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Corticosteroids in severe pneumonia
O. Sibila*,#,+, C. Agustı́",+ and A. Torres",+

ABSTRACT: The mortality rate in severe community- or hospital-acquired pneumonia is very high,

ranging 20–50%. Despite advances in antimicrobial therapy and supportive measures, this rate

has not changed in recent years, suggesting that other factors are also responsible for the poor

outcome. An abnormal increase in the local and systemic inflammatory response is associated

with poor outcome, and this occurs despite adequate antibiotic therapy.

There is evidence that acute administration of corticosteroids decreases the inflammatory

response and might decrease mortality in severe pneumonia. This has been shown in one small

randomised controlled study, terminated prematurely due to 0% mortality in the intervention arm. In

addition, an experimental study showed that glucocorticosteroids decrease lung inflammatory

response and lung bacterial burden, confirming the results obtained through in vitro investigations.

Although these results are promising and suggest a novel role of glucocorticosteroids in

pneumonia, the inherent risks and potential side-effects of these drugs require further controlled

clinical trials in order to better define the target population before their general use in clinical

practice. Specifically, dosage, period of administration, titration, tapering and side-effects are

some of the key questions that need to be investigated.

KEYWORDS: Community-acquired pneumonia, corticosteroids, inflammatory response, nosoco-

mial pneumonia, severe pneumonia

P
neumonia is the most prevalent infectious
respiratory disease. It entails high mor-
bidity and mortality and large healthcare

system expenses. Community-acquired pneumo-
nia (CAP) is one of the 10 leading causes of death
worldwide. Approximately 20% of CAP patients
require hospitalisation, 25% of whom are
admitted to an intensive care unit (ICU) and
have a mortality rate of 30–50% [1].

Despite progress in life-support measures and anti-
microbial therapy, the mortality of severe pneumo-
nia has not varied since the mid-1990s [2, 3],
suggesting that other factors are of crucial impor-
tance in the evolution of this respiratory infection.

One of the key factors determining the progres-
sion of pneumonia is the host inflammatory
response, which seems to be increased exces-
sively in nonresponding severe pneumonia [4, 5].
The purpose of the present article is to review the
evidence in the literature supporting a beneficial
role of glucocorticosteroids (GCs) as an adjuvant
treatment in severe pneumonia.

INFLAMMATORY RESPONSE ASSOCIATED
WITH PNEUMONIA
It is well known that the arrival of pathogens in the
alveolar space creates a complex inflammatory

response, with the interaction of several defence
mechanisms and the production of a number of
inflammatory mediators and acute phase proteins.
The aim of this inflammatory response is to
control the progression of the infection and to
destroy microorganisms, and consists of several
pro-inflammatory (tumour necrosis factor (TNF)-a
and interleukin (IL)-1b, -6 and -8) and anti-
inflammatory cytokines (IL-10, IL-1 receptor
antagonist and the soluble 55-kDa and 75-kDa
TNF receptors). Cytokines promote the migration
of defence cells, such as neutrophils, lymphocytes
and platelets, through the circulatory system to
inflammatory sites [6].

All of this process is beneficial as long as it is
limited to the control of local infection. If this
reaction is overproportioned, several systemic
consequences negatively influence the clinical
progression of the infection [7].

This excessive inflammatory response is asso-
ciated with the release of inflammatory mediators
that can be detected in serum or bronchoalveolar
lavage fluid (BALF) and have been shown to be
of diagnostic and prognostic value.

The association between the overproduction of
pro-inflammatory cytokines, such as TNF-a or
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IL-6, in serum and fatality in septic shock patients has
confirmed that cytokines are markers of severity and probably
major mediators involved in the pathogenesis of septic shock
[8]. Studies concerning severe pneumonia have shown that,
despite the inflammatory response initially being compart-
mentalised [9], an increase in inflammatory cytokine levels in
serum is also detected and related to poor prognosis [10–13].

In addition, a recent study by YENDE et al. [14] has demon-
strated that patients with high levels of circulating inflamma-
tory cytokines in clinical stability (prior to infection) have a
higher risk of suffering from CAP, suggesting a crucial role of
the inflammatory response in all aspects of the pathogenicity of
this infection.

GLUCOCORTICOSTEROIDS AND THE INFLAMMATORY
RESPONSE: MOLECULAR MECHANISMS
GCs inhibit the expression and action of many cytokines
involved in the inflammatory response associated with
pneumonia. GCs are mainly transported in the blood com-
plexed to transcortin (or corticosteroid-binding globulin) and
albumin, although a small proportion is in a free metabolically
activate state. The free GC molecules readily cross the plasma
membrane into the cytoplasm. Once in the cytoplasm, GCs
bind to their specific receptor, the GC receptor (GR)a. GRa
exists as a heterocomplex located in the cytoplasm of nearly all
human cells [15]. The anti-inflammatory and immunosuppres-
sive effects of GCs are due to three molecular mechanisms [15,
16]. First, the ligand-activated GRa binds as a homodimer to
specific DNA sequences, so-called GR-responsive elements,
usually located in the promoter regions of target genes, in
order to induce transcription, a phenomenon called transacti-
vation. Secondly, indirect negative regulation of gene expres-
sion (transrepression) is achieved by GR–protein interaction.
The ligand-activated receptor binds as a monomer to key pro-
inflammatory transcription factors, such as activator protein-1
and nuclear factor-kB. The resulting complex inhibits the
initiation of transcription of relevant genes. This mechanism
has been shown to be involved in the inhibition of different gene
products that play a central role in inflammation (table 1). The
third mechanism is GC signalling through membrane-associated
receptors and second messengers (so-called nongenomic path-
ways). The best-described nongenomic mechanism involves the
activation of endothelial nitric oxide synthetase (eNOS).
Nontranscriptional activation of eNOS by GR represents a
physiologically important signalling pathway by which GCs
exert their rapid anti-inflammatory effects. Binding of GCs to the
GR stimulates phosphatidylinositol-3’-kinase and Akt kinase,
leading to eNOS activation and nitric oxide-dependent vasor-
elaxation [17].

ROLE OF GLUCOCORTICOSTEROIDS IN SEVERE
PNEUMONIA
Based on the critical role of the inflammatory response in the
progression of infections and the anti-inflammatory potential
of GCs, it is not surprising that these drugs have been tested in
clinical practice. To date, the results have been controversial,
and clear indications for their use are currently sparse. The
usefulness of GCs seems to have been demonstrated in
infections such as bacterial meningitis and pneumonia caused
by Pneumocystis jiroveci [18]. In the field of sepsis, the crucial

role of the associated inflammatory response to infection has
been well demonstrated. In this critical infection, current
recommendations support the use of hydrocortisone at a
physiological dose (i.e. 200–300 mg hydrocortisone?day-1).
These recommendations were based on the encouraging
results of four small trials and subsequently one larger trial
[19–23]. All five trials reported fewer deaths in patients who
received GCs. A meta-analysis of these trials suggested that the
use of corticosteroids reduced mortality [24]. As the balance of
evidence regarding GC treatment for septic shock shifted
towards the positive, a very important investigation, published
in 2008, brought more shadows than light. This study
represents the largest multicentric randomised placebo-
controlled trial conducted on this topic to date, involving 499
patients with septic shock. The main result of this study was
that hydrocortisone at a physiological dose does not decrease
mortality in a general population of patients with septic shock,
even though the drug hastens reversal of shock [25]. All in all,
substantial uncertainty regarding the role of GCs in septic
shock persists, and some authorities in the field have
encouraged the launch of new trials with much higher
numbers of patients in order to avoid generating further
uncertainty [26].

The use of GCs as an adjunctive therapy in severe pneumonia
has not been evaluated so extensively as in septic shock. A
pilot study by MONTÓN et al. [27], in patients with severe
pneumonia requiring mechanical ventilation, detected a
possible immunosuppressive effect of GCs in pneumonia. In
this study, a decrease in levels of pro-inflammatory cytokines,
such as IL-6 and TNF-a, was observed in both serum and
BALF from patients who had received GCs as a coadjuvant
treatment (in most cases, as a bronchodilatory treatment

TABLE 1 Effect of glucocorticosteroids on gene
transcription

Increased gene transcription (transactivation)

Lipocortin 1

b2-receptors

Secretory leukoprotease inhibitor

Clara cell proteins (CC10 and phospholipase A2 inhibitor)

IL-1 receptor antagonist

Inhibitor of nuclear factor-kB

IL-10

Decreased gene transcription (transrepression)

Cytokines (IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-8, IL-11, IL-13,

TNF-a, and G-CSF and GM-CSF)

Chemokines (RANTES, eotoxin, MIP-1a, and monocyte

chemotactic protein-1 and -3)

Enzymes (inducible nitric oxide synthetase, cyclooxygenase 2,

cytoplasmic phospholipase A2)

Adhesion molecules (intercellular adhesion molecule-1 and

vascular cell adhesion molecule-1)

Receptors (IL-2 receptor and tachykinin 1 (neurokinin-1))

CC10: Clara cell 10-kDa protein; IL: interleukin; TNF-a: tumour necrosis

factor-a; G-CSF: granulocyte colony-stimulating factor; GM-CSF: granulocyte-

macrophage colony-stimulating factor; RANTES: regulated on activation,

normal T-cell expressed and secreted; MIP: macrophage inflammatory protein.
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associated with antibiotic treatment). Furthermore, in the
group of patients receiving GC treatment, a trend towards
lower mortality was also observed, although the population of
the study comprised only 20 patients.

The relationship between the intensity of the inflammatory
response in severe pneumonia, GC dosage and prognosis was
subsequently studied by AGUSTÍ et al. [28]. In this study, the
inflammatory response in BALF and serum from patients with
severe pneumonia who had received GC treatment for long
periods (.30 days) was assessed. Results were compared to
those from a group of patients with severe pneumonia without
GC treatment and with those from a third group of patients
with pneumonia who had received GC treatment for a short
period of time (9¡7 days, in most cases as a bronchodilatory
treatment). These authors observed that the local inflammatory
response (in BALF) and systemic inflammatory response (in
serum), measured by such relevant cytokines as IL-6 or TNF-a,
was markedly diminished in patients who had received GCs
for longer periods of time compared to those who had not
received such treatment. Furthermore, short-term administra-
tion of GCs had an intermediate effect in the suppression of the
inflammatory response.

The mortality of the group of patients with severe pneumonia
who had received long-term GC treatment was similar to that
of patients who had not received GC treatment. Interestingly,
the patients who had received GC treatment for short periods
of time and had shown an attenuated inflammatory response
exhibited a tendency towards lower mortality [28].

These results suggest that deep attenuation of the inflamma-
tory response by prolonged corticosteroid treatment can be as
harmful as an exaggerated inflammatory response, but its
moderated attenuation by a short corticosteroid treatment can
be beneficial for the modulation of the inflammatory response
and for the prognosis of the disease. Studies performed by KEH

et al. [29] seem to confirm the beneficial effects of low-dose GC
treatment. Those authors demonstrated that low dosages of
hydrocortisone achieved rapid haemodynamic stabilisation in
patients with septic shock. The study verified that hydro-
cortisone attenuates the inflammatory and anti-inflammatory
response, but does not have a negative effect on the phagocytic
function of macrophages and monocytes.

In another work by IOANAS et al. [5], in a series of patients with
ICU-acquired pneumonia requiring mechanical ventilation, the
authors found that high levels of IL-6 and IL-8 at the time of
diagnosis and IL-6 levels on day 3 were the only factors related
to the lack of response to empirical antibiotic treatment,
suggesting, again, that modulation of the potential inflamma-
tory response could also be beneficial in this subgroup of
patients. Furthermore, on multivariate analysis of the several
factors that could be related to the lack of response to
treatment, the authors found that the concomitant administra-
tion of GCs was a protective factor (odds ratio (OR) 0.21).

MEDURI et al. [30] investigated prolonged methylprednisolone
infusion (1 mg?kg body weight-1?day-1) in a randomised trial in
91 patients with early acute respiratory distress syndrome
(ARDS), 43% caused by severe CAP. Methylprednisolone-
treated patients with severe CAP showed a higher rate of
extubation (61 versus 14%; p50.07) and lower C-reactive

protein levels (2.5¡1.8 versus 12.1¡8.1 mg?dL-1; p50.06) by
day 7. Treatment was associated with a nonsignificant
reduction in the median duration of mechanical ventilation
(5 versus 10 days; p50.13) and hospital mortality (16.5 versus
42.5%; p50.3) [30].

Another randomised study by ANNANE et al. [21] in patients
with septic shock showed that 28-day mortality among
patients with severe CAP was 45 and 65% for patients
randomised to low-dose hydrocortisone (n547) and placebo
(n554), respectively (OR 0.44; 95% confidence interval (CI)
0.20–0.98; p50.044).

Finally, a recent retrospective study in 308 patients with severe
CAP (defined as classes IV and V of the prognostic severity
index score) showed that mortality was decreased in those
patients who had received simultaneous administration of
systemic corticosteroids along with antibiotic treatment (OR
0.28; 95% CI 0.113–0.732) [31].

The only randomised controlled study in humans regarding
the role of GCs in severe pneumonia was published in 2005 by
CONFALONIERI et al. [32]. These authors assessed the efficiency
and safety of the administration of a continuous infusion of
hydrocortisone in a double-blind randomised placebo-
controlled trial including 46 patients with severe CAP
requiring ICU admission. Of these patients, 23 received an
intravenous bolus of hydrocortisone at a dose of 200 mg
followed by a perfusion of 10 mg?h-1 for 7 days. These authors
demonstrated a mortality reduction in the group treated with
hydrocortisone (0 versus 30%; p50.009), a better modulation of
the systemic inflammatory response (determined by serum C-
reactive protein level) and a significant improvement in the
main clinical end-points, such as chest radiographic results,
multiple organ dysfunction score (severity scale), arterial
oxygen tension (Pa,O2)/inspiratory oxygen fraction (FI,O2) ratio,
and duration of ICU and hospital stay.

Although the intimal mechanisms by which the inflammatory
response modulated by GCs can interfere with pulmonary
infection are not well elucidated, in vitro studies and experi-
mental work in animals have provided some clues regarding this
issue. The present authors’ group has developed an experimental
model of Pseudomonas aeruginosa pneumonia in ventilated pigs
[10], in which the effect of GCs has been studied by comparing
three groups of animals with severe pneumonia (those without
treatment, those with antibiotic treatment and those with
antibiotic treatment plus GCs). In this model, pigs treated with
antibiotics plus GCs experienced, after 96 h of pneumonia onset,
a decrease in the local inflammatory response compared to the
other groups. Furthermore, animals treated with antibiotics plus
GCs presented lower bacterial counts in both BALF and
pulmonary tissue obtained at the end of the study, a finding
that was related to a tendency to suffer from less-severe lesions,
as revealed by a histopathological study [33]. In this sense,
MEDURI et al. [34] have demonstrated, in an in vitro study, that
certain bacterial strains possess receptors for the cytokines IL-1b
and TNF-a, and that the exposure of bacteria to these cytokines
enhances their growth and virulence. It has been proposed that
GCs might restore the impaired capacity of phagocytic cells
produced by excessive inflammation. Exposing human mono-
cytic (U937) cells to progressively higher concentrations of
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lipopolysaccharide (LPS) enhanced the intracellular survival and
replication of various species of bacteria. More importantly,
when exposed to graded concentrations of methylprednisolone,
U937 cells previously stimulated with LPS were able to suppress
bacterial replication efficiently in a concentration-dependent
manner. Finally, TNF-a, IL-1b and IL-6 mRNA levels in LPS-
activated cells were reduced by treatment of such cells with
methylprednisolone [34].

LESSONS TO BE LEARNED FROM SEPSIS AND ACUTE
RESPIRATORY DISTRESS SYNDROME
Although the previously mentioned findings seem to point
towards a beneficial effect of GC treatment in severe
pneumonia, definitive confirmation of these potential benefits
is required. In this sense, many lessons can be learned from
studies performed in patients with septic shock and ARDS.

The first studies conducted in patients with sepsis and
pneumonia suggested a rapid improvement of symptoms in
patients receiving GCs, although effects on mortality were not
evidenced, and some cases were associated with a higher number
of side-effects and with poorer prognosis once the steroid
treatment was suspended [20]. Indeed, the potential for harmful
side-effects due to GC treatment in these patients and the
rebound effects that their tapering can cause in the evolution of
the inflammatory process are the subject of intense debate [35].
The prolonged use of GCs can alter the phagocytic action of
macrophages and alveolar granulocytes, which can facilitate the
acquisition of severe bacterial and opportunistic infections [36].
Several studies involving patients with sepsis and ARDS have
suggested that high-dose GCs increase the risk of secondary
infections [37–39]; however, a meta-analysis of moderate-dose
GCs for sepsis did not substantiate this observation [40]. The ran-
domised controlled trial promoted by the National Heart, Lung,
and Blood Institute (Bethesda, MD, USA), which included 188
patients with ARDS, did not detect an increased rate of noso-
comial infection in the methylprednisolone group [41]. Indeed, in
this study, there were more cases of nosocomial pneumonia,
septic shock and positive blood culture in the placebo group. The
ARDS Network protocol did not incorporate infection surveil-
lance, making it impossible to estimate the impact of undiag-
nosed infections on outcome. Failed or delayed recognition of
nosocomial infections in the presence of a blunted febrile
response represents a serious threat and may be more common
than initially suspected. In the two randomised trials that
incorporated infection surveillance [30, 42], nosocomial infections
were frequently (56%) identified in the absence of fever.

Another important aspect to bear in mind is the duration of
suppression of the GC treatment. There is ample evidence that
rapid tapering of GC treatment can induce a haemodynamic
and immunological rebound effect if pro-inflammatory cyto-
kine levels increase again and their receptors continue being
suppressed [43]. Studies conducted in patients with septic
shock have demonstrated that hydrocortisone infusion pro-
duces a significant decrease in the circulating levels of proteins
dependent upon the transcription factor nuclear factor-kB,
such as phospholipase A2, IL-6 and -8, and soluble E-selectin
[29]. The suppression of the treatment provokes a rebound
effect in most of these mediators, which highlights the short-
acting anti-inflammatory action of hydrocortisone and the
need to provide prolonged treatment in order to achieve a

durable anti-inflammatory effect [29, 44]. As acknowledged by
the authors of the ARDS Network trial, rapid tapering and
removal of methylprednisolone probably contributed to the
deterioration in Pa,O2/FI,O2 ratio and higher rate of intubation
in the treatment arm [41].

Another concerning issue is the influence of GCs on muscle
function. Certainly, the effects of moderate-dose GCs in
crtically ill patients are now well understood. Recent studies
of patients receiving assisted ventilation have found a strong
association between corticosteroid treatment and muscle
weakness [45, 46]. In the ARDS Network trial, the overall rate
of clinically suspected neuromyopathy was similar in the two
groups evaluated; however, all nine reports of serious adverse
events related to neuropathy or myopathy were in patients
treated with methylprednisolone [41].

SUMMARY
In summary, there is evidence of efficacy of GCs in severe
infections including severe pneumonia. Prolonged GC treat-
ment in sepsis and ARDS is uniformly associated with
significant improvement in various physiological and clinical
parameters, such as improvement in Pa,O2/FI,O2 ratio, hastened
reversal of shock and significant reduction in levels of markers
of systemic inflammation and duration of mechanical ventila-
tion and ICU stay [47].

In severe pneumonia, scientific evidence is still scarce. Current
information suggests that treatment with low dosages of GC is
able to modulate (or diminish) the inflammatory response
associated with pneumonia and improve prognosis in this
disease, mainly in cases in which an increased host inflamma-
tory response has been demonstrated.

Although the only randomised controlled trial of glucocorticos-
teroids in severe pneumonia showed an improvement in
mortality, lessons learned from sepsis and acute respiratory
distress syndrome impose the exercise of considerable caution.
Reliable treatment recommendations will be possible only if a
much larger trial is conducted and many different key points are
considered. It is of the utmost importance that studies are
designed not only to give a better understanding of the effect of
glucocorticosteroids in severe pneumonia but also to determine
the type of glucocorticosteroid (hydrocortisone or methylpred-
nisolone), the dosage to be administered and the duration and
tapering of the treatment. A series of preventative measures
must be implemented in the design of new trials in order to
avoid severe harmful secondary effects, including: 1) intensive
infection surveillance, 2) avoidance of paralytic agents, 3)
avoidance of rebound inflammation with premature disconti-
nuation of treatment, and 4) strict control of hyperglycaemia.
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