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ABSTRACT

BACKGROUND

In this randomized, double-blind, placebo-controlled trial, we studied the effectiveness
of prednisone in reducing the risk of relapse after outpatient exacerbations of chronic
obstructive pulmonary disease (COPD).

METHODS

We enrolled 147 patients who were being discharged from the emergency department af-
ter an exacerbation of COPD and randomly assigned them to 10 days of treatment with
40 mg of oral prednisone once daily or identical-appearing placebo. All patients received
oral antibiotics for 10 days, plus inhaled bronchodilators. The primary end point was re-
lapse, defined as an unscheduled visit to a physician’s office or a return to the emergency
department because of worsening dyspnea, within 30 days after randomization.

RESULTS

The overall rate of relapse at 30 days was lower in the prednisone group than in the pla-
cebo group (27 percentvs. 43 percent, P=0.05), and the time to relapse was prolonged in
those taking prednisone (P=0.04). After 10 days of therapy, patients in the prednisone
group had greater improvements in forced expiratory volume in one second than did
patients in the placebo group (mean [+SD] increase from base line, 34442 percent vs.
15431 percent; P=0.007). Patients in the prednisone group also had significant im-
provements in dyspnea, as measured by the transitional dyspnea index (P=0.04) and by
the dyspnea domain of the Chronic Respiratory Disease Index Questionnaire (P=0.02),
but not in health-related quality of life (P=0.14).

CONCLUSIONS
Outpatient treatment with oral prednisone offers a small advantage over placebo in treat-
ing patients who are discharged from the emergency department with an exacerbation
of COPD.
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XACERBATIONS OF CHRONIC OBSTRUC-

tive pulmonary disease (COPD) are a com-

mon cause of visits to the emergency de-
partment.t2 Although many patients with COPD
are ultimately admitted, a substantial percentage are
discharged and treated as outpatients. However,
currently, relapse after treatment of an acute exac-
erbation of COPD in the emergency department
cannot be reliably predicted.2#

The results of two randomized trials suggest that
systemic corticosteroids prevent treatment failure
and shorten the hospital stay of patients who are
hospitalized for an exacerbation of COPD.5-¢ How-
ever, one of these inpatient studies suggested that
the benefits of oral corticosteroids did not extend
past hospital discharge.> Furthermore, despite evi-
dence of efficacy in inpatients, concern remains
about using systemic corticosteroids to treat all pa-
tients with COPD, especially patients treated outside
the hospital who may have clinically milder exacer-
bations.? Outpatient treatment with systemic corti-
costeroids may be associated with adverse effects,
including hyperglycemia, myopathy, secondary in-
fections, mood changes, and adrenal suppression;
these complications are more common in elderly
patients with COPD, who have other coexisting con-
ditions.3-9

The controlled trials that have assessed the use
of oral corticosteroids for exacerbations of COPD in
the outpatient setting have been small.1° A recent
Cochrane Review concluded that “further research
is required to determine the place of systemic corti-
costeroid treatment in acute COPD.”? We conduct-
ed a randomized, double-blind, placebo-controlled
clinical trial that assessed relapse rates, lung func-
tion, the severity of dyspnea, and the health-relat-
ed quality of life in patients with exacerbations of
COPD treated with prednisone and patients who
received placebo after being discharged from the
emergency department.

METHODS

PATIENTS

We enrolled patients who presented to the emer-
gency departments of 10 participating hospitals be-
cause of an exacerbation of COPD, defined as the
presence of at least two of the following three clin-
ical criteria: a recent increase in breathlessness, spu-
tum volume, or sputum purulence.1® All enrolled
patients either had previously been given a diagnosis

of COPD by a physician or had atleasta one-year his-
tory of chronic dyspnea or cough with sputum pro-
duction. Additional inclusion criteria necessary for
enrollment were an age greater than 35 years, a his-
tory of 15 pack-years or more of cigarette smoking,
and evidence of irreversible airflow obstruction in
the emergency department, defined as a ratio of
forced expiratory volume in 1 second (FEV,) to
forced vital capacity of 0.70 or less, an FEV, thatwas
no more than 70 percent of the predicted value, and
an improvement in the FEV; ofless than 20 percent
after the administration of a bronchodilator.12 We
excluded patients who were admitted to the hospi-
tal, had been given a diagnosis of asthma or atopy,
had used oral or intravenous corticosteroids within
the preceding 30 days, had received oral or intrave-
nous corticosteroids in the emergency department,
had findings on chest radiography consistent with
the presence of pneumonia or congestive heart fail-
ure, had had adverse reactions to oral corticoster-
oids, or had severe uncontrolled diabetes mellitus
or renal, hepatic or cardiac failure. The research-
ethics boards of the participating hospitals ap-
proved the study, and all patients gave written in-
formed consent.

STUDY INTERVENTION

Before they were discharged from the emergency
department, we randomly assigned patients to one
of two groups. Patients in the active-treatment group
received a 40-mg prednisone capsule once daily for
10 days, and patients in the placebo group received
identical-appearing placebo capsules. All study
medications were prepared by one central pharma-
cy, and the prednisone and placebo capsules were
identical in taste and appearance and were pack-
aged identically.

Randomization was through central allocation
of a randomization schedule prepared through a
computer-generated random listing of the two treat-
ment assignments blocked in groups of four and
stratified according to the emergency department.
Randomization occurred at the time of discharge
from the emergency department. Neither research
staff nor patients were aware of the treatment as-
signment before or after randomization. Both study
groups received oral broad-spectrum antibiotics for
10 days (160 mg of trimethoprim with 800 mg of
sulfamethoxazole twice daily or, if they were allergic
to sulfa drugs, 100 mg of doxycycline twice daily).
Both groups received two puffs of inhaled albuterol
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(100 pg per dose) four times daily, and three puffs of
inhaled ipratropium bromide (20 pg per dose) four
times daily for 30 days. Patients were provided with
spacer devices and were taught correct inhalation
technique before discharge. Inhaled corticosteroids
and all other medications used by the patients at the
time of enrollment were continued throughout the
study in both groups.

OUTCOME MEASURES
The primary outcome was defined as an unsched-
uled visit to a physician’s office or a return to the
emergency department because of worsening dysp-
nea within 30 days after randomization.1® We as-
sessed patients 3, 10, and 30 days after randomiza-
tion to determine whether a relapse had occurred.
For every suspected relapse we contacted both the
patient and the physician to ensure that the visit had
been prompted by dyspnea and had been urgent and
unscheduled, and we obtained a copy of the written
medical record of the encounter. An adjudication
committee whose members were unaware of the
patients’ treatment assignments confirmed that all
relapses met the study definition of relapse.

Secondary outcomes included a change from
day 1 to day 10 in FEV; measured after the adminis-
tration of a bronchodilator, the severity of dyspnea,
and disease-specific quality of life. These outcomes
were assessed on the day of randomization (day 1)
and on study day 10, and changes were expressed
as the difference in values (day 10 values minus
day 1values) for each patient. Patients who relapsed
before day 10 were assessed within 24 hours after
relapse, and this observation was carried forward
to day 10.

FEV, was measured after the administration of
a bronchodilator, according to established criteria
of the American Thoracic Society.1# Dyspnea was
evaluated with use of the base-line dyspnea index,
and the transitional dyspnea index was used to rate
changes in dyspnea from base line. Ratings from
the transitional dyspnea index were added to yield
a total score (range, -9 to 9, with higher positive
scores indicating greater improvement in dyspnea).
A change of one unit is considered clinically signif-
icant.1s

Disease-specific quality of life was evaluated with
use of the Chronic Respiratory Disease Index Ques-
tionnaire. Scores on the questionnaire range from
1 to 7, with higher scores indicating better self-
reported, disease-specific quality of life. A change

of 0.5 or greater in the score represents the minimal
clinically important difference.® Both the transi-
tional dyspnea index and the Chronic Respiratory
Disease Index Questionnaire have been validated for
the assessment of dyspnea and the quality of life in
patients with an exacerbation of COPD.1”

We evaluated the known adverse effects of pred-
nisone using directed questions administered on
day 10, and we noted other major adverse clinical
consequences, including hospitalizations, clinical
complications, and deaths within the 30-day follow-
up period. Patients’ compliance was assessed on the
basis of capsule counts.

STATISTICAL ANALYSIS

The final analysis was conducted on an intention-to-
treat basis. The primary comparison of the 30-day
relapse rates was performed with use of an unadjust-
ed Pearson chi-square test. For the primary analysis,
relapse data for seven patients (four of whom were
assigned to prednisone) whose outcomes were un-
known because of premature withdrawal or hospi-
talization for reasons other than COPD were regard-
ed as censored observations and were excluded. The
Kaplan—Meier estimates of the time to relapse in-
cluded all patients who underwent randomization,
and the results were tested for significance with use
of the log-rank test. Values for FEV,, the transitional
dyspnea index, and the Chronic Respiratory Dis-
ease Index Questionnaire were compared between
groups with t-tests. The frequencies of hospitaliza-
tion and relapse were compared between groups
with use of the chi-square test. We report absolute
Pvalues as two-tailed, without corrections for mul-
tiple comparisons.

RESULTS

STUDY POPULATION

A total of 1087 potential patients were screened for
the study, of whom 202 (19 percent) were eligible
(Fig. 1). Of these 202 patients, 147 (73 percent) con-
sented to enter the study. Among the screened pa-
tients who were not eligible, 49 percent were ulti-
mately hospitalized and 16 percent had received
systemic corticosteroids in the emergency depart-
ment or within the previous 30 days. A total of 74
patients were assigned to receive prednisone for 10
days, and 73 patients were assigned to receive pla-
cebo. The two groups were similar with respect to
base-line characteristics (Table 1). A similar pro-
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1087
Patients screened

4 N\

885 Not eligible
431 Hospitalized
146 Had received corticosteroids in
emergency department or within
preceding 30 days
92 Had history of asthma
80 Had pneumonia or congestive heart
failure

42 Had spirometric exclusions
26 Were unable to consent
18 Had severe diabetes, renal failure,
or lung cancer

10 Had previously enrolled

6 Were nonsmokers

5 Had allergy or sensitivity to study drug
29 Had other reasons

AN J

202
Patients eligible

[ 55 Declined to participate j

74
Randomly assigned
to prednisone

2 Withdrew
2 Hospitalized

1 for epistaxis
1 for seizures

70
Patients who could be evaluated
were followed for 30 days

73
Randomly assigned
to placebo
1 Withdrew
1 Lost to follow-up
1 Hospitalized for
schizophrenia
70

Patients who could be evaluated
were followed for 30 days

Figure 1. Trial Profile.

portion of patients in the prednisone and placebo
groups (51 percent and 55 percent, respectively)
were taking inhaled corticosteroids at the time of
randomization.

Three patients withdrew from the study, two in
the prednisone group and one in the placebo group.
One patient in the placebo group was lost to follow-
up. Three patients (two in the prednisone group and
one in the placebo group) were hospitalized for
medical conditions other than COPD. Because these
three patients were hospitalized for an illness other
than COPD, the primary outcome variable could not

be assessed in these patients. Thus, the primary out-
come — relapse — could not be assessed at day 30
in 7 of the 147 randomized patients.

PRIMARY OUTCOME

As compared with placebo, oral prednisone signif-
icantly reduced the rate of relapse at 30 days for all
randomized patients included in the primary analy-
sis (27 percentvs. 43 percent, P=0.05). The relative
risk of 30-day relapse after oral prednisone therapy
was 0.63 (95 percent confidence interval, 0.40 to
1.01). As compared with placebo, prednisone sig-
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Table 1. Base-Line Characteristics of the Patients.*

Characteristic (N=73) (N=74)
Age —yr 69.9+10.4 68.9+11.2
Male sex— no. (%) 42 (58) 42 (57)
White race — no. (%) 70 (96) 72 (97)
Smoking status

Current smoker — no. (%) 33 (45) 32 (43)

Pack-yr history 48.6+23.8 52.4+33.4
COPD diagnosed — no. (%)

Before presentation 56 (77) 55 (74)

On day of presentation 8 (11) 9 (12)

Unknown 9 (12) 10 (14)
Presenting symptoms — no. (%)

Increasing dyspnea 73 (100) 72 (97)

Increasing cough 61 (84) 58 (78)

Increasing sputum production 47 (64) 48 (65)

Change in sputum purulence 31 (42) 28 (38)

Fever 18 (25) 19 (26)
FEV,

On day of exacerbation

Liters 1.00+0.46 1.00+0.45
% of predicted 38.3+13.4 38.2+15.8

FEV,:FVC on day of exacerbation — % 50.5+11.9 50.1+12.3
Coexisting illnesses — no. (%)

Coronary artery disease 27 (37) 18 (24)

Congestive heart failure 5(7) 8 (11)

Renal dysfunction 4 (5) 0

Liver dysfunction 4 (5) 1(1)

Diabetes 8 (11) 6 (8)
Medications for COPD — no. (%)

Inhaled corticosteroids 40 (55) 38 (51)

Long-acting beta-agonists 7 (10) 13 (18)

Ipratropium bromide 41 (56) 48 (65)

Antibiotics 13 (18) 10 (14)

Theophylline 5(7) 9 (12)

Any bronchodilator 53 (73) 60 (81)

Home oxygen 8 (11) 11 (15)

Placebo Group Prednisone Group

s

¢ Plus—minus values are means +SD. COPD denotes chronic obstructive pul-

monary disease, FEV, forced expiratory volume in one second, and FVC forced

vital capacity.

i Race was self-reported by the patients.
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nificantly prolonged the time to relapse (P=0.04)
(Fig. 2). The hazard ratio was 0.56 (95 percent con-
fidence interval, 0.32 to 0.99) (Table 2). Relapse oc-
curred in 25 percent of the patients in the placebo
group by 7 days and in 25 percent of the patients in
the prednisone group by 23 days (Table 2).

SECONDARY OUTCOMES
Ten days of prednisone treatment significantly im-
proved dyspnea after an exacerbation of COPD, as

N ENGL J MED 348;26 WWW.NEJM.ORG

compared with 10 days of placebo (Table 3). The
total base-line dyspnea index score was similar in
the two groups on the day of exacerbation. After
10 days of therapy, however, the mean (£SD) transi-
tional dyspnea index score was significantly higher
in the prednisone group than in the placebo group
(3.95+4.62vs. 2.07+5.53, P=0.04), indicating great-
er improvement in dyspnea in the prednisone group.
Similarly, the mean improvement in the dyspnea
domain of the Chronic Respiratory Disease Index
Questionnaire was significantly higher in the pred-
nisone group than in the placebo group (1.69+1.55
vs. 0.97+1.83, P=0.02) (Table 3).

The prednisone group also had greater improve-
ments in lung function after 10 days of therapy. The
FEV; of patients in the prednisone group increased
by a mean of 34+42 percent from base line (absolute
increase, 0.30 liter), as compared with a mean in-
crease of 15131 percent from base line (absolute in-
crease, 0.16 liter) in the placebo group (P=0.007).
Despite improvements in dyspnea, the total Chron-
ic Respiratory Disease Index Questionnaire score
did notimprove to a greater extent in the prednisone
group than in the placebo group. The mean im-
provement per question was 1.42+1.43 units in the
prednisone group, as compared with 1.04£1.47 in
the placebo group (P=0.14).

During the 30 days of follow-up, two patients
died in the prednisone group and one in the place-
bo group. One death in each group was attributed to
relapse of COPD, and one patient in the prednisone
group was hospitalized with a seizure (notattributed
to corticosteroids) and subsequently died of a myo-
cardial infarction. There were no significant differ-
ences in hospitalization rates. Twenty-three percent
of patients in the placebo group required hospital-
izations for any cause within 30 days, as compared
with 14 percent of patients in the prednisone group
(P=0.18). Twenty-one percent of patients in the pla-
cebo group required hospitalization within 30 days
for COPD, as compared with 11 percent of patients
in the prednisone group (P=0.11).

Serious adverse events requiring hospitalization
for reasons other than COPD occurred in two pa-
tients in the prednisone group and one patientin the
placebo group (Fig. 1). Patients in the prednisone
group were more likely than those in the placebo
group to reportan increase in appetite (46 percent
vs. 22 percent, P=0.003) and weight gain (13 per-
cent vs. 1 percent, P=0.01). Insomnia was more
prevalent in the prednisone group than in the pla-
cebo group (48 percentvs. 21 percent, P=0.001),
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and there was a nonsignificant trend toward a high-
er incidence of depression (19 percentvs. 10 per-
cent, P=0.14) and anxiety (27 percentvs. 19 percent,
P=0.28) in the prednisone group. Two patients with
diabetes in each group reported hyperglycemia, but
serum glucose levels were not measured as part of
the study protocol; therefore, the incidence of un-
reported hyperglycemia is not known.

COMPLIANCE AND SUBGROUP ANALYSIS

As specified by the protocol, we performed sub-
group analyses for the following variables: FEV,
smoking status, and use of inhaled corticosteroids.
Patients who were taking inhaled corticosteroids
were more likely to have a response to prednisone
therapy than were those who were not receiving in-
haled corticosteroids (relative risk of 30-day relapse
in the subgroup taking inhaled corticosteroids,
0.44; 95 percent confidence interval, 0.22 to 0.86).
The patients’ smoking status and the FEV; on the
day of presentation did not influence the response
to prednisone.

Five patients in the placebo group and one in the
prednisone group had an FEV, that was more than
80 percent of the predicted value when they returned
for pulmonary-function testing 30 days after entry
into the study. On the basis of counts of returned
study capsules, the compliance rate was 92 percent
in the placebo group and 96 percent in the predni-
sone group.

DISCUSSION

Our findings indicate that prednisone reduces the
risk of relapse for atleast 30 days after presentation
to the emergency department for an exacerbation of
COPD. The absolute reduction in the risk of relapse
of 16 percent suggests that for every six outpatients
treated with a 10-day course of prednisone, one re-
lapse in 30 days is prevented. The social and eco-
nomic consequences of preventing a relapse may be
substantial. A recent pharmacoeconomic study cal-
culated that the average total direct cost of a COPD
relapse was $477.50.18 Given that a course of pred-
nisone costs pennies per day, one would expect not
only clinical benefits but also substantial potential
economic benefits if the use of prednisone was
widely adopted for the treatment of exacerbations of
this common disease. Nevertheless, the short-term
improvements in relapse rates, dyspnea, and lung
function demonstrated in this study must be bal-
anced against the long-term cumulative risk and

N ENGL J MED 348;26 WWW.NEJM.ORG
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Figure 2. Kaplan—Meier Estimates of the Probability of Remaining Relapse-

Tick marks represent censored data. P=0.04 by the log-rank test.

Table 2. Rates of Relapse and Hospitalization.

Group

Outcome (N=73)

Relapse at 30 days — no./total no. (%)
Absolute reduction in risk (%)*

Time to relapse in 25% of patients — days 7
Hazard ratio in all patients*

Hospitalization for COPD —
no./total no. (%)
Absolute reduction in risk (%)*

15/71 (21)

30/70 (43) 19/70 (27)
16 (0 to 32)

8/72 (11)

Placebo Prednisone
Group P
(N=74)

Value

0.05

23
0.56 (0.32 t0 0.99)

0.04
0.11

10 (-2t0 22)

* Values in parentheses are 95 percent confidence intervals.

costs of side effects associated with prednisone
treatment.

Clinical trials summarized in a Cochrane system-
atic review have established that prednisone bene-
fits patients with asthma who are discharged from
the emergency department.13.19 We therefore tried
to exclude patients with a history of asthma in order
to avoid any bias toward showing a positive effect of
prednisone. Only 6 of 147 patients (4 percent) had
mild or no airflow obstruction 30 days after ran-
domization. These six patients may have had asth-
ma, since their airflow obstruction improved dra-
matically after the exacerbation of COPD. This
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Table 3. Change in Forced Expiratory Volume in One Second (FEV,), Dyspnea,
and Disease-Specific Quality of Life.*
Placebo  Prednisone
Group Group P
Outcome (N=73) (N=74)  Value
Change in FEV, from day 1 to day 10 (%) 15+31 34142 0.007
Transitional dyspnea index score on day 10 2.07+5.53  3.95+4.62 0.04
Chronic Respiratory Disease Index
Questionnaire
Mean change per question in dyspnea  0.97+1.83 1.69+1.55 0.02
score from day 1 to day 10
Mean change per question in total score  1.04+1.47 1.42+1.43 0.14
from day 1 to day 10

s

“ Plus—minus values are means £SD. Scores for the transitional dyspnea index
can range from =9 to 9, with higher positive scores indicating greater improve-
ment in dyspnea. A change of one unit is considered clinically significant.
Scores for the Chronic Respiratory Disease Index Questionnaire can range
from 1 to 7, with higher scores indicating better self-reported, disease-specific
quality of life. A change of 0.5 or greater represents the minimal clinically im-
portant difference.

finding underscores the difficulty in distinguishing
an exacerbation of asthma from an exacerbation of
COPD in the acute care setting?® and argues for
treating exacerbations of both asthma and COPD
with prednisone after a patient is discharged from
the emergency department.

Previous studies have shown that short-term
changes in the quality of life after an exacerbation
of COPD correlate strongly with the incidence of re-
lapse.17:21 Although prednisone reduced the inci-
dence of relapse and improved both lung function
and dyspnea in this study population, its use did not
resultin a significant overall benefit in disease-spe-
cific quality of life. This may relate to some of the
less desirable effects of the drug. More patients tak-
ing prednisone reported insomnia and weight gain,
and there was a trend toward a higher incidence of
anxiety and depression in the prednisone group
than in the placebo group. These findings suggest
that although prednisone had beneficial effects on
the patient’s underlying lung disease, its psycho-
tropic effects may have partially offset any beneficial
effects on the patient’s overall sense of well-being.
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