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ABSTRACT

BACKGROUND
Persistent acute respiratory distress syndrome (ARDS) is characterized by excessive
fibroproliferation, ongoing inflammation, prolonged mechanical ventilation, and a
substantial risk of death. Because previous reports suggested that corticosteroids
may improve survival, we performed a multicenter, randomized controlled trial of
corticosteroids in patients with persistent ARDS.

METHODS
We randomly assigned 180 patients with ARDS of at least seven days’ duration to
receive either methylprednisolone or placebo in a double-blind fashion. The primary
end point was mortality at 60 days. Secondary end points included the number of
ventilator-free days and organ-failure—free days, biochemical markers of inflamma-
tion and fibroproliferation, and infectious complications.

RESULTS
At 60 days, the hospital mortality rate was 28.6 percent in the placebo group (95
percent confidence interval, 20.3 to 38.6 percent) and 29.2 percent in the methylpred-
nisolone group (95 percent confidence interval, 20.8 to 39.4 percent; P=1.0); at 180
days, the rates were 31.9 percent (95 percent confidence interval, 23.2 to 42.0 per-
cent) and 31.5 percent (95 percent confidence interval, 22.8 to 41.7 percent; P=1.0),
respectively. Methylprednisolone was associated with significantly increased 60-
and 180-day mortality rates among patients enrolled at least 14 days after the onset
of ARDS. Methylprednisolone increased the number of ventilator-free and shock-
free days during the first 28 days in association with an improvement in oxygen-
ation, respiratory-system compliance, and blood pressure with fewer days of vaso-
pressor therapy. As compared with placebo, methylprednisolone did not increase
the rate of infectious complications but was associated with a higher rate of neuro-
muscular weakness.

CONCLUSIONS
These results do not support the routine use of methylprednisolone for persistent
ARDS despite the improvement in cardiopulmonary physiology. In addition, start-
ing methylprednisolone therapy more than two weeks after the onset of ARDS may
increase the risk of death. (ClinicalTrials.gov number, NCT00295269.)
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HE ACUTE RESPIRATORY DISTRESS SYN-
drome (ARDS) is caused by an inflamma-
tory injury to the lung that is characterized
clinically by acute hypoxemic respiratory failure.
Pathologically complex changes in the lung are
manifested by an early, exudative phase followed
by proliferative and fibrotic phases.>? Persistent
ARDS is characterized by ongoing inflamma-
tion,*> parenchymal-cell proliferation,® and dis-
ordered deposition of collagen,>°# all of which
may be responsive to corticosteroid therapy.
Four trials of high-dose, short-course cortico-
steroids for early-phase ARDS failed to show im-
provements in survival.®2 Several reports from
small case series suggested a benefit of mod-
erate-dose corticosteroids in patients with per-
sistent ARDS.®1317 A single-center, randomized
trial involving 24 patients who had had ARDS
for seven or more days reported that moderate-
dose corticosteroids improved lung function and
survival.®
The risks associated with corticosteroids in
these patients are unclear. Several studies involv-
ing patients with sepsis and ARDS have suggested
that high-dose corticosteroids increase the risk
of secondary infections,'1121921 yet a meta-analy-
sis of moderate-dose corticosteroids for sepsis did
not substantiate this observation.?? Additional
potential risks of corticosteroids include hyper-
glycemia, poor wound healing, psychosis, pan-
creatitis, and prolonged muscle weakness with
impaired functional status.?3
We conducted a multicenter randomized, con-
trolled trial to determine the efficacy and safety
of this therapy. Our hypothesis was that the ad-
ministration of moderate-dose methylpredniso-
lone to patients with persistent ARDS would im-
prove clinical outcomes without significantly
increasing complications.

METHODS

Patients were enrolled from August 5, 1997,
through November 17, 2003, at 25 hospitals of the
National Heart, Lung, and Blood Institute (NHLBI)
ARDS Clinical Trials Network (see the Appen-
dix). The institutional review board of each hos-
pital approved the trial. Written informed consent
was obtained from patients or their surrogates. A
complete description of the protocol and meth-
ods is available at www.ardsnet.org.

PATIENTS
Patients who were intubated and receiving me-
chanical ventilation were eligible for enrollment
7 to 28 days after the onset of ARDS as previously
defined.* The ratio of the partial pressure of arte-
rial oxygen (PaO,) to the fraction of inspired oxy-
gen (F10,) was adjusted for barometric pressure
in Denver and Salt Lake City. Continuous mechan-
ical ventilation and persistent bilateral infiltrates
were required from the onset of ARDS to study
entry. On the day of study entry, the PaO,:F10, ratio
had to be less than 200. Exclusion criteria are
listed in the Supplementary Appendix, available
with the full text of this article at www.nejm.org.

STUDY PROTOCOL
Patients were randomly assigned with the use of
permuted blocks to receive either intravenous meth-
ylprednisolone sodium succinate (methylpredniso-
lone) diluted in 50 ml of 5 percent dextrose in
water or placebo (50 ml of 5 percent dextrose in
water), stratified according to hospital. A single
dose of 2 mg of methylprednisolone per kilogram
of predicted body weight?* was followed by a dose
of 0.5 mg per kilogram of predicted body weight
every 6 hours for 14 days, a dose of 0.5 mg per
kilogram of predicted body weight every 12 hours
for 7 days, and then tapering of the dose. Study
drug was tapered over a period of 4 days if 21 days
of treatment had been completed and the pa-
tient was unable to breathe without assistance
for a period of 48 hours. Tapering occurred over
a two-day period if disseminated fungal infection
or septic shock developed or the patient was able
to breathe for a period of 48 hours without as-
sistance.

The protocol specified how patients were to
be weaned from the ventilator. Patients were as-
sessed daily for weaning readiness and weaned
by pressure-support ventilation when acceptable
arterial oxygenation could be maintained with the
use of an FIO, of 0.5 or less.

Data on demographic characteristics, physio-
logical characteristics, radiographic features, co-
existing conditions, and medication were recorded
at study entry and on days 1, 2, 3, 4, 5, 7, 14, 21,
and 28. Patients were followed until they died,
were discharged home while breathing without
assistance, or day 180, whichever came first.

Patients were monitored daily for cardiovas-
cular, renal, and hepatic failure and coagulation
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abnormalities, as defined previously, for 28 days.2*
According to our definition, organs were consid-
ered failure-free after patients had been discharged
from the hospital.

Any positive culture of material from a nor-
mally sterile site, when clinically available (cere-
brospinal fluid, blood, pleural fluid, urine [>10°
colonies per milliliter]), as well as of bile and ab-
dominal (peritoneal) fluid, was recorded. Data from
weekly chart reviews were recorded if evidence
of serious infections (e.g., nosocomial pneumo-
nia, disseminated fungal infection, or sepsis) or
other infections was present (a complete list of
prospectively defined infections is provided in the
Supplementary Appendix). Bronchoalveolar-lavage
fluid and plasma were obtained at study entry and
on day 7 and processed as previously described?>
(details are provided in the Supplementary Appen-
dix). Plasma samples were stored in EDTA-treated
tubes.

EVENTS OF NEUROMYOPATHY
Early in the course of the study, six adverse events
of neuropathy, myopathy, or myositis were report-
ed among patients in one treatment group. At the
request of the data and safety monitoring board,
we reviewed the charts of all 88 previously en-
rolled patients for evidence of neuromyopathy,
as defined by the presence of the terms “myopa-
thy,” “myositis,” “neuropathy,” “paralysis,” or “un-
explained weakness” in the medical record.
Clinically available information pertaining to neu-
romyopathy was collected from the charts of pa-
tients identified in this manner. The data and
safety monitoring board and an NHLBI-appoint-
ed neurologist reviewed these data and recom-
mended the continuation of the study. The charts
of the final 91 patients who were enrolled were
reviewed prospectively.

STATISTICAL ANALYSIS
The primary outcome was mortality 60 days after
enrollment. Patients discharged home while breath-
ing without assistance before 60 days were de-
fined as survivors. The comparisons were conduct-
ed according to the intention-to-treat principle.
We originally estimated that 400 patients would
need to be enrolled for the study to have a statis-
tical power of 85 percent to detect an absolute
difference in mortality rates of 15 percent be-
tween groups (50 percent in the placebo group

vs. 35 percent in the methylprednisolone group).
After two years, we resized the study to detect a
decrease in mortality from 40 percent to 20 per-
cent because of survival data from our previous
trial>* and because the low rate of enrollment pre-
cluded timely completion of the original study.
The modified sample calculation of 180 patients,
approved by the data and safety monitoring board,
provided the study with 85 percent power to de-
tect this reduction in mortality at a two-sided
significance level of 5 percent. Interim analy-
ses were performed by the data and safety mon-
itoring board after the enrollment of successive
groups of approximately 60 patients with the use
of symmetric stopping boundaries (two-sided
a=0.05).

Secondary outcomes included the number of
ventilator-free days (the number of days patients
were alive and breathing without assistance) dur-
ing the first 28 days,?*2° the number of days with-
out organ failure during the first 28 days, infec-
tious complications during the first 28 days, and
changes in markers of inflammation and fibro-
proliferation on study day 7. The following a priori
determined covariates were examined for a treat-
ment interaction: PaO,:F10,, respiratory-system
compliance, minute ventilation, time of entry after
onset of ARDS (greater than 13 days vs. 7 to 13
days), number of nonpulmonary organs that failed,
sepsis-initiated ARDS (vs. ARDS from other caus-
es), and baseline levels of procollagen peptide type
III. Two other covariates, tidal volume (expressed
as milliliters per kilogram of predicted body
weight) and date of enrollment, were added after
the completion of the ARDS Clinical Trials Net-
work tidal volume study.?* Interactions were identi-
fied with the use of the Wald test and a logistic-
regression model including main effects and
interaction terms. Fatality rates were compared
with use of Fisher’s exact test. We calculated Wil-
son’s confidence intervals.?”

After the study was completed, an analysis re-
vealed that 52 patients were still hospitalized and
12 patients were still receiving mechanical ven-
tilation 60 days after enrollment. To obtain more
complete information on outcomes, we reviewed
patients’ records to determine their hospital-dis-
charge status up to 180 days after enrollment. This
review was performed at each site by the site in-
vestigators without knowledge of patients’ treat-
ment assignments.
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RESULTS

A total of 4123 patients were screened for the
study, 659 (16 percent) of whom never met eligi-
bility criteria. Of the remaining 3464 eligible pa-
tients, 180 (5 percent) were enrolled between day
7 and day 28 after the onset of ARDS: 91 were
randomly assigned to the placebo group and 89
to the methylprednisolone group. The most com-
mon reason for exclusion was immunosuppres-
sion, which included the prior use of corticoste-
roids (22 percent) (Fig. 1). All patients had complete
180-day follow-up for survival status.

At baseline, the cohort was critically ill with
severe ARDS as reflected by Acute Physiology and
Chronic Health Evaluation III scores, PaO,:F10,,
partial pressure of arterial carbon dioxide, and
respiratory-system compliance (Table 1). Except
for the percentage of men, the baseline demo-
graphic and physiological variables did not dif-
fer significantly between groups (Table 1). Patients
who were enrolled before our tidal volume study?*
was completed (in March 1999) had a mean (+SD)
baseline tidal volume of 9.2+2.6 ml per kilogram
of predicted body weight as compared with a value
of 6.8%£1.6 ml per kilogram of predicted body
weight among patients enrolled after April 1, 1999
(P<0.00D).

There was no significant difference in the
60-day hospital mortality rate, with 26 deaths in
each group: 28.6 percent (95 percent confidence
interval, 20.3 to 38.6 percent) in the placebo group
and 29.2 percent (95 percent confidence interval,
20.8 to 39.4 percent) in the methylprednisolone
group, for an absolute difference of 0.6 percent
(95 percent confidence interval, —12.6 to 13.9 per-
cent) favoring placebo (Table 2). At 180 days, 29
patients (31.9 percent) had died in the placebo
group and 28 (31.5 percent) had died in the meth-
ylprednisolone group (Table 3).

The duration of ARDS before study entry and
procollagen peptide type III levels at baseline
were found to interact with treatment and mor-
tality. Treatment with methylprednisolone was
associated with a significantly increased mortal-
ity rate among patients who had had ARDS for
more than 13 days before enrollment and a sig-
nificantly decreased mortality rate among those
with higher-than-median levels of procollagen
peptide type III in bronchoalveolar-lavage fluid

Figure 1 (facing page). Enrollment and Possible
Outcomes.

Eligibility criteria included the presence of ARDS for

7 to 28 days, continuous mechanical ventilation, per-
sistent bilateral opacities on chest radiography, and

a ratio of the partial pressure of arterial oxygen to the
fraction of inspired oxygen of less than 200 on the day
of enrollment. All patients were initially receiving mechani-
cal ventilation. A large fraction of each group was initially
able to breathe without assistance (the mean duration
of assisted ventilation was 14 days in the methylpred-
nisolone group and 24 days in the placebo group,
P=0.006), but some patients in each group again re-
quired assisted ventilation after having breathed with-
out assistance for at least 48 hours. Of these patients,
some were once again able to breathe without assistance,
but some died. The term “discharged home” was applied
to patients who were able to breathe without assistance
and returned to the same type of facility they had been
in before hospitalization (e.g., home or a skilled nurs-
ing facility) before 180 days. The term “not home at
180 days” was applied to patients who either still need-
ed breathing assistance or had not returned to the
same type of facility they had been in before hospital-
ization by 180 days. We used Gray’s test?® to compare
the cumulative incidence rates of death, discharge home,
resumption of assisted ventilation, and freedom from
the need for assisted ventilation among patients whose
assisted-breathing history differed.

at baseline (Tables 2 and 3). None of the other
interactions, including tidal volume (P=0.63) and
date of enrollment (P=0.34), were significant.
There were no significant differences between
the group enrolled 7 to 13 days after the onset of
ARDS and the group enrolled at least 14 days
after the onset of ARDS, other than in the per-
centage of men and the positive end-expiratory
pressure at baseline (13.3+5.0 and 10.8+5.1 cm of
water, respectively; P=0.004) (Table 4 of the Sup-
plementary Appendix).

The methylprednisolone group had signifi-
cantly more ventilator-free days than the placebo
group during the first 28 days (Table 2) as well
as at 180 days (Table 3). Patients given methyl-
prednisolone were able to breathe without assis-
tance sooner than patients given placebo (14.1
days vs. 23.6 days, P=0.000) (Fig. 2). As compared
with the placebo group, the methylprednisolone
group also had significantly fewer days in the in-
tensive care unit (ICU) during the first 28 days
(Table 2), but not at day 180 (Table 3). Survivors
in the placebo group spent more days receiving
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4123 Patients screened

659 (16%) Never met
eligibility criteria

3464 Eligible

3284 (95%) Excluded

722 (22%) Had immunosuppression
including previous use of cortico-
steroids

502 (15%) Had chronic respiratory
disease

273 (8%) Had chronic liver disease

253 (8%) Enrolled in another
trial within 30 days

250 (8%) Had primary physician
decline on their behalf

171 (5%) Had a terminal illness

167 (5%) Had received bone
or lung transplant

946 (29%) Had other reasons

180 (5%) Enrolled while receiving
assisted ventilation
91 Assigned to placebo
89 Assigned to methylprednisolone

:

41 Died while receiving

24 In placebo group
17 In methylprednis-
olone group

assisted ventilation

137 Able to breathe without
assisted ventilation
65 In placebo group
72 In methylprednis-
olone group
(P=0.006)

2 Not home at 180 days
2 In placebo group
0 In methylprednis-
olone group

'

: '

l

5 Died while not receiving
assisted ventilation
2 In placebo group
3 In methylprednis-
olone group

26 Resumed assisted
ventilation
6 In placebo group
20 In methylprednis-
olone group
(P=0.006)

6 Not home at 180 days
2 In placebo group
4 In methylprednis-
olone group

100 Discharged home
55 In placebo group
45 In methylprednis-

olone group
(P=0.006)

'

l

ventilation
2 In placebo group

7 Died while receiving assisted

5 In methylprednisolone group

19 Again able to breathe without
assisted ventilation
4 In placebo group
15 In methylprednisolone group

4 Died

1 In placebo group
3 In methylprednisolone group

15 Discharged home
3 In placebo group
12 In methylprednisolone group
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Table 1. Baseline Characteristics of the Patients.*

Characteristic

Age (yr)
Male sex (%)

Days in hospital before
study entry

Days from ARDS onset
to study entry

No. of nonpulmonary
or CNS organ
failures

No. of patients
Category of lung injury (%)
Trauma
Sepsis
Multiple transfusions
Aspiration
Pneumonia
Other
Direct lung injury (%)
Indirect lung injury (%)

No. of radiographic quad-
rants involved

No. of patients
APACHE Il score§
Glasgow Coma scoreq|

Systolic blood pressure
(mm Hg)

Albumin (g/dl)

No. of patients
Glucose (mg/dl)

No. of patients
Bilirubin (mg/dl)

No. of patients
Highest creatinine (mg/dl)

No. of patients
White-cell count (per mm?)

No. of patients
Hematocrit

No. of patients
Arterial pH

No. of patients

Total Population

Randomization within 7-13 Days

Randomization within 14-28 Days

Methyl-
Placebo prednisolone
(N=91) (N=89)
49.2+16.5 49.0+19.0
58 40
12.3+6.6 12.4+6.2
11.3+4.0 11.3+3.8
0.6+0.8 0.7+0.7
85 81
13 12
19 21
1 1
18 16
38 38
11 11
56 54
44 46
3.9+0.4 3.9+0.4
91 89
84.6+29.4 87.6+27.5
8.8+4.5 8.4+4.5
122.9+24.0 121.6+21.0
2.0+0.5 1.9+0.5
80 77
141.6+52.8 152.8+72.6
89 89
1.2+2.0 1.5£3.5
81 78
1.3x1.3 1.3+1.4
87 86
13,874+7,140 15,401+8,041
89 89
30.4+4.3 29.1+4.2
89 89
7.4+0.1 7.4+0.1
88 86

after ARDS Onset
Methyl-
Placebo prednisolone
(N=66) (N=66)
50.7+17.4 47.8+16.9
59 42
10.1+5.6 10.9+5.9
9.3+2.0 9.4+£2.0
0.6+0.8 0.6+0.6
64 59
11 12
14 20
1 2
20 15
42 36
12 15
62 52
38 48
3.9+0.4 3.8+£0.5
66 66
86.8+31.6 87.9+28.4
8.7+4.7 8.1+4.5
123.3+23.9 122.7+22.9
2.0+0.5 1.9+0.6
61 55
146.4+57.1 160.2+76.0
66 66
1.3+£2.2 1.8+4.1
62 56
1.4+1.4 1.4+1.4
64 64
13,519+7,032 16,083+8,586
66 66
30.8+4.5 29.3+4.6
66 66
7.4+0.1 7.4+0.1
65 63

after ARDS Onset
Methyl-
Placebo prednisolone
(N=25) (N=23)
45.2+13.0 52.5+24.2
56 35
18.0+5.6 16.9+4.6
16.6+3.0 16.6+2.4
0.9+0.8 0.8+0.9
21 22
20 13
32 26
12 17
28 44
8 0
40 61
60 39
3.8+£0.5 4.0+0.0
25 23
78.8+22.2 86.9+25.3
8.9+3.9 9.1+4.5
121.6+24.7 118.6+14.6
2.0+0.5 1.9+0.4
19 22
127.9+35.3 131.6+58.2
23 23
0.9+1.0 0.9+1.3
19 22
1.0+£0.8 1.3x1.3
23 22
14,893+7,509 13,444+5,951
23 23
29.1+3.4 28.6+3.0
23 23
7.4+0.1 7.4+0.1
23 23
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