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Abstract Controversy surrounds the use of adjunctive corti-
costeroids in severe community acquired pneumonia (CAP)
as current guidelines either do not address or discourage their
use. Double-blind, placebo-controlled, randomized controlled
trials examining systemic corticosteroids in the treatment of
severe CAP were summarized and their impacts on patient-
important outcomes assessed. Four trials describing systemic
corticosteroid use in adults with severe CAP were identified.
One trial had a significant mortality difference favoring corti-
costeroids. However, this may be the result of a CAP severity
imbalance within the trial and the mortality benefit was not
confirmed in a larger trial conducted in a similar critical care
setting. Pneumonia severity, mortality assessment timing, co-
morbidities, corticosteroid and antibiotic choice and timing in
the CAP disease course, and bias risks varied across the four
trials. Because of the clinical heterogeneity of available stud-
ies and the unknowns pertaining to clinical efficacy and safety,
we do not recommend the use of adjunctive corticosteroids in
severe CAP.
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Introduction

Lower respiratory tract infections are the sixth leading cause
of death in high-income countries [1]. Community-acquired
pneumonia (CAP), defined as an infection of the lung paren-
chyma in patients not hospitalized or living in a long-term care
facility during the 2 weeks preceding symptom onset, ac-
counts for a significant proportion of lower respiratory tract
infections [2, 3]. Approximately 4 million ambulatory care
visits by US children and adults in 2006 were attributed to
pneumonia, with the majority of visits by adults [2, 3]. Be-
tween 2002 and 2009, pneumonia was the third most preva-
lent emergency department diagnosis leading to intensive care
unit (ICU) admission and was the leading infectious disease-
related cause of ICU admission [4]. Mortality associated with
CAP varies depending on risk factors, severity of illness, and
mortality outcome definition, and ranges from 0 to 18 % [2].
A recent study revealed that 52 % of Canadian and American
patients diagnosed with CAP had a severe presentation, as
defined by a pneumonia severity index (PSI) risk class of IV
and V [5]. Despite advances in the understanding of adminis-
tering early appropriate antimicrobial therapy for CAP, mor-
tality remains approximately 20 % in patients with severe
CAP [5, 6].

Therapeutic strategies for the treatment of severe CAP in
adults include systematically assessing pneumonia severity
and the need for ICU admission, initiating timely appropriate
antibiotic therapy, initiating a lung protective ventilation strat-
egy that delivers low tidal volumes, implementing institution-
al quality improvement initiatives such as a CAP bundle, and
providing influenza and pneumococcal immunization where
appropriate [7, 8]. One adjunct strategy that remains to be
clearly defined is the use of systemic corticosteroids. Severe
CAP is associated with a significant increase in pulmonary
and circulatory inflammatory cytokines that have been linked
to bacteremia, radiographic severity, need for mechanical
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ventilation, and severity of illness [7, 9-12]. Glucocorticoids
suppress inflammatory gene expression from inflammatory
structural cells, which predominantly explains their
antiinflammatory effects [13]. Mechanistically, glucocorti-
coids show promise in the adjunctive treatment of severe
CAP. However, international adult CAP clinical practice
guidelines either do not make specific recommendations for
using systemic corticosteroids or strongly recommend against
their use for severe CAP [8, 14]. As these guidelines are more
than 4 years old, it is necessary to evaluate current published
evidence examining systemic corticosteroids for the treatment
of severe CAP. The objectives of this review were to summa-
rize recent evidence addressing the role of systemic cortico-
steroids for adults with severe CAP and to describe their
impact on patient-important outcomes.

Methods

The two authors independently performed a literature search
to identify published English language studies evaluating
systemic corticosteroid use in adults with severe CAP.
PubMed, MEDLINE, EMBASE, International Pharmaceuti-
cal Abstracts, and Cumulative Index to Nursing and Allied
Health Literature were searched from inception to November
2013 using the following terms: pneumonia, community-
acquired infections, glucocorticoids, corticosteroid, cortisone,
dexamethasone, hydrocortisone, methylprednisolone, pred-
nisolone, and prednisone. Citations in retrieved articles were
manually reviewed to identify relevant articles not captured in
the database search.

Published double-blind (DB), placebo-controlled (PC),
randomized controlled trials (RCTs) describing systemic cor-
ticosteroid use in severe CAP were included. Articles
assessing systemic corticosteroid use in pediatric patients,
fungal pneumonia, or viral pneumonia were excluded. Trials
describing CAP of all severity levels without a severe CAP
subgroup analysis were also excluded.

Results

Seven studies were initially identified and four met the inclu-
sion criteria (Table 1) [15¢e, 16, 17¢¢, 18+, 19-21]. Of the
three studies excluded, one described Prneumocystis jiroveci
(P carinii) pneumonia [19], one described viral pneumonia in
a pediatric population [20], and one described mild to severe
CAP without a severe CAP subgroup analysis [21].
Fernandez-Serrano and colleagues conducted a single-
center trial assessing methylprednisolone in 56 patients hos-
pitalized with severe CAP [15¢+¢]. CAP was defined as any two
of: fever, purulent expectoration, pleuritic chest pain, or leu-
kocytosis. Inclusion criteria consisted of lung radiographic
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opacity affecting at least two lobes and respiratory failure
(Pa0,/Fi0,<300). Notable exclusion criteria were steroid
treatment or mechanical ventilation prior to study inclusion.

Methylprednisolone was administered as a 200-mg intra-
venous bolus 30 min before antibiotic administration, follow-
ed by a tapering regimen over 9 days. Co-therapy consisted of
omeprazole, insulin as needed, and intravenous ceftriaxone
for 9 days in addition to intravenous levofloxacin for 5 days,
and oral levofloxacin for at least 20 days.

Baseline characteristics were similar between groups with
the exception of a significantly higher white blood cell count
in the methylprednisolone group (13.5 vs. 10.2x 10°>/mm?, p=
0.01). Four patients in the methylprednisolone group and two
in the placebo group had chronic obstructive pulmonary dis-
ease (COPD, not significantly different). Adrenal insufficien-
cy and asthma were not specifically excluded or described at
baseline. There were no differences between groups in the
primary endpoint of patients requiring conventional me-
chanical ventilation or noninvasive positive pressure during
the 9 days of corticosteroid administration (4.3 % vs.
22.7 %, not significantly different). There also were no
differences seen in mortality, hospital length of stay
(LOS), and ICU LOS. Steroid-related complications in-
cluded one gastrointestinal bleed in the methylprednisolone
group and zero in the placebo group (4.3 % vs. 0 %, p
value not reported) and one patient on methylprednisolone
required insulin compared to none of the patients in the
placebo group (4.3 % vs. 0 %, p value not reported).

Details surrounding randomization, including sequence
generation, allocation concealment, and implementation, were
lacking. Blinding was not described except to say that the
physical appearance of the placebo was similar to that of
methylprednisolone. Therefore, selection, performance, and
detection bias cannot be ruled out with respect to confounding
the results. Attrition bias may also have been present as 56
patients were randomized but only 45 were assessed for
outcomes.

Sabry and El-Din Omar conducted a multicenter trial com-
paring 7 days of hydrocortisone intravenous infusion to pla-
cebo in 80 patients admitted to the ICU with severe CAP
[16°¢]. Co-therapy consisted of empiric antibiotics. Comor-
bidities, hydrocortisone timing, and antibiotic administration
timing in the CAP disease course were not described. Inclu-
sion required two minor or one major criterion for severe
pneumonia as per the 2007 American Thoracic Society
(ATS) criteria. Relevant exclusion criteria included immuno-
suppression, concomitant infections, malignancy, and major
gastrointestinal bleed within 3 months of hospitalization. The
numbers of patients on mechanical ventilation at baseline
were not significantly different between the groups (hydro-
cortisone 65 % vs. placebo 85 %, p=0.144). Patients with
alternate indications for steroid therapy, such as COPD, were
not excluded.
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Primary outcomes included PaO,:FiO,>300 or >100 in-
crease from study entry, mean sequential organ failure assess-
ment (SOFA) score, and delayed septic shock assessed on day
8. All primary outcomes showed a statistically significant ben-
efit in favor of hydrocortisone (Table 1). The need for mechan-
ical ventilation on day 8 was also lower in the hydrocortisone
group (25 % vs. 65 %, p=0.011). However, survival on day 8
was not significantly different (95 % vs. 85 %, p=0.633). Equal
numbers of upper gastrointestinal bleeds occurred in the two
groups. The authors stated that the risks of superinfection,
bleeding, and neuromuscular weakness were not increased in
the treatment group, but hypernatremia and hyperglycemia
were more common in the hydrocortisone group. However,
outcome definitions, prevalence, and statistics were not sup-
plied. Selection bias could not be excluded because randomi-
zation information was not provided. Other than describing the
placebo as an equal volume of intravenous normal saline solu-
tion to the volume of hydrocortisone infused, other blinding
characteristics were not provided making performance and
detection bias impossible to rule out. Attrition bias was low
because all 80 patients recruited were analyzed for primary
outcomes.

Snijders and colleagues performed a single center trial in
213 hospitalized patients with CAP of any severity and eval-
uated prednisolone 40 mg daily versus placebo for seven days
in addition to antimicrobial therapy [17¢¢]. Although patients
with severe CAP were not specifically assessed, planned sub-
group analysis of patients with severe CAP was conducted in
those with PSI1TV to Vor CURB-65 scores 3 to 5. Prednisolone
was initially provided intravenously and changed to oral ad-
ministration when antibiotics were stepped down to oral ad-
ministration. The timing of prednisolone and antimicrobial
initiation in the CAP disease course was not described. Eligi-
bility included clinical symptoms suggestive of CAP, new
consolidations on chest radiographs, and being more than
18 years of age. Clinical symptoms suggestive of CAP were
cough, fever, pleuritic chest pain, and dyspnea. Exclusion
criteria included conditions requiring corticosteroids, immuno-
suppression, malignancy, and the use of macrolides or steroids
for more than 24 h. The top three combining to account for
99% of the antibiotics used, based on Netherlands’ national
guidelines were amoxicillin, moxifloxacin, and amoxicillin/
clavulanic acid. COPD (18.4 % vs. 22.0 %) and asthma
(7.9 % vs. 9.5 %) appeared balanced at enrolment between
the prednisolone and placebo groups, respectively. Adrenal
insufficiency was not assessed.

The primary outcome was clinical cure, defined as resolu-
tion or improvement in symptoms and signs related to pneu-
monia without the need for additional or alternative therapy on
day 7. There were no differences in clinical cure rates on day 7
in the subgroup of patients with severe CAP, which was
consistent with the analysis of patients with all severities of
CAP. In this subgroup, 30-day mortality was also not
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significantly different between groups. There were no differ-
ences between groups in the incidence of hyperglycemia re-
quiring additional therapy or of superinfection, but small num-
bers were reported and outcome definitions were not provided.
Selection bias was minimized by using a computer-generated
random allocation sequence and one-on-one allocation using
prenumbered containers containing seven vials and seven cap-
sules. Details surrounding randomization restriction were not
specified. Performance and detection bias could not be
assessed, as intervention similarity and blinding details were
not provided. Attrition bias was unlikely as the 213 participants
randomized were included in the intention-to-treat analysis.

Confalonieri and colleagues performed a multicenter trial
in 48 patients with severe CAP admitted to the ICU or Respi-
ratory Intermediate Unit (RIU) [18e¢]. Patients with clinical
and radiographic evidence of pneumonia were included if they
met the 1993 ATS criteria for severe pneumonia. Notable
exclusion criteria included severe immunosuppression and
conditions requiring more than 0.5 mg/kg/day of prednisone
equivalent. Prespecified exit criteria included active gastroin-
testinal bleeding requiring transfusion, recovery of Candida
spp. from multiple sites, or development of a condition requir-
ing prolonged glucocorticoid administration. Hydrocortisone
was administered using an intravenous infusion and compared
to placebo of normal saline for 7 days. Steroid and antimicro-
bial timing in the CAP disease course were not specified.
Protocol-guided antibiotics were administered based on
1993 ATS adult CAP guidelines and consisted of macrolides,
third or fourth generation cephalosporins, fluoroquinolones,
antipseudomonal penicillins, aminoglycosides, and
glycopeptides.

At baseline, mechanically ventilated patients in the hydro-
cortisone group appeared to have less severe respiratory fail-
ure, as more had noninvasive positive pressure ventilation
than in the placebo group (53 % vs. 16 %, p=0.03). Two
patients in the hydrocortisone group and one in the placebo
group had COPD. Adrenal insufficiency and asthma were not
assessed at baseline or specifically excluded. Patients in the
hydrocortisone group experienced significant improvement in
the three primary outcomes of PaO,: FiO, ratio >300 or
increase in PaO,:FiO, ratio >100, multiple organ dysfunction
syndrome score, and delayed septic shock by study day 8
(Table 1). This group also showed significantly reduced 60-
day mortality (0 % vs. 38 %, p=0.001), hospital mortality
(0 % vs. 30 %, p=0.009), mechanical ventilation duration
(4 days vs. 10 days, p=0.007), and hospital LOS (13 days
vs. 21 days, p=0.03).

Although not defined, the incidence of upper gastrointesti-
nal bleeds was not different between groups. No difference in
nosocomial infections were observed, but this analysis was
likely under-powered.

Selection bias was minimized as randomization schemes
were generated in blocks of ten for each participating site by a
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central randomization center and allocation concealment was
achieved by providing randomization assignment to the
recruiting center in sealed envelopes. Patients and investiga-
tors were blinded to treatment assignment, and equal volumes
of normal saline and study drug were administered to reduce
performance and detection bias. All randomized patients were
accounted for, with the exception of two who met prespecified
exit criteria, reducing attrition bias.

Discussion

Conflicting results were found in the four DB PC RCTs
analyzing the use of systemic corticosteroids in the treatment
of severe CAP. Significant clinical heterogeneity existed
across studies with respect to pneumonia severity, mortality
assessment timing, included comorbidities, corticosteroid and
antibiotic choice, dosing and timing in the CAP disease
course, and bias risks.

The spectrum of CAP severity across trials ranged from
excluding mechanically ventilated patients [15¢¢] to specifi-
cally assessing critical care patients [16°, 18+¢]. One of the
two trials with critical care patients was the only trial showing
a significant mortality difference favoring corticosteroids
[18e]. This may have been the result of a CAP severity
imbalance within the trial, as mechanically ventilated patients
in the hydrocortisone group appeared to have less severe
respiratory failure. Interestingly, the larger of the two ICU
trials did not confirm these results [16¢¢]. The timing of
mortality assessment may also explain the variable results.
For example, there was no difference in mortality assessed on
day 8 in one study, but another study showed significant
differences in hospital mortality and day-60 mortality between
groups [16ee, 18e¢]. As corticosteroids are hypothesized to
prevent rebound inflammation complications, it may take
longer than 8 days to see the impact of corticosteroids on
mortality, if an impact truly exists.

None of the trials excluded patients with COPD, asthma, or
adrenal insufficiency and the patients’ baseline cortisol con-
centrations were not determined for the assessment of the
presence of adrenal insufficiency. As a result, the response
may have reflected improvements in these concomitant dis-
eases known to respond to corticosteroids rather than an
improvement in CAP. Ideally these potentially confounding
conditions would be excluded in future trials.

Corticosteroid administration timing in the CAP disease
course and the corticosteroid timing in relation to adjunctive
antibiotics differed among the four trials, which may be im-
portant. Administration of a corticosteroid prior to antibiotics
may attenuate the heightened inflammatory response that is
seen after antibiotic initiation. This concept has been shown to
be clinically relevant in meningitis [22]. Fernandez-Serrano
and colleagues administered corticosteroids at the time of

CAP diagnosis and 30 min before antibiotic administration
[15¢¢] and in the other three trials the timing of corticosteroid
administration was not specified [16ee, 17+, 18¢]. Not speci-
fying corticosteroid timing with respect to CAP disease course
and antimicrobial administration limits trial reproducibility and
may affect CAP treatment response.

Timely use of antimicrobial therapy is also crucial to ensure
optimal outcomes in severe CAP [6]. Details regarding anti-
biotic administration with respect to CAP onset were not
specified in the included trials and is a significant limitation
[15ee, 16%¢, 17¢, 18¢°]. The choice of antimicrobial therapy
also differed between trials. A combination of ceftriaxone and
levofloxacin for at least 20 days was recommended in one trial
[15¢¢]. This antibiotic combination and duration are not rec-
ommended for the empiric treatment of CAP in North Amer-
ican guidelines [8]. Another trial conducted in the Netherlands
used amoxicillin or amoxicillin/clavulanic acid monotherapy
[17e], also differing from North American empiric CAP
treatment recommendations, limiting generalizability to North
American patients [8].

Although our review included studies of high methodolog-
ical quality, some of the included studies did not provide
enough information about randomization, blinding, and par-
ticipant flow to rule out selection, performance, detection, and
attrition bias. Randomization details were inadequate to rule
out selection bias in two trials [15¢¢, 16¢]. Performance and
detection bias could not be assessed, as there was insufficient
blinding information in three trials [15¢, 162, 17¢°]. Attrition
bias could not be ruled out in one trial because several patients
were excluded from analysis for protocol violation [15¢e].

It should be noted that five meta-analyses have been
published assessing the role of corticosteroids in adult
patients with bacterial CAP [23e, 24-27]. The most
recent meta-analysis assessed high-quality trials in pa-
tients with severe CAP [23¢]. The primary outcome of
mortality was found to be significantly lower in the
corticosteroid group (Peto odds ratio 0.39, 95 % confi-
dence interval 0.17-0.90). There was moderate hetero-
geneity among the four RCTs with respect to mortality
results (p=0.14, I’=46 %). Based on the results of a
sensitivity analysis, the mortality pooled estimate was
downgraded for inconsistency and imprecision. The re-
sults of these meta-analyses should be interpreted with
caution due to the clinical heterogeneity of the individ-
ual trials.

A trial to watch for is the Extended Steroid in CAP(e)
(ESCAPe) trial (NCT01283009). It is estimated that this study
will be completed in 2017-2018, and will dramatically con-
tribute to the literature on severe CAP, as the estimated enrol-
ment is 1,450 subjects. It is a DB PC RCT in critically ill
patients with severe CAP assessing 20 days of methylpred-
nisolone versus placebo with the primary outcome of 60-day
all-cause mortality.
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Conclusions

Due to the clinical heterogeneity of available studies and
unknowns with respect to efficacy and safety, the use of
adjunctive corticosteroids in severe CAP cannot be recom-
mended at this time. Large multicenter DB PC RCTs in
patients with severe pneumonia assessing clinical efficacy
and safety outcomes are needed to clarify the role of cortico-
steroids in CAP. Ideally patients with confounding concomi-
tant conditions, including asthma, COPD, and adrenal insuf-
ficiency, would be excluded. Sufficient details about random-
ization, blinding, and participant flow should also be provided
so that bias can be ruled out. Finally, extending the study
assessment period for clinically relevant mortality and mor-
bidity primary outcomes from days to months, when the
impact of corticosteroids on the second wave of inflammation
in severe CAP is thought to occur, is also needed.
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