.00 0.98–1.03 0.87
Female sex 0.74 0.43–1.29 0.29
White race 1.26 0.70–2.29 0.45
Current smoker 1.78 1.01–3.14 0.045 1.52 0.60–2.84 0.309
Pack-year history 1.01 1.00–1.02 0.056 1.00 0.99–1.01 0.486
FeV1% 0.99 0.97–1.002 0.091 1.00 0.98–1.02 0.826
hypertension 1.10 0.56–2.15 0.78
Diabetes mellitus 1.37 0.75–2.51 0.31
Congestive heart failure 1.52 0.84–2.77 0.17
Coronary artery disease 1.47 0.81–2.69 0.21
Obstructive sleep apnea 0.56 0.20–1.54 0.26
home oxygen use 1.39 0.80–2.43 0.25
Chronic corticosteroid use 0.90 0.49–1.63 0.72
$1 aeCOPD within the previous 12 months 1.94 1.10–3.41 0.022 1.31 0.60–2.84 0.501

Note: aMultivariable model adjusted for current smoker, FeV1% predicted, smoking history (pack-year), and having $1 aeCOPD in the previous 12 months.
Abbreviations: aeCOPD, acute exacerbations of COPD; FeV1, forced expiratory volume in one second; Or, odds ratio.
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P=0.96). There were no differences in 90-day readmissions 

between groups (44% in the PowerPlan group vs 38% in 

the usual care group, P=0.37). There were no differences in 

time until readmission in the PowerPlan group vs the usual 

care group (90 vs 93 days, hazard ratio [HR] 1.31 95% CI 

0.86–1.99, P=0.21).

Discussion
We show that the use of a standardized EHS-based COPD 

PowerPlan was associated with lower amount and shorter 

duration of parenteral corticosteroids use for managing 

patients hospitalized with an AECOPD. The use of the 

PowerPlan and lower SC use were also associated with 

a reduction in hospital stay and were not associated with 

changes in 30- and 90-day readmission rates. To our 

knowledge, this is the first study to apply the lessons learned 

in the REDUCE trial in a quaternary care hospital in the 

United States using an EHS-based intervention.12

SC are an integral component of managing COPD exac-

erbations. The VA SCCOPE trial published in 1999 was 

the first randomized controlled trial to evaluate the efficacy 

of glucocorticoids in managing AECOPD. In that study, 

a 2-week course of corticosteroid (methylprednisolone and 

prednisone) decreased the rate of treatment failure by 10% 

when compared with placebo and reduced the LOS in the 

hospital by 1.2 days.7 In 2013, the REDUCE trial further 

demonstrated that a 5-day course of corticosteroid was non-

inferior to a 14-day course with regards to re-exacerbation 

rates within the following 6 months.12 These findings were 

later confirmed by a meta-analysis, which also showed no 

difference in readmission rates and outcomes with a shorter 

course of corticosteroids when compared with a conventional 

10–14 days course.17 However, real-world experience after 

implementation of short-course CS treatment for exacerba-

tions is lacking and, despite the GOLD recommendations 

for a 5–7 days course of CS for management of AECOPD 

hospitalizations,11 CS dosing and duration vary widely 

across clinical practice, and many patients are still treated 

with unnecessarily long steroid tapers.18 Prolonged courses 

of systemic steroid use are associated with an increased risk 

of adverse effects including hypertension, hyperglycemia, 

edema, osteoporosis, and peripheral muscle weakness and 

can contribute to prolonged hospitalization.7–10

We showed that the use of an EHS-based intervention was 

associated with a 31% reduction in SC dose. This finding was 

Table 3 PowerPlan use and systemic corticosteroid therapy

Variables Usual care 
group (n=178)

PowerPlan 
used (n=72)

Point difference 
(95% CI)

P-value

Cumulative total corticosteroid dose,a mg 611±462 420±224 191 (99 to 281) ,0.001
Cumulative intravenous sC dose,a mg 471±397 246±146 225 (135 to 312) ,0.001
Cumulative oral sC dose,a mg 323±190 245±109 78 (36 to 118) ,0.001
Duration of intravenous sC, days 3.2±1.9 2.2±1.2 1.0 (0.4 to 1.4) ,0.001
Duration of total corticosteroid use, days 13.0±15.6 9.6±5.5 3.4 (-0.3 to 7.1) 0.075
Duration of outpatient corticosteroids 
prescribed at the time of discharge, days

6.9±6.3 5.1±4.6 1.8 (0.3 to 1.3) 0.018

Notes: Data are expressed as mean±sD. aall steroid doses are expressed as prednisone equivalent doses.
Abbreviation: sC, systemic corticosteroids.
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Figure 3 PowerPlan use and hospital length of stay for aeCOPD. Median lOs in 
the PowerPlan group was 3 (IQr 2–4) days vs 4 (IQr 3–6) days in the usual care 
group (P=0.02). °Denotes outliers.
Abbreviations: aeCOPD, acute exacerbations of COPD; IQr, interquartile range; 
lOs, length of stay.

Table 4 Predictors of hospital lOs

Variables Univariate Multivariate

β P-value β P-value

age -0.038 0.004 -0.035 0.013
race 0.012 0.973 0.090 0.784
sex 0.493 0.121 0.491 0.104
Use of PowerPlan -1.091 0.002 -0.920 0.006
Use of systemic steroids -1.160 0.036 -0.479 0.379
Use of antibiotics -0.146 0.826 – –
Current smoker 0.118 0.723 0.070 0.838
FeV1 -0.001 0.929 – –

Note: Variables included in the multivariate model: PowerPlan use, use of systemic 
steroids, age, sex, race, and smoking status.
Abbreviations: FeV1, forced expiratory volume in one second; lOs, length of stay.
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driven by an earlier transition from intravenous to oral SC 

therapy. These findings are consistent with the results from 

a study by Sonstein et al in 2014 where the use of an EHS-

based COPD order set significantly decreased the amount 

of parenteral steroid used in the first 48 hours of admission 

but did not affect hospital LOS.19 This could be explained 

by the fact that their order set was developed in 2011 when a 

10–14-day course of steroids was recommended for treating 

acute exacerbations.

Hospitalizations for COPD exacerbations account for up 

to 40%–60% of total COPD-related costs.20,21 These costs 

are also affected by disease severity, age, and presence of 

comorbidities.22,23 Average costs per hospitalization can 

range from $680 to $6,770 for stage 1 and stage 3 COPD.23 

A study from 2012 showed the annual inpatient expenditure 

for AECOPD admissions to be as high as $11.9 billion.24 

In addition to the financial burden, a prolonged hospital stay 

is also associated with cognitive disturbances, depression, 

social isolation, immobility, and increased risk of iatrogenic 

complications further contributing to deterioration in quality 

of life and increased readmissions.25–29 These factors are all 

associated with increased health care utilization which makes 

reducing LOS a priority for health care systems.

In our cohort, patients who were treated using the 

PowerPlan had a shorter LOS when compared with the usual 

care group by 1.1 days. This difference is significant in terms 

of reducing cost and morbidity associated with prolonged 

hospitalization. We believe this observed reduced LOS was 

driven by an earlier transition to oral corticosteroids and not 

due to other aspects of care included in the PowerPlan, such 

as smoking cessation, pulmonary rehabilitation, or antibiotic 

use. There is always a concern for increase in readmission 

rates with a shorter hospital stay. We did not find any dif-

ference in 30- or 90-day readmission rates between the 

two groups.

EHS-based algorithms and order sets have shown to 

improve provider adherence to practice guidelines.13–15 

Two recent studies also showed a reduction in LOS with 

implementation of EHS-based COPD order sets.13,30 These 

interventions mainly focused on improving adherence to the 

multidisciplinary components of the order set to reduce LOS 

and avoid prescription errors rather than promoting a tailored 

corticosteroid regimen. However, our focus was to educate 

providers and reduce the corticosteroid dosing by encourag-

ing the use of PowerPlan. This is particularly important as 

COPD GOLD guidelines have evolved over time and their 

implementation in clinical practice still lags behind.31

Our study has the limitations of being a cohort study, and 

thus we are not able to assign causation to our intervention. 

Additionally, patients were allocated into groups based on 

individual provider decision making, introducing selection 

bias, and the potential for confounding by indication. While 

this may be the case, we did not observe an association 

between clinical factors (demographics, lung function, smok-

ing status, and prior AECOPD) and the use of the PowerPlan 

in logistic regression models adjusted for these covariates, 

though participants in the PowerPlan group were more 

often current smokers and were more likely to have had a 

hospitalization for an AECOPD within the 12 months prior 

to the index admission, factors that could potentially bias 

the results against the intervention. Furthermore, we did not 

observe that comorbidities or baseline COPD interventions 

(home oxygen use or chronic steroid use) influenced selec-

tion of PowerPlan by the provider. Another limitation was 

that the PowerPlan did not control the dose and duration 

of outpatient corticosteroids prescribed by the provider at 

the time of hospital discharge, which may have accounted 

for the longer than expected duration of steroid use in the 

PowerPlan group. Despite the longer overall duration of 

corticosteroid use, the PowerPlan group did receive fewer 

days of outpatient corticosteroids when compared with the 

usual care group (5.1±4.6 vs 6.9±6.3 days, P=0.018). Lastly, 

only 29% of patients were treated with PowerPlan. Although 

this reflects a relatively low usage rate by the providers, it is 

higher than prior reports showing a 19% utilization rate of 

order sets in their first few years of launch.32 We also noted 

that the use of PowerPlan increased from 24% in 2014 to 

31% in 2016. This reflects a positive trend in practice change 

over the years.

Conclusion
We have demonstrated the real-world applicability of using 

a standardized EHS-based intervention on reducing corti-

costeroid exposure and hospital LOS in managing patients 

hospitalized with AECOPD without adversely affecting 

hospital readmissions. These findings suggest health systems 

can safely adopt EHS-based COPD treatment plans using 

currently accepted standard treatment regimens.
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