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Background: Chronic obstructive pulmonary disease (COPD) is a chronic and progressive 

disease that affects an estimated 10% of the world’s population over the age of 40 years. 

Worldwide, COPD ranks in the top ten for causes of disability and death. Given the significant 

impact of this disease, it is important to note that acute exacerbations of COPD (AECOPD) are 

by far the most costly and devastating aspect of disease management. Systemic steroids have 

long been a standard for the treatment of AECOPD; however, the optimal strategy for dosing 

and administration of these medications continues to be debated.

Objective: To review the use of corticosteroids in the treatment of acute exacerbations 

of COPD.

Materials and methods: Literature was identified through PubMed Medline (1950–February 

2014) and Embase (1950–February 2014) utilizing the search terms corticosteroids, COPD, 

chronic bronchitis, emphysema, and exacerbation. All reference citations from identified 

 publications were reviewed for possible inclusion. All identified randomized, placebo-controlled 

trials, meta-analyses, and systematic reviews evaluating the efficacy of systemic corticosteroids 

in the treatment of AECOPD were reviewed and summarized.

Results: The administration of corticosteroids in the treatment of AECOPD was assessed. In 

comparison to placebo, systemic corticosteroids improve airflow, decrease the rate of treatment 

failure and risk of relapse, and may improve symptoms and decrease the length of hospital 

stay. Therefore, corticosteroids are recommended by all major guidelines in the treatment of 

AECOPD. Existing literature suggests that low-dose oral corticosteroids are as efficacious 

as high-dose, intravenous corticosteroid regimens, while minimizing adverse effects. Recent 

data suggest that shorter durations of corticosteroid therapy are as efficacious as the traditional 

treatment durations currently recommended by guidelines.

Conclusion: Systemic corticosteroids are eff icacious in the treatment of AECOPD 

and considered a standard of care for patients experiencing an AECOPD. Therefore, systemic 

 corticosteroids should be administered to all patients experiencing AECOPD severe enough to 

seek emergent medical care. The lowest effective dose and shortest duration of therapy should 

be considered.

Keywords: chronic obstructive pulmonary disease, exacerbation

Introduction
Chronic obstructive pulmonary disease (COPD) is a debilitating chronic condition of 

airflow limitation characterized by abnormal inflammation that is not fully reversible 

and is progressive in nature. The worldwide prevalence of COPD is estimated to be 

approximately 10% of individuals older than 40 years of age.1 In 2011, there were an 

estimated 13 million adults in the US diagnosed with COPD. Alarmingly, there may 
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be an equal number of Americans with the disease who have 

yet to be diagnosed.2 COPD is a leading cause of morbidity 

and mortality. The World Health Organization has identified 

COPD as the seventh-leading cause of disability and the 

fourth-leading cause of death internationally.3 In the US, 

COPD is now the third-leading cause of death, claiming 

approximately 138,000 lives annually.1,4

Given the prevalence and consequences of COPD, it is 

imperative to recognize its societal and economic impact. 

Continued tobacco use and dependence, along with an overall 

increase in life expectancy, allows the societal burden of 

COPD to continue to grow, with the most recent evidence 

estimating over 700,000 hospital discharges annually.5,6 

In addition, the associated economic burden is vast. The 

most recent cost projections of COPD in the US alone were 

approximately $50 billion, which included $20 billion in 

indirect costs and $30 billion in direct health care costs.5 

A significant portion (50%–70%) of the direct health care 

costs associated with COPD are attributed to exacerbations.7 

In fact, it has been estimated that nearly three-quarters of 

COPD patients experience an exacerbation during a 1-year 

period, and that annual rates of exacerbations may be as high 

as 3.8 per person with COPD.8,9

While many acute exacerbations can be treated on an out-

patient basis, some may require hospitalization. Lung function 

typically declines with each exacerbation, especially in patients 

requiring hospitalization.10 In accordance with a decline in lung 

function, the risk of hospital readmission or death significantly 

increases with each exacerbation.11  Effective strategies to 

reduce the incidence of COPD exacerbations and the duration 

of these exacerbations are essential.

The administration of corticosteroids has long been a 

mainstay of therapy for the treatment of an acute exacerbation 

of COPD (AECOPD). While the efficacy of corticosteroid 

administration in the treatment of AECOPD is established, the 

optimal dosing regimen (dose and schedule) is continuously 

debated. Given the incidence and burden of AECOPD and the 

contention regarding the optimal use of corticosteroids, the 

purpose of this review is to summarize published evidence 

regarding the efficacy, route of administration, and optimal 

duration of corticosteroid therapy in patients experiencing 

an AECOPD.

Current guideline 
recommendations
Although head-to-head comparison data are limited for 

evaluating corticosteroid selection and dose efficacy, all 

major guidelines recommend low-dose oral corticosteroids 

for exacerbations of COPD severe enough to warrant 

emergent treatment (Table 1).12 The GOLD (Global initia-

tive for chronic Obstructive Lung Disease) international 

guideline recommends a dose of 30–40 mg of prednisolone 

for 10–14 days during an AECOPD.5 This recommenda-

tion is mirrored in other national guidelines. For example, 

the UK National Institute for Health and Care Excellence 

2010 COPD guidelines also recommends prednisolone 

30 mg daily for 7–14 days.13 The Joint American Thoracic 

Society/ European Respiratory Society guideline recom-

mends 30–40 mg of prednisone for 10–14 days.7 Similarly, 

the Canadian  Thoracic Society recommends 25–50 mg of 

prednisone, or an equivalent dose, for 10–14 days for patients 

with moderate-to-severe AECOPD.14 These recommenda-

tions are based on several small studies that validate the 

efficacy of low-dose corticosteroids in AECOPD,13,15–17 as 

well as favorable pharmacokinetic parameters that give oral 

corticosteroids excellent bioavailability.18

Materials and methods
A search of PubMed Medline and Embase (1950–February 

2014) was performed without limitations using the search 

terms corticosteroids, COPD, chronic bronchitis, emphy-

sema, and exacerbation. Additional literature was identi-

fied through the review of references found in the primary 

literature search. Identified randomized, placebo-controlled 

trials, meta-analyses, and systematic reviews were reviewed 

for information regarding outcomes, duration, and route of 

administration of systemic corticosteroids in the treatment 

of COPD exacerbation.

Efficacy of systemic corticosteroids
Early clinical trials evaluating the efficacy of systemic 

corticosteroids in the treatment of COPD offered conflict-

ing results.19–25 While some published reports documented 

efficacy in the administration of systemic corticosteroids 

to patients with COPD,20,21,25 others conveyed little if any 

benefit.19,22–24 However, the interpretation and applicability 

of early data are limited by a dearth of randomized, placebo-

controlled, blinded studies, a lack of clearly defined end 

points, and assessment of efficacy in multiple COPD patient 

populations.

Because early clinical trials almost exclusively evaluated 

the effect of therapy with corticosteroids in patients with 

stable COPD, a study was conducted to evaluate whether 

systemic corticosteroids improved spirometry results and/or 

arterial blood-gas levels in patients with COPD and acute 

respiratory distress.26 In this study, patients hospitalized with 
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Table 1 Current guideline recommendations for systemic corticosteroids in acute exacerbations of chronic obstructive pulmonary 
disease

Global initiative for chronic  
Obstructive Lung Disease5

American Thoracic Society/ 
European Respiratory Society7

UK National Institute for  
Health and Care Excellence13

Canadian Thoracic  
Society14

Drug Prednisolone Prednisone Prednisolone Prednisone, or equivalent
Dose 30–40 mg 30–40 mg 30 mg 25–50 mg
Duration 10–14 days 10–14 days 7–14 days 10–14 days
Year guideline 
updated

2013 2011 2010 2008
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acute respiratory insufficiency and COPD were randomized 

to receive either intravenous (IV) methylprednisolone (n=22) 

or matching placebo (n=22) for 72 hours. All patients received 

standardized treatment consisting of oxygen, aminophylline, 

nebulized isoproterenol, and antibiotics. The mean percentage 

change in both pre- and postbronchodilator forced expiratory 

volume in 1 second (FEV
1
) was significantly greater in patients 

receiving methylprednisolone in comparison to placebo at all 

measured time points. No significant differences were observed 

in forced vital capacity (FVC), arterial pH, or partial pressure 

of carbon dioxide (PaCO
2
) between the methylprednisolone-

treated and placebo groups. The authors noted, however, that 

perhaps there were too few patients included in this study to 

determine such differences. Of the potential adverse events 

associated with systemic corticosteroid administration, hyper-

glycemia (mean serum glucose concentration 164±42 mg/dL 

for  methylprednisolone-treated patients versus 139±29 mg/dL 

for placebo, P,0.05), acute psychosis (n=1), and upper 

gastrointestinal hemorrhage (n=1) were observed. However, 

only hyperglycemia could be definitively attributed to the 

administration of methylprednisolone.

Following studies indicating the emergent administration 

of systemic corticosteroids in AECOPD did not acutely affect 

FEV
1
 or rate of hospitalization,27 but may reduce the rate of 

readmission,28,29 a small trial was conducted to assess the 

efficacy of oral corticosteroids in the outpatient treatment of 

AECOPD.17 Patients experiencing AECOPD were random-

ized to receive either a 9-day course of oral prednisone (n=13) 

in a tapering dose or matching placebo (n=14). All patients 

were instructed to increase the dose and frequency of their 

inhaled β-agonist. Any patients taking ipratropium, inhaled 

corticosteroids, and/or theophylline preceding study enroll-

ment were allowed to continue the use of these medications. 

Antibiotics were prescribed to patients with evidence of infec-

tive bronchitis. All patients were examined on study days 3 

and 10 as well as at all unscheduled hospital visits during the 

study period. Measured end points included airflow obstruc-

tion (as measured by spirometry), gas exchange, dyspnea, 

and treatment failure.

Significant increases in FEV
1
 were observed at both day 3 

and 10 in patients receiving prednisone in comparison to pla-

cebo (184 mL versus -14 mL [P=0.05] and 383 mL versus 

9 mL [P=0.01], respectively). In addition to significantly 

improving the rate of airflow recovery, prednisone treatment 

significantly improved gas exchange (as measured by partial 

pressure of oxygen arterial blood [PaO
2
]) at both days 3 and 

10 in comparison with placebo. There was, however, no dif-

ference in PaCO
2
 response between the prednisone-treated 

group and placebo. Although there was a trend toward more 

rapid improvement with prednisone, the degree of dyspnea 

did not differ significantly between the prednisone-treated 

group and placebo. The rate of treatment failure in the placebo 

group was 57% (n=8) versus 0 in the prednisone group.

In a prospective double-blind study designed to determine 

if the administration of systemic corticosteroids hastened 

recovery, patients hospitalized for AECOPD were randomized 

to receive either 30 mg oral prednisolone once daily (n=29) or 

matching placebo (n=27) for 14 days.16 All patients received 

standard treatment with controlled oxygen, nebulized short-act-

ing β-agonist (salbutamol), and an anticholinergic (ipratropium) 

every 6 hours, and antibiotics as per the admitting physician’s 

discretion. Any patient receiving an inhaled corticosteroid 

at the time of study enrollment was allowed to continue this 

therapy. Patients were followed until hospital discharge, and 

then reexamined 6 weeks after admission. Spirometry, health 

status, and length of hospital stay were assessed.

At discharge, postbronchodilator percentage predicted 

FEV
1
 in patients receiving prednisolone had increased signifi-

cantly in comparison to placebo (47% increase versus 25% 

increase, respectively; P,0.05). Until day 5, postbroncho-

dilator FEV
1
 of the corticosteroid-treated group increased at 

a significantly accelerated rate compared to placebo (90 mL 

per day [50.8–129.2] versus 30 mL per day [10.4–49.6], 

P=0.048). Health-status scores had improved significantly 

in both groups by hospital discharge. Patients receiving 

prednisolone had a significantly shorter median length of hos-

pitalization when compared to placebo (7 days versus 9 days, 

respectively; P=0.027). At 6 weeks, there was no significant 
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Table 2 Summary of select clinical trials for systemic corticosteroids compared with placebo

Trial Design Intervention Baseline patient  
characteristics

Primary outcomes/results Selected secondary 
outcomes

Albert et al26 R, DB, PC 
n=44

Iv methylprednisolone  
0.5 mg/kg every 6 hours  
for 72 hours versus placebo

Mean age 62 years 
Fev1 =0.72 L

•  Change in Fev1 significantly higher  
for methylprednisolone versus  
placebo (220 mL, P,0.001)

No observed 
differences in FvC, 
arterial pH, or PaCO2

Thompson  
et al17

R, DB, PC 
n=27

Oral prednisone taper:  
60 mg ×3 days,  
40 mg ×3 days,  
20 mg ×3 days  
versus placebo

Mean age 67.8 years 
Fev1 =1.3 L

•  Change in PaO2 versus placebo  
(1.12 mmHg/day versus  
-0.03 mmHg/day, P=0.002)

•  Change in A–aDO2 versus placebo  
(-1.16 mmHg/day versus  
-0.03 mmHg/day, P=0.04)

•  Fev1 0.05 L/day versus 0 L/day 
(P=0.006)

•  PeF 0.15 L/s/day versus  
0.04 L/s/day (P=0.009)

Davies et al16 R, DB, PC 
n=56

Oral prednisolone 30 mg  
once daily ×14 days  
versus placebo

Mean age 67 years 
Fev1 =0.59 L

•  Predicted Fev1 increased  
from 28.2% to 41.5% in the  
corticosteroid group (P,0.001)

Hospital stays were 
shorter in the 
corticosteroid group

Niewoehner  
et al30

R, DB, PC 
n=271

Oral glucocorticoid for 
2 weeks versus 8 weeks  
versus placebo

Mean age 67.6 years 
Fev1 =0.77 L

•  Rate of treatment failure  
glucocorticoids versus placebo  
at 30 days (23% versus 33%,  
P=0.04) and 90 days (37%  
versus 48%, P=0.04)

Systemic steroids (in 
both groups) associated 
with a shorter initial 
hospital stay (8.5 days 
versus 9.7 days for 
placebo, P=0.03)

Aaron et al31 R, DB, PC 
n=147

Oral prednisone 40 mg  
once daily versus placebo

Mean age 69 years 
Fev1 =1 L

•  Rate of relapse at 30 days was  
lower in the prednisone group  
versus placebo (27% versus 43%, 
P=0.05)

Change in 
postbronchodilator 
Fev1 from day 1 to day 
10 prednisone versus 
placebo (34% versus 
15%, P=0.007)

Abbreviations: A–aDO2, alveolar–arterial oxygen gradient; COPD, chronic obstructive pulmonary disease; DB, double blind; Fev1, forced expiratory volume in 1 second; 
Iv, intravenous; PaO2, arterial PO2; PC, placebo controlled; PEF, peak expiratory flow; R, randomized; s, second.
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difference in percentage predicted postbronchodilator FEV
1
 

or health status in either the corticosteroid-treatment group or 

placebo in comparison to discharge. In addition, there was no 

difference in exacerbation rate or rate of hospital admission 

between the two groups observed at 6 weeks.

A large multicenter trial was conducted to further evalu-

ate the efficacy of systemic corticosteroids for AECOPD.30 

Within 12 hours of hospital admission, patients were 

randomized to receive one of three treatments: an 8-week 

course (n=80) of systemic glucocorticoids (IV methyl-

prednisolone for 72 hours, followed by once-daily oral 

prednisone taper over the next 57 days), a 2-week course 

(n=80) of systemic glucocorticoids (IV methylprednisolone 

for 72 hours, followed by once-daily oral prednisone taper 

over the next 12 days, then placebo for the next 45 days), 

or placebo (n=111). All patients received a broad-spectrum 

antibiotic for 7 days. In addition, all patients were required 

to use an inhaled β-agonist, inhaled ipratropium bromide, 

and starting on day 4, inhaled triamcinolone acetonide at 

 standardized doses for 6 months. The use of high-dose 

inhaled corticosteroids (other than triamcinolone as part 

of study protocol), theophylline, or additional open-label 

systemic corticosteroids was not allowed. Patients were 

evaluated on each of the first 3 days of hospitalization, and at 

2 weeks, 8 weeks and 6 months. The primary end point was 

a composite of treatment failure, comprised of death from 

any cause or the need for invasive mechanical ventilation, 

readmission for exacerbation of COPD, or intensification 

of pharmacologic therapy.  Secondary end points included 

change in FEV
1
 and length of hospital stay.

Because there were no differences in outcomes observed 

between the 8-week and 2-week treatment groups, they were 

considered equivalent and combined for further analysis. 

Systemic corticosteroids significantly reduced the rate of 

first treatment failure compared to placebo at 30 days (23% 

versus 33%, P=0.04). There was not a significant difference 

between corticosteroid treatment and placebo at 6 months. 

FEV
1
 improved significantly faster in patients receiving 

systemic corticosteroids than those receiving placebo. 

The maximum difference in FEV
1
 (approximately 100 mL) 
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was observed by the end of day 1 and maintained until day 3. 

However, a significant difference was not seen between the 

active-treatment and placebo groups by the end of 2 weeks. 

Patients receiving systemic corticosteroids experienced a 

significantly shorter length of hospital stay in comparison 

to placebo (8.5 versus 9.7 days, P=0.03). All-cause mor-

tality and COPD-related mortality were similar between 

the treatment and placebo groups at 6 months. Subgroup 

analysis revealed that the administration of systemic corti-

costeroids was associated with more favorable outcomes in 

patients previously hospitalized for exacerbation of COPD. 

In these patients, the failure rate at 6 months was 49.5% for 

patients treated with glucocorticoids and 66.7% for those 

receiving placebo (P=0.01).

Hyperglycemia requiring treatment occurred in a greater 

proportion of patients treated with systemic corticosteroids in 

comparison to placebo (15% versus 4%, P=0.002).  However, 

when compared to the placebo group, significantly more 

patients in the corticosteroid-treatment group had a diagnosis 

of diabetes mellitus, and 16 of the 24 instances of hyper-

glycemia in the corticosteroid-treatment group occurred in 

known diabetics. The rate of secondary infections did not 

differ significantly among the three groups, but the highest 

percentage of patients with a serious infection occurred in 

the 8-week corticosteroid group (13.8%) in comparison to the 

2-week corticosteroid group (1.2%) and placebo (3.6%).

Following the results of two randomized clinical trials16,30 

that suggested systemic corticosteroids prevent treatment 

failure and reduce the length of hospital stay in AECOPD, 

a study designed to assess the effect of systemic cortico steroid 

administration on relapse rates, lung  function, and health-

 related quality of life following discharge from the emergency 

department was carried out.31 Prior to discharge from the 

emergency department, patients presenting with an AECOPD 

were randomized to receive either oral prednisone once daily 

for 10 days (n=74) or matching placebo (n=73). After being 

counseled on proper inhaler technique, all patients received 

a standardized regimen of an inhaled β-agonist (albuterol) 

and an inhaled anticholinergic  (ipratropium) via a metered-

dose inhaler with a valved holding chamber for 30 days. 

In addition, all patients completed a 10-day course of oral 

broad-spectrum antibiotics. Patients were allowed to continue 

all medications they were taking prior to study enrollment, 

including inhaled corticosteroids. Patients were assessed 

3, 10, and 30 days after  randomization. The primary study 

outcome was treatment failure, as defined by an unscheduled 

health care visit or return to the emergency room secondary 

to worsening dyspnea within 30 days of randomization. 

Secondary outcomes included change from day 1 to day 10 

in postbronchodilator FEV
1
, severity of dyspnea, and COPD-

specific quality of life.

In comparison to placebo, oral prednisone significantly 

reduced the rate of relapse at 30 days (27% versus 43%, 

P=0.05). The relative risk of relapse with prednisone treat-

ment at 30 days was 0.63 (95% confidence interval [CI] 

0.40–1.01). Prednisone significantly prolonged the time to 

relapse compared with placebo (hazard ratio [HR] 0.56, 95% 

CI 0.32–0.99; P=0.04). Although treatment with prednisone 

did not induce a significant improvement in the total quality-

of-life score compared to placebo, the administration of 

prednisone was associated with a significant improvement 

in dyspnea. Patients receiving prednisone had significant 

improvement in lung function at day 10 when compared to 

placebo (mean FEV
1
 increase of 34% in prednisone-treated 

group versus 15% in placebo group, P=0.007). There was 

no significant difference in hospitalization rates between the 

two groups (21% of patients in the placebo group required 

hospitalization for COPD within 30 days compared to 11% in 

the prednisone group). Significantly more patients receiving 

prednisone reported insomnia, increased appetite, and weight 

gain in comparison to placebo (P,0.01). A subgroup analysis 

revealed that patients taking inhaled corticosteroids were 

more likely to respond to systemic corticosteroid therapy 

(relative risk of 30-day relapse 0.44, 95% CI 0.22–0.86).

A systematic review of eleven studies (n=1,081), includ-

ing each of the aforementioned studies, found that systemic 

corticosteroids significantly reduced the risk of treatment 

failure (odds ratio [OR] 0.48, 95% CI, 0.34–0.68) and relapse 

(HR 0.78, 95% CI 0.63–0.97) within 30 days in AECOPD.32 In 

addition, treatment with systemic corticosteroids in AECOPD 

hastened recovery (significantly increased FEV
1
 by a mean 

of 140 mL [95% CI 90–190 mL] at 72 hours in compari-

son to placebo), thereby decreasing length of hospital stay 

(-1.22 days, 95% CI -2.26 to -0.18). Systemic corticosteroids 

did not significantly affect mortality, but did increase the like-

lihood of adverse events (OR 2.33, 95% CI 1.60–3.40). This 

systematic review concluded that evidence supported the early 

administration of systemic corticosteroids in the treatment 

of AECOPD, but because of the considerable heterogeneity 

of the included studies, could not offer a recommendation 

regarding optimal duration, dose, or route.

Duration of therapy
Following clinical trials documenting the efficacy of systemic 

corticosteroids in the treatment of AECOPD, studies were 

conducted in an attempt to establish the optimal treatment 
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duration. A parallel-group, single-blind, single-center study 

compared the efficacy of different durations of corticosteroid 

therapy in improving airflow obstruction and gas exchange, 

relieving symptoms, and preventing recurrence in patients 

with AECOPD (n=36).33 Patients with severe COPD were 

randomized to receive IV methylprednisolone for 3 days or 

tapered over 10 days. All patients were hospitalized for at 

least 10 days, and received a high-dose inhaled β-agonist, 

ipratropium, theophylline, and histamine H
2
-receptor 

antagonists. Antibiotics were administered if indicated. 

Primary outcomes were postbronchodilator FEV
1
 and PaO

2
 

levels on days 3 and 10. Secondary outcomes included 

symptoms related to exacerbation of COPD (eg, dyspnea, 

cough), recurrence of exacerbation within 6 months of study 

enrollment, and treatment-related adverse events.

While FEV
1
 in both treatment groups increased sig-

nificantly from baseline, the increase in FEV
1
 in the 10-day 

treatment group was significantly higher than the increase in 

the 3-day treatment group (236 mL versus 68 mL, P=0.019). 

Compared to baseline, there was significant symptom-score 

improvement in both the 3-day and 10-day treatment groups. 

Symptoms related to exacerbation of COPD were signifi-

cantly better in the 10-day treatment group compared to the 

3-day treatment group (P=0.009). There was no observed 

difference in the rate of recurrence between the treatment 

groups at 6 months (35% in 3-day treatment group versus 

29% in 10-day treatment group). There was no significant 

difference in the rate of hyperglycemia between the two treat-

ment groups. However, one patient in the 10-day treatment 

group developed steroid-associated psychosis.

A systematic review comprised of two published  studies 

(including the aforementioned trial) and two published 

abstracts (n=146) inconclusively found no significant differ-

ence in the risk of treatment failure between a short duration 

(7 days or less) and longer duration (greater than 7 days) of 

corticosteroid therapy in the treatment of AECOPD (OR 0.82, 

95% CI 0.24–2.79).34 In addition, the mean difference in 

FEV
1
 did not differ significantly by treatment duration, nor 

did the likelihood of an adverse event.

Considering data that suggested a short course of systemic 

corticosteroids was not associated with worse outcomes in 

comparison to longer treatment courses in the treatment of 

AECOPD,33,34 a noninferiority trial was conducted to evaluate 

the efficacy of a reduced duration of systemic corticosteroid 

therapy in comparison to conventional systemic corticoster-

oid treatment.35 All patients presenting with AECOPD were 

given a one-time dose of IV methylprednisolone on day 1, 

and then randomized to receive oral prednisone once daily to 

complete a total of either 5 days (n=155) or 14 (n=156) days 

of systemic corticosteroid therapy. In addition to systemic 

corticosteroids, all patients received an inhaled β
2
-agonist 

twice daily, tiotropium once daily, and inhaled glucocorti-

coids twice daily throughout the study. All patients received a 

broad-spectrum antibiotic for 7 days and as-needed nebulized 

short-acting bronchodilators while hospitalized. Patients were 

assessed daily while hospitalized and on days 6, 15, 30, 90, 

and 180 following hospital discharge. The primary end point 

was time to next COPD exacerbation during a follow-up of 

6 months. Secondary end points included all-cause mortality, 

change in FEV
1
, cumulative corticosteroid dose, and clinical 

performance. Duration of hospital stay and corticosteroid-

related adverse effects were also assessed. Noninferiority 

was defined a priori as an HR of less than 1.515.

The majority of study participants were classified as 

GOLD COPD grade 4 (52.1%); mean baseline FEV
1
 was 

31.5% predicted. Time to exacerbation did not differ signifi-

cantly between a 5-day course of systemic corticosteroids 

and a 14-day course. A total of 56 patients (35.9%) expe-

rienced AECOPD within 6 months of hospital discharge in 

the short-term group compared to 57 patients (36.8%) in the 

conventional treatment group (HR 0.95 per intent-to-treat 

analysis, 90% CI 0.7–1.29; P=0.006). Among patients who 

experienced re-exacerbation of COPD during follow-up, the 

median time to event was 43.5 days in the short-term group 

and 29 days in the conventional treatment group.

Overall survival did not differ between the two treatment 

groups, nor did the need for mechanical ventilation during 

hospitalization. Alleviation of dyspnea and improvement 

of bronchitis-associated quality of life and patient-assessed 

overall performance occurred over the first 5 days of 

treatment, and did not vary significantly between the two 

groups. Patients randomized to receive short-term systemic 

corticosteroid treatment had a significantly shorter duration 

of hospital stay (median duration of hospital stay of 8 days, 

95% CI 7–9 days) compared to patients receiving conven-

tional systemic corticosteroid treatment (median duration of 

hospital stay of 9 days, 95% CI 8–10 days; P=0.04). FEV
1
 

improved significantly from baseline to day 6, and remained 

stable thereafter in both groups. Although patients receiving 

conventional therapy were exposed to significantly higher 

cumulative doses of systemic corticosteroids (median cumu-

lative prednisone dose of 379 mg versus 560 mg in the short-

term therapy and conventional therapy groups, respectively; 

P,0.001), a detectable difference in corticosteroid-related 

adverse events between the two groups was not reported. 

New or worsening hyperglycemia was observed in 74 patients 
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(56.9%) in the short-term and 74 patients (57.4%) in the 

conventional treatment group (P.0.99); hypertension 

developed or worsened in 15 patients (11.6%) in the short-

term and 23 patients (17.8%) in the conventional treatment 

group (P=0.22).

Route of administration
Intravenous versus oral administration
Current guidelines for the management of COPD recom-

mend low-dose oral corticosteroids for the treatment of 

exacerbations.5,7,13,14 Oral corticosteroids have very good bio-

availability (generally .85%),36 greater ease of administration, 

and lower costs. Despite evidence of the efficacy of oral cor-

ticosteroids compared to placebo and guideline recommenda-

tions, IV corticosteroids are still routinely used for the treatment 

of AECOPD.5,16 Studies comparing IV to oral corticosteroids in 

the asthma population also support the use of oral steroids.37–39 

To date, only two studies have directly compared IV and oral 

regimens for the treatment of AECOPD.

The first was a single-center, double-blind, double-dummy 

trial that randomized 435 patients hospitalized for AECOPD 

to equivalent doses of IV or oral prednisolone (60 mg) once 

daily for 5 days.40 After day 5, all patients were prescribed an 

oral tapering schedule beginning with prednisolone 30 mg 

daily. Patients were all older than 40 years of age with at least 

a 10 pack-year smoking history and evidence of airflow limi-

tation. Those experiencing very severe exacerbations (arterial 

pH ,7.26 or PaCO
2
 .9.3 kPa) or with unstable comorbidities 

were excluded. The primary outcome was treatment failure: a 

composite end point of all-cause mortality, intensive care unit 

admission, readmission due to COPD, or intensification of 

treatment. The proportion of patients experiencing treatment 

failure in the IV group was 61.7% compared to 56.3% in the 

group receiving oral prednisolone, and was noninferior to IV 

prednisolone therapy. Secondary outcomes of FEV
1
, quality-

of-life scores, and length of hospital stay were comparable 

between the two groups. The use of equipotent doses of IV 

and oral corticosteroids provides data to support the use 

of the oral route for the treatment of COPD exacerbations, 

when feasible. This finding is further supported by several 

studies in patients with asthma reporting no benefit with IV 

corticosteroids compared to oral corticosteroids.37–39 The 

trial did not answer whether high-dose IV corticosteroids are 

more efficacious than low-dose oral corticosteroids, nor can 

these findings be applied to patients experiencing very severe 

exacerbations, as they were excluded from this trial.

A large observational study utilizing claims data from 

414 US hospitals evaluated the effects of high-dose IV 

corticosteroids versus low-dose oral corticosteroids in 

79,985 patients hospitalized for AECOPD.12 Patients were 

identified for inclusion by International Classification of 

 Diseases, ninth revision, clinical modification codes rep-

resentative of AECOPD, and received either low-dose oral 

corticosteroids (20–80 mg of prednisone equivalents daily) 

or high-dose IV corticosteroids (120–180 mg of prednisone 

equivalents daily) as initial therapy (hospital days 1–2). Key 

exclusion criteria included initial admission to the intensive 

care unit, diagnosis of pneumonia or pulmonary embolism, 

hospitalization less than 2 days, and transfer from other 

acute care facilities. The primary outcome was a composite 

end point of treatment failure, including mechanical ventila-

tion after day 2, inpatient mortality, or readmission within 

30 days for AECOPD. Ninety-two percent of patients (73,765) 

were initially treated with high-dose IV corticosteroids, 

whereas only 8% (6,220) were treated with low-dose oral 

 corticosteroids. Median total corticosteroid doses for the first 

2 days of hospitalization were 600 mg and 60 mg of predni-

sone equivalents for the IV and oral groups, respectively. The 

use of oral corticosteroids was not associated with greater rates 

of treatment failure, but was associated with lower hospital 

cost and length of stay. Limitations of this study were its 

observational design and use of claims data that did not allow 

the investigators to adjust for clinical findings. This study also 

excluded patients admitted to the intensive care unit, so these 

findings should not be applied to this population.

These studies, in addition to the high bioavailability of 

corticosteroids and the vast literature supporting the efficacy 

of corticosteroids in asthma exacerbations, provide evidence 

to support the use of low-dose oral corticosteroids for the 

treatment of patients hospitalized for AECOPD who are not 

admitted to the intensive care unit.

Inhaled corticosteroids
Although low-dose oral corticosteroids are recommended 

for AECOPD, systemic exposure predisposes patients to a 

significant adverse-effect profile. Adverse effects, such as 

hyperglycemia, myopathy, osteoporosis, thinning of the skin, 

and posterior subscapular cataract formation, more than any 

other factor, are most influenced by cumulative steroid dose. 

Those with frequent exacerbations are of particular concern, 

as they receive multiple courses of corticosteroid treatment and 

often higher-dose regimens to control acute exacerbations.41

As an alternative to systemic steroids, nebulized cor-

ticosteroids have minimal bioavailability, negligible sys-

temic absorption, and minimal systemic adverse effects.41 

In addition, inhaled corticosteroids have a high level of anti-
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inflammatory activity at the local level.42,43 Currently, GOLD 

guidelines offer nebulized budesonide as an alternative to oral 

corticosteroids for the treatment of exacerbations.

Maltais et al were among the first to compare nebulized 

budesonide to oral prednisolone in AECOPD.44 In their 

double-blind, randomized, placebo-controlled trial, they 

compared nebulized budesonide, oral prednisolone, and 

placebo in 199 patients requiring hospital admission for 

AECOPD. Patients were randomized to one of three treat-

ment groups: 1) nebulized budesonide 2 mg every 6 hours 

for 72 hours (plus placebo tablets), then inhaled budesonide 

2 mg for 7 days, 2) prednisolone 30 mg by mouth every 

12 hours (plus placebo nebulization), then prednisolone 

30 mg by mouth daily for 7 days, or 3) placebo group 

(placebo tablets + placebo nebulization). All patients were 

administered terbutaline or salbutamol/ipratropium nebulizer 

treatment after receiving one of the three study drugs, as well 

as antibiotics and supplemental oxygen.

The primary end point was change in postbronchodila-

tor FEV
1
 at 72 hours. Clinical success was predefined as an 

increase in FEV
1
 of at least 0.15 L and a reduction of PaCO

2
 

of at least 5 mmHg. The mean change in postbronchodila-

tor FEV
1
 (95% CI) at 72 hours was greater with active 

treatments than with placebo: budesonide versus placebo, 

0.10 L (0.02–0.18 L); prednisolone versus placebo, 0.16 L 

(0.08–0.24 L). The difference in FEV
1
 between budesonide 

and prednisolone was not significant, at -0.06 L (-0.14 to 

0.02 L). Rates of adverse events were similar in all three 

groups. As expected, a greater percentage of patients devel-

oped hyperglycemia in the prednisone group (n=7) versus 

budesonide (n=1). In summary, nebulized budesonide and 

prednisone improved airflow limitation versus placebo.

Gunen et al also evaluated nebulized budesonide as an 

alternative to systemic corticosteroids.41 In this prospective 

study, patients were also randomized into three groups: 

group 1 received standard bronchodilator therapy (SBDT), 

group 2 received 40 mg of prednisolone plus SBDT, 

and group 3 received 1,500 µg of nebulized budesonide 

plus SBTD. Improvement during 10-day hospitalization 

was compared with exacerbation and hospitalization rates 

postdischarge.

Similar to the previous study, the recovery rate in terms of 

both spirometry and arterial blood-gas results did not differ 

between the nebulized budesonide and systemic prednisone 

group. However, patients in the systemic prednisolone group 

did experience a significant upward trend in blood glucose.

Although GOLD guidelines now list nebulized budesonide 

as an alternative yet expensive option to oral corticosteroids, 

larger studies are needed to confirm the long-term impact of 

clinical outcomes of nebulized corticosteroids for AECOPD, 

as well as to differentiate nebulized steroid choice and 

 optimal dosage.

Conclusion
COPD is a complex and progressive disease associated 

with significant morbidity and mortality. Due to its continu-

ously increasing social and economic burden, significant 

attention is being paid to the optimal management of the 

disease and its associated exacerbations. Based on the 

current body of evidence (Table 2), corticosteroids remain 

a standard of care for AECOPD secondary to their docu-

mented efficacy in improving airflow and gas exchange 

(increasing FEV
1
 and PaO

2
), as well as improving dyspnea, 

hastening recovery, and reducing length of hospitalization 

and rate of relapse at 30 days. Oral corticosteroids remain 

preferable to IV corticosteroids, both in terms of cost and 

ease of administration. This logic is reflected in all major 

guidelines.5,7,13,14 IV corticosteroids remain a viable yet more 

costly alternative. Until further data are available, the use 

of nebulized corticosteroids should be reserved for the least 

severe exacerbations.

Despite a lack of large randomized controlled trials, 

mounting evidence now suggests a shorter treatment dura-

tion of corticosteroids may be beneficial in comparison 

to the previously recommended extended 10- to 14-day 

course of therapy. In particular, a recently published ran-

domized, double-blind, placebo-controlled trial found that 

a 5-day course of systemic corticosteroids was noninferior 

to the traditional 14-day treatment regimen, in time to 

exacerbation recurrence.35 Additionally, a 5-day course of 

corticosteroids was associated with a decreased length of 

hospital stay in comparison to a 14-day course (median 8 

days’ versus 9 days’ hospitalization, respectively; P=0.04). 

Given these data, it is likely many patients are unnecessar-

ily exposed to the adverse effects of corticosteroids with 

extended treatment durations. Although clinical judgment 

must ultimately play a role in determining the appropri-

ate use and most optimal regimen of corticosteroids in 

the treatment of AECOPD, we advocate the use of an oral 

corticosteroid (40 mg of prednisone or equivalent) for 5 

days in patients experiencing AECOPD severe enough to 

seek emergent care.

Numerous questions remain to be answered regarding 

the use of corticosteroids for AECOPD. Despite AECOPD 

being one of the most common causes of hospital admission, 

head-to-head data comparing corticosteroid selection and 
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dose are lacking. Future research should continue to look 

for opportunities to use the lowest effective corticosteroid 

dose and duration possible.
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