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Part 1

Study Summary

The late phase of ARDS is often characterized by excessive
fibroproliferation leading to gas exchange and compliance abnormalities.
While corticosteroids are not effective in early ARDS, several case reports
and uncontrolled case series suggest that corticosteroids may be useful in
the management of late-phase ARDS. To test this hypothesis, a
randomized, double-blinded trial comparing corticosteroids to placebo in
severe, late-phase ARDS after 7 days is proposed. Mortality at 60 days is
the primary endpoint. Secondary endpoints are ventilator-free days and
organ failure-free days.

e Title LATE STEROID RESCUE STUDY (LaSRS): The Efficacy of
Corticosteroids as Rescue Therapy for the Late Phase of Acute
Respiratory Distress Syndrome

e Objectives To determine if the administration of corticosteroids, in
the form of methylprednisolone sodium succinate, in severe,
late-phase ARDS after 7 days, will reduce mortality and morbidity.

e Study Design Multicenter, prospective, randomized, controlled
clinical trial. Methylprednisolone and placebo will be administered in
a double-blind fashion.

e Inclusion Criteria

1. ARDS, defined as the acute onset of:

(a) PaO2/FiOg < 200. If altitude > 1000m, use (PaOy/FiO2) x
(Pbar/ 760)

(b) Bilateral infiltrates. The infiltrates may be patchy, diffuse,
homogeneous, or asymmetric, and should be consistent with
pulmonary edema or the fibrotic changes of
fibroproliferation. Opacities due to pleural effusions or
atelectasis should not be considered.

(c) Requirement for positive pressure ventilation via
endotracheal tube.
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(d)
(e)

No evidence of left atrial hypertension. If measured, PAWP
< 18 mm Hg.

Criteria a-d must occur together within a 24-hour interval.
The first date that these criteria are met is defined as the
onset of ARDS.

2. Patients will be > 7 days and < 28 days since onset of ARDS.
3. Since ARDS onset:

(a)
(b)

Bilateral infiltrates must have persisted.

The subject must have required continuous mechanical
ventilation (defined as < 24 hours of unassisted ventilation).

4. PaO2/FiO2 < 200 on PEEP > 5 cm Hy0 on the day of LaSRS
enrollment.

e Exclusion Criteria

1. Clinical evidence of active, untreated infection.
Clarifications:

(a)

A known, undrained abscess (e.g., Staphylococcal lung
abscess or loculated empyema or intra-abdominal abscess)
or a known intravascular nidus of infection (e.g., bacterial
or fungal endocarditis) will be a basis for exclusion, even if
it is being treated with antibiotics.

A bacterial infection being treated with a standard
antibiotic regimen, with the exception of 1a above, would
not be a basis for exclusion.

Disseminated fungal infection, even if being treated, is an
exclusion.

Ongoing septic shock as defined by Appendix A, even if on
antibiotics is a basis for exclusion. Patients may be
reconsidered for enrollment after septic shock has resolved
for 24 hours, as defined in Appendix A.

2. Age < 13 years.

3. Participation in other IND trials within previous 30 days
(Exception: A patient treated with nitric oxide in a
compassionate use IND trial may be enrolled).

4. Pregnancy.

5. Burns requiring skin grafting.
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10.

11.

12.

13.

14.
15.

. Patients with AIDS by CDC criteria, diagnosed by either a

documented AIDS defining illness or CD4 < 200 (see
Appendix J); prednisone therapy > 300 mg (or its equivalent)
cumulative dose within 21 days prior to enrollment, or > 15
mg/day (or its equivalent) within 7 days prior to enrollment;
cytotoxic therapy within 3 weeks, see Appendix G.

. Malignancy or other irreversible chronic disease or condition for

which 6 month mortality is estimated > 50%.

. Not committed to full support (Exception: A patient will not be

excluded if he/she would receive all supportive care except for
attempts at resuscitation from cardiac arrest).

. Severe chronic liver disease (Child-Pugh Class C score > 10

points, see Appendix A).

Transplant patients with the exception of autologous bone
marrow transplants not otherwise excluded by section 4.3.6.

Severe chronic respiratory disease (e.g., COPD, pulmonary
fibrosis, morbid obesity [> 1 kg/cm body weight], and other
chronic diseases of the lung, chest wall, or neuromuscular
system).

New clinical diagnosis of nosocomial pneumonia with < 72
hours of appropriate therapy at the time of screening.

Extracorporeal support of gas exchange at the time of study
entry (e.g., ECMO, IVOX, ECCO2R).

Known or suspected adrenal insufficiency.

Vasculitis with diffuse alveolar hemorrhage.

e Efficacy The primary efficacy variable is the percentage of patients
alive at 60 days from study entry. Patients discharged alive from the
hospital on unassisted breathing before 60 days will be defined as
survivors. Secondary efficacy variables include: a) Ventilator-free
days at 28 days following study entry and b) Organ failure-free days
at 28 days following study entry.
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Part II

Study Description

LATE STEROID RESCUE STUDY (LaSRS):
The Efficacy of Corticosteroids as Rescue Therapy
for the Late Phase of Acute Respiratory Distress
Syndrome
Protocol for the NIH ARDS Network

1 BACKGROUND

1.1 Fibroproliferation and ARDS

The acute respiratory distress syndrome (ARDS) is a pathophysiologic
response of the lung to a variety of direct or indirect injurious processes.
This response manifests itself clinically as severe hypoxemia and diffuse
pulmonary infiltrates on chest radiograph [1]. As ARDS develops and
evolves, complex changes in the lung have been divided into several stages
based on pathological and clinical findings [2]. It is not clear that every
case of ARDS evolves in a step-wise fashion, passing from one stage to the
next leading ultimately to resolution or death. Nevertheless, therapy for
ARDS might differ depending on the stage of the disease, especially if it
were easy to clinically separate these stages from each other.

Histopathology of early ARDS reveals a marked acute inflammatory
response with diffuse alveolar damage, influx of large numbers of
neutrophils, and evidence of capillary injury. This early stage of ARDS is
frequently referred to as the “exudative phase” given the outpouring of
inflammatory cells and proteinaceous material into the airspaces [3],[4].
While severity of illness varies, patients may be profoundly hypoxemic
during this phase of ARDS. Physiologically, hypoxemia at this time results
from intrapulmonary shunting since alveoli are atelectatic or filled with
exudate and hyaline membranes [5],[6]; increased deadspace is also present
[6]. Thirty-three to fifty percent (33-50%) of deaths after ARDS occur
within the first 3-7 days [7]. These patients who die during this early stage
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of ARDS often succumb to their underlying illness and not to respiratory
failure [7]. Other patients improve and are extubated. Nevertheless, given
the average time on a ventilator of 10-14 days, a significant number of
patients continue with persistent, severe respiratory failure at the end of
one week. The fatality rate of persistent, severe ARDS in patients who
survive the first week of therapy is not well-described. Some data suggest
that for all ARDS patients still mechanically ventilated, it may be similar
to the 40% overall fatality rate [8],[9]. This may not apply to the proposed
study, however, since those data include all patients, including patients
who might be improving. The fatality rate of patients not improving or
deteriorating after the first week is not known.

The cause of persistent ARDS is not well understood and is likely
multifactorial. After a few days of lung injury, alveolar cell, endothelial
cell, and fibroblast proliferation occurs, perhaps in an attempt by the lung
to heal itself. If resolution does not occur during this organizational phase
(also called the proliferative phase), disordered collagen and collagen
precursor deposition leads to an accumulation of extracellular matrix,
alveolar and interstitial scarring, capillary obliteration, and architectural
distortion [3],[4],[10]. This may occur as early as 3-7 days of lung injury
[10]. Clinically, gas exchange abnormalities persist, due now to
ventilation/perfusion abnormalities and increased dead-space ventilation
[5]. The lungs often become very stiff. Patients respond less well to the
application of positive end-expiratory pressure (PEEP). This fibrotic, or
fibroproliferative, phase of ARDS carries with it a high risk of prolonged
ventilatory support, and death from respiratory and multiple organ failure.
Reasons for this include progressive respiratory failure or, more commonly,
increased risk of nosocomial pneumonia, sepsis, multiple organ failure, and
other complications of ICU care.

Collagen accumulation in ARDS results, at least in part, from increased
procollagen synthesis. This has been shown in several animal models of
acute lung injury [11],[12]. Immunohistologic evaluation of lung tissue from
patients with ARDS has revealed an abundance of type I and type ITI
collagen, with type III collagen predominating earlier in the disease process
[10]. The N-terminal peptide of type III procollagen (procollagen III),
which is cleaved from the precursor procollagen molecule during synthesis,
appears to be a useful marker of collagen synthesis. A correlation between
lavage fluid procollagen III concentrations and severity of illness was
reported in patients with idiopathic pulmonary fibrosis [13]. Serum
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procollagen IIT levels in patients with sarcoidosis have been shown to be
increased and correlated with disease progression [14]. An association
between fibrosis and elevated BAL procollagen III levels has been noted in
ARDS as well [15]. The severity of fibroproliferation, as measured by BAL
procollagen peptide III, appears to correlate with mortality [16]. Clark and
her colleagues found that a procollagen III level >1.75 U/mL in
bronchoalveolar lavage (BAL) significantly correlated with an increased
risk of death. High levels of procollagen III could be found as early as 3
days after onset of ARDS, but in patients whose levels remained high by
day 7, mortality was > 60%. Patients with a low level of procollagen III on
day 7 had a mortality of 24%. Clark speculated that analysis of lavage
fluid for procollagen III might identify patients who would benefit from
therapies aimed at modulating a maladaptive fibroproliferative response.

While the exact pathogenesis of fibroproliferation in ARDS is unknown,
many factors have been identified [17],[18]. Several cytokines have been
implicated in the pulmonary fibrotic response, including TNFq, IL-1, IL-8,
PDGF, and TGF. In late ARDS, release of these mediators into the
alveolar microenvironment from activated macrophages may modulate the
pulmonary fibrotic response [17]. TNF can stimulate the growth of
pulmonary fibroblasts and the deposition of collagen . IL-13 and IL-8 may
also play a role in chronic inflammation and fibrosis. PDGF and TGF-3
are pro-fibrotic cytokines that stimulate fibroblasts and the production of
components of extracellular matrix.

1.2 Effects of Corticosteroids

Corticosteroids generally exert an inhibitory effect on cytokine
transcription, including the putative pro-fibrotic cytokines TNFc, IL-1,
IL-6, and IL-8 [19]. Steroids also block cytokine effects by inhibiting some
cytokine receptors and by antagonizing cytokine-mediated activation of
transcription factors such as AP-1 and NF«xB activation by TNFa [19],[20].
Steroids may also have a direct effect on the expression of adhesion
molecules such as ICAM-1 and E-selectin [21]. Finally, in patients with
late ARDS, corticosteroids have been shown to reduce high serum and
BAL levels of TNF, IL-1, and IL-6 [22]. In that study, the reduction in
cytokine levels paralleled improvements seen in lung injury score during
corticosteroid administration.
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In addition to reducing inflammation and fibrosis through inhibition of
cytokines, corticosteroids may facilitate collagen breakdown.
Corticosteroids accelerate fibroblast procollagen mRNA degradation and
may also increase type I collagen degradation. In an experimental model of
lung injury, corticosteroids were shown to prevent excessive collagen
deposition [23]. Clinically, corticosteroids are used in several fibrotic
diseases of the lung. Consequently, it is conceivable that corticosteroids
may have a beneficial effect on the fibroproliferative stage of ARDS,
leading several researchers to attempt treatment of so-called “chronic” or
“late-phase” ARDS with high-dose corticosteroids.

1.3 Clinical Experience with Corticosteroids for Late-Phase
ARDS

Four small case series, one case report, and one randomized controlled trial
have been published reporting the efficacy of corticosteroids in treating
patients with fibroproliferative-phase ARDS. In 1985, Ashbaugh and Maier
reported ten cases of ARDS treated with corticosteroids [24].
Corticosteroids were initiated a mean of 12 days (range 6-22 days) after
the onset of ARDS. An extensive pre-treatment evaluation was conducted
to rule out infection, including open-lung biopsies which also demonstrated
pulmonary fibrosis. A dose of methylprednisolone 125 mg every 6 hours
was given, corresponding to 4-8 mg/kg/day. Eight of the ten patients
survived. Steroids were given for a mean of 51 days (range 22-108 days).
The two non-survivors died of overwhelming sepsis (Maier, personal
communication).

In 1990, Hooper and Kearl also reported on ten patients with established
ARDS [25]. They updated their observations to include a total of 26
patients [26]. Patients were considered eligible for corticosteroids if they
had established ARDS of at least 3 days duration that had not improved
for 72 hours, the event or process that caused the ARDS had to be
resolved or controlled, and the patient had to be free of active infections.
Steroids were started at an average of 9 days into the course of ARDS
(range 3-40 days). Methylprednisolone was used in very high doses: 125 -
250 mg every 6 hours “to ensure an anti-inflammatory effect”. This is the
highest reported dose of methylprednisolone for established ARDS in the
literature. Methylprednisolone was continued for 3 - 4 days and then
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tapered every 2 - 3 days as clinically tolerated. Patients often were on
methylprednisolone for 3 to 5 weeks. The authors report significant
improvement in all patients after 3 - 5 days of therapy. The overall
survival rate was 81% (21/26). When patients were separated into
single-organ failure (pulmonary, n = 12) and multiple-organ failure, (n =
14), the survival rates were 100% and 64% respectively. Three patients
died of MODS, one died of systemic candidiasis, and one died of a cardiac
arrhythmia. Other complications included one wound infection, one
empyema, and two GI bleeds. Routine bronchoscopy was not part of their
protocol, nor were other aspects of clinical management controlled.
However, after the death occurred from systemic candidiasis, all
subsequent patients were treated with prophylactic fluconazole.

In 1991, Meduri and colleagues presented 8 patients with fibroproliferative
ARDS who received methylprednisolone (2 mg/kg bolus followed by 2-3
mg/kg/day at 6-hour intervals) after infection was ruled out [27]. Steroids
were given for a prolonged period of time and six of the eight patients
survived. Also reported were improvements in oxygenation (PaOg/FiOq
ratio), compliance, and lung injury score. Meduri and associates expanded
their observations and subsequently described 25 patients with ARDS
(including the original 8) who received steroids for fibroproliferative ARDS
[28]. Nineteen of these 25 patients (76%) survived.

Braude and colleagues, in 1992, described a single patient who had ARDS
for 3 weeks before receiving 1 mg/kg/day (prednisolone 60 mg daily) [29].
The authors claim dramatic improvements were seen after 48 hours of
therapy but they do not comment on the duration of prednisolone. The
patient survived.

In 1995, Biffl and colleagues reported on 6 patients over a 5 year period of
time who received corticosteroids for “refractory” ARDS [30]. These
patients had no evidence of other organ failure and underwent an
evaluation, including bronchoalveolar lavage, to exclude an active infection.
During steroid therapy, infection surveillance was heightened including
repeated BAL at 3-5 day intervals. Corticosteroids were started 16 days
after onset of ARDS (range: 12 - 26 days). Weaning of steroids, based on a
clinical response (increase in PaO2/FiOq ratio by 50%) was initiated on
days 4 - 11 in the 5 responders. A patient who had lung cancer never
responded and subsequently died on the ventilator. The mean duration of
steroid therapy was 21.3 + 4.3 days (range 13 - 42 days) and the total
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number of ventilator days was 43.8 + 9.6 (range 24 - 90). Five of the six
patients (83%) survived. Complications included gastric necrosis,
Staphylococcus aureus lung abscess, two episodes of catheter-related sepsis,
a fungal UTI, and an episode of prolonged neuromuscular blockade
following concurrent use of atracurium and steroids. Several patients
(n=4) had barotrauma prior to treatment; two pneumothoraces were
reported after therapy commenced. The authors state that all responders
had a dramatic response within 3 - 7 days.

Finally, a small randomized controlled clinical trial of methylprednisolone
(2 mg/kg bolus foloowed by 2 mg/kg/day; n=16) versus placebo (n=8)
demonstrated a reduction in hospital mortality from 62% in placebo
treated patients to 12% in steroid treated patients (p=0.03)[34]. The rate
of infections per day of treatment was similar in both groups.

The four case series, with a combined N = 67 (N = 10, 26, 25, 6), have a
consistently high survival rate of 76%-83% (Table 1). Unfortunately, these
studies are uncontrolled and, therefore, cannot detect an improvement in
survival compared to any control group. The one randomized controlled
trial also demonstrated a high survival rate (88%) but the control group,
half of which crossed over to steroids, was relatively small making a
meaningful comparison of the treatment groups difficult. In fact, the
reported survival rates for steroid treated patients in these series are not
very different than the survival rate of patients with ARDS still alive and
on the ventilator 2 weeks from onset of ARDS [8], [9]. Finally, the dose of
corticosteroids differed amongst the studies as shown in Table 2.

The lack of a large randomized controlled trial and the potential risks of
corticosteroids in the ICU, including predisposition to infectious
complications, preclude recommending corticosteroids as standard therapy
for late ARDS. These trials are nevertheless encouraging and support the
need for a large, multicenter, randomized, controlled trial to determine the
efficacy and safety of this therapy.

1.4 Toxicity of Corticosteroids

The risks associated with high-dose corticosteroids in the intensive care
unit are myriad and, on occasion, can be difficult to distinguish from the
complicated course that many patients with ARDS experience. The most
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Table 1: Characteristics of 5 Reports and 1 Controlled Trial Describing
Efficacy of Corticosteroids in Refractory ARDS

Characteristics of 5 Reports and 1 Randomized Controlled Trial
Describing Efficacy of Corticosteroids in Refractory ARDS

Author/Site Year Number Survival Rate Comments

Ashbaugh (Seattle) 1985 10 80% Two deaths due to over-

whelming sepsis

Hooper (Phoenix) 1990, 96 26 81% 1 death due to systemic

candidiasis; 1 wound infec-
tion; 1 empyema

Braude (London) 1992 1 100%

Meduri (Memphis)  1991,94 25 76% 11 nosocomial pneumo-
nias; 2 abdominal sepsis; 2
candidemias; 1 wound de-
hiscence

Biffl (Denver) 1995 6 83% 4 nosocomial infection; 1
gastric rupture; 1 pro-
longed paralysis

Meduri (Memphis) 1998 24 88% Steroid  No incease in rate of infec-

tions per day of treatment

38% Placebo

serious, and potentially life-threatening, complication is the development
of a nosocomial infection. Corticosteroids are believed to impair
phagocytic and bactericidal function through several mechanisms. This
can leave the host vulnerable to nosocomial infection with bacteria and
filamentous fungi. Dissemination of viral infections (e.g., HSV, VZV) have
been reported. Other infections with parasitic agents, such asPneumocystis
carinii and Tozoplasma gondii, are distinctly unusual as a complication of
short-course, high-dose corticosteroid therapy. Several studies of
corticosteroids for early and late ARDS have resulted in many nosocomial
infections in the treatment groups. Unfortunately, any patient with ARDS
on mechanical ventilation is at high risk of developing a nosocomial
infection. It becomes difficult to determine when an infection is due to
corticosteroids and when it is due to the underlying critical illness.
Corticosteroids can also mask infection by reducing fever and causing a
leukocytosis through demargination of neutrophils. Standard clinical
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