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Abstract

The aim is to provide a narrative review of the role of corticosteroids, with and without inhaled beta agonist, in community-
acquired pneumonia. Community and health-care associated pneumonia remain leading causes of morbidity and mortality
despite appropriate antibiotic therapy. The pneumonia-associated adverse outcomes are not only related to the infectious organ-
ism, but also to a dysfunctional host-immune response resulting in overwhelming inflammation. Use of systemic corticoste-
roids as adjuvant therapy in pneumonia remains controversial. Multiple randomized clinical trials evaluating corticosteroids in
patients with community acquired pneumonia have found discrepant results in terms of benefits and adverse effects. Inhaled
delivery of corticosteroids offer the potential advantage of providing therapeutic benefits directly to the lung, with minimal to no
adverse systemic effects. Conclusion. Although meta-analyses suggest potential benefits in a select group of patients with more
severe pneumonia, the ideal timing, dose, route of delivery, duration, and patient selection remain to be established. A smaller
body of literature suggests benefit of inhaled corticosteroids, with or without inhaled beta agonists, but future large scale clinical

trials are needed to establish clinical benefit with inhaled delivery.
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Introduction

Community-acquired pneumonia (CAP) is the
leading infectious cause of hospitalization and
death in the United States costing more than 10
billion dollars in 2015 (1, 2). CAP and hospital
associated pneumonia cause roughly 50% of
the cases of acute respiratory distress syndrome
(ARDS) resulting in a high mortality rate in
patients requiring admission to the intensive
care unit (ICU) (3-5). The mortality rate from
pneumonia has not decreased substantially since
initial improvement with widespread adoption of
antibiotic therapy as standard of care in the late
1900s (6). The high mortality rate of pneumonia
may be due to the broad range of infectious
etiologies and clinically unidentified pathogens
(7). This high mortality may also involve host-

specific factors including comorbidities and either
an inadequate or overzealous host response (8).
Once a pathogen enters the host causing pneu-
monia, there is subsequent release of inflamma-
tory cytokines that activate the vascular endothe-
lium and recruit neutrophils to help contain the
local infection (8). This host response also disrupts
the normally preserved barrier between the alveo-
lar (external environment) and vascular (internal
systemic environment) compartments (9, 10).
This barrier loss causes alveoli to flood with pro-
tein-rich edema fluid, leading to the loss of lung
compliance, hypoxemia, acute lung injury, and
ultimately acute respiratory failure (11). In addi-
tion, activation of vascular endothelium can pro-
mote a marked systemic inflammatory response
syndrome (SIRS) leading to shock and multior-
gan dysfunction, while increased vascular perme-
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ability can promote dissemination of bacteremia.
There has been ample research into adjuvant oral,
intravenous, and inhaled anti-inflammatory and/
or immunomodulating therapies to combat this
dysfunctional host response in an effort to improve
mortality in patients with pneumonia. Despite the
current state of evidence, it remains unclear which
patient subgroups are most likely to benefit from
adjuvant therapies.

This review will summarize the data on corti-
costeroids, systemic and inhaled (with and without
inhaled beta-agonists) to show their potential roles.

Methods

For the literature search, we used PubMed MESH
search headings “steroids” and “pneumonia” and in-
cluded studies that have been published in the Eng-
lish language since 1990. We sequentially reviewed:
Preclinical studies, human randomized controlled
trials and meta-analyses of clinical trial data. We
separately reported results of the studies using sys-
temic versus inhaled steroids (with or without beta
agonists), and included observational studies on
role of systemic steroids in viral pneumonia.

Results

Preclinical Studies Suggesting Benefits of
Corticosteroid Use in Pneumonia

Multiple preclinical studies have shown beneficial
effects of systemic corticosteroids on the dysfunc-
tional host response caused by pneumonia. One in
vitro study showed suppressed bacterial replica-
tion in the presence of methylprednisolone when
human monocytes were infected with different
bacteria (12). Inflammatory markers including
TNF-a, IL-1B, and IL-6 were also reduced after
treatment with methylprednisolone. In a mice
model, Li et al. intratracheally introduced Esch-
erichia coli and then either treated with hydrocor-
tisone or placebo and found a decrease in serum
levels of IL-6, INF-y, and nitric oxide in the mice
that were treated with hydrocortisone (13). In a
separate model of piglets bronchoscopically inoc-

ulated with Pseudomonas aeruginosa, Sibila et al.
compared the effects of ciprofloxacin alone versus
ciprofloxacin plus methylprednisolone (14). Pro-
inflammatory cytokines and bacterial cell counts
were both decreased in both the bronchoalveolar
lavage (BAL) and serum in the group treated with
corticosteroids.

Clinical Studies of Systemic Corticosteroids
in Pneumonia

Randomized Controlled Trials

The following review is not intended to be a com-
prehensive one, but will highlight studies with
important contributions to the current state of the
evidence. A more comprehensive listing and brief
descriptions of prospective trials in humans is pro-
vided in Table 1. For this review, a PubMed MESH
search using headings “steroids” and “pneumonia”
and including only randomized clinical trials in
humans and in the English language was per-
formed.

Two early preliminary studies found discordant
results. The first by Marik et al. in 1993, random-
ized 30 patients with three or more British Thorac-
ic Society criteria of severe pneumonia to receive
10mg/kg of hydrocortisone or placebo and found
no difference in the intensive care unit (ICU)
length of stay (LOS) in the treatment (4.3+3.8
days) versus control group (4.6+5.9 days) (15).
Subsequently, Monton et al., showed a decrease
in systemic and lung inflammatory responses by
measuring TNF-a, IL-1pB, IL-6, and c-reactive pro-
tein (CRP) levels in the serum and BAL fluid in
mechanically ventilated patients receiving a large
intravenous dose of 677+508 mg methylpredniso-
lone for 9+7 days (16).

Confalonieri et al. showed improved clinical
outcomes in 46 CAP patients randomized to hy-
drocortisone with a 200mg intravenous bolus fol-
lowed by an infusion at a rate of 10mg/hour for 7
days versus placebo (17). The treatment group had
a 60-day mortality of 0 vs. 8 (38%) (P=0.009) and
a hospital LOS of 13 days (range, 10-53 days) vs.
21 days (range, 3-72 days) (P=0.03) despite hav-
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Table 1. Summary of Prospective Trials on Systemic Corticosteroids in Pneumonia

Study Target Number Intervention Hospital 30-Day Hospital LOS  Time to Clinical

Population of Patients Mortality Mortality (Control vs Stability (Control

(Control vs (Control vs (Control vs Intervention) vs Intervention)
Intervention) Intervention) Intervention)

Marik etal.  Adults 16 vs 14 10 mg/kg of 25%vs 7.1% Not assessed 4.6vs4.3 Not assessed
(15) hospitalized hydrocortisone once  (NS)

with CAP to the

ICU
Montonet  Adults 9vs 11 677 +£508 mg IV 67%vs36% Notassessed Notassessed Not assessed
al. (16) hospitalizedwith methylprednisolone  (P=0.37)

CAP requiring for 9 + 7 days

mechanical

ventilation
Confalonieri Adults 24 vs 24 Hydrocortisone 200  30% vs 0% 38% vs 0% 21vs 13days Not assessed
etal. (17) hospitalized mg bolus followed (P=0.009) (P=0.001) (P=0.03)

with CAP by 10 mg/hour

infusion for 7 days

Fernandez ~ Adults 28 vs 28 200 mg bolus of 3.6%vs3.6% Notassessed 12vs10days 7vs5 days
etal.(18) hospitalized methylpredniso- (NS) (NS) (P=0.02)

with CAP lone followed by

infusion for 9 days

Meijvis etal. Adults 153 vs 151 5mg IV 5% vs 5% 7% Vs 6% 7.5vs Not assessed
(19) hospitalized dexamethasone (P=0.98) (P=0.68) 6.5 days

with CAP daily for 4 days (P=0.048)
Blumetal.  Adults 393 vs 392 50 mg oral Not assessed 2% vs 1% 7 vs 6 days 4.4 vs 3 days
(20) hospitalized prednisone for 7 (P=0.01) (P=0.01)

with CAP days
Torresetal.  Adults 59 vs 61 0.5 mg/kg per 15%vs 10%  Notassessed 10.5vs 11 5vs 4 days
21 hospitalized 12 hours of IV (P=0.37) days (P=0.83) (P=0.28)

with CAP and methylprednisolone

CRP > 150 mg/L for 5 days
Snijderset  Adults 109 vs 104 40 mg of oral or IV Not assessed 5.5%vs5.8% 10.6vs 10 HR 1.14;
al. (22) hospitalized prednisolone daily (P=0.93) days (P=0.16) 95% Cl 0.82-1.59

with CAP for 7 days (P=0.44)

LOS=Length of stay; ICU=Intensive care unit; CAP=Community acquired pneumonia; CRP=C-reactive protein; IV=Intravenous; HR=Hazard ratio; NS=Not sig-

nificant.

ing higher CRP levels (mean, 55 [range, 14-349]
vs. 29 [6-200], P=0.04) and a lower P/F ratios (the
ratio of the partial pressure of arterial oxygen to
fractional inspired oxygen) (mean+SD, 141+49 vs.
178+58, P=0.03) at study enrollment.

Larger trials, including patients with many dif-
ferent pneumonia severities, suggest that the anti-
inflammatory properties of adjuvant corticoste-
roids may blunt the host inflammatory response
and shorten time to clinical stability and hospital
length of stay. In a single-center study, Meijvis et
al. randomized 304 patients with a wide range of
Pneumonia Severity Index (PSI) risk classes to re-
ceive 5mg of intravenous dexamethasone daily or
placebo (19). LOS was reduced in the steroid group

by 1 day (6.5 vs. 7.5; P=0.048). Similarly, in the
largest multicenter study to date, Blum et al. ran-
domized nearly 800 patients in the moderate risk
class (PSI II-1V) to 50mg of prednisone or placebo
for 7 days (20). In the steroid treated patients, there
was a reduction in time to clinical stability (3.0 vs.
4.4 days; HR 1.33; 95% CI, 1.15-1.50; P<0.001), and
there was a 1 day reduction in hospital LOS (6 vs.
7 days, P=0.01). However, neither study found an
improvement in mortality and rates of hyperglyce-
mia were significantly increased in both trials (19,
20). Snijders et al. randomized 213 patients with
mild to moderate CAP to receive either 40mg pred-
nisolone daily or placebo for 7 days and found no
difference in the primary endpoint of clinical cure

11



12

Acta Medica Academica 2020;49(1):9-20

(2). Interestingly, more steroid-treated patients had
worsening of symptoms after 7 days (OR 2.36; 95%
CIL, 1.05-5.31; P=0.04), suggesting initial blunt-
ing of the SIRS response may have led to a delay
in negative sequelae in this lower-risk population.
However, CRP levels were higher in the treatment
group (suggesting that these patients may have
been more severely ill at baseline) and this appears
to be an isolated finding, limiting confidence in this
interpretation. Still, it is reasonable that the poten-
tial benefits of adjuvant corticosteroids are more
limited in less severely-ill patients, thus increasing
the risk for potential harms due to hyperglycemia
and delayed immunosuppression.

In an attempt to study a more homogenous
patient population with more potential to benefit
from systemic steroids, Torres et al. performed a
multicenter trial of patients with severe CAP and
a strong host inflammatory response signified by
high baseline CRP level (>150mg/L) (21). Severity
of CAP was defined based on the modified Ameri-
can Thoracic Society criteria or a PSI V (3). Patients
were randomized to receive 0.5mg/kg of intrave-
nous methylprednisolone every 12 hours or placebo
for 5 days. Treatment failure—defined as develop-
ment of shock, the need for mechanical ventilation,
death, or radiographic progression (=50% increase
in size of infiltrate)—was significantly reduced
in the steroid group (OR 0.34; 95% CI, 0.14-0.87;
P=0.020). However, the overall improvement in
the combined endpoint was driven mainly by the
lack of late radiographic progression in the steroid
group. In direct contrast to Sneijders et al., a post-
hoc analysis found no difference in early (<72h)
treatment failures, but late treatment failure (>72h)
was reduced in the steroid group. Time to clini-
cal stability, ICU and hospital LOS, and in-hospital
mortality were not different between the groups,
limiting definitive interpretation of trial results for
these more clinically relevant endpoints. Finally, it
took 8 years to recruit 120 patients at 3 hospitals,
potentially limiting the generalizability of these
more restrictive inclusion criteria.

In an attempt to make treatment more ho-
mogenous, Lloyd et al. performed a blinded ran-
domized trial of 816 patients with CAP who were

treated with a pneumonia bundle that included
50mg per day of prednisolone acetate or equiva-
lent (4). There was no difference in hospital length
of stay (mean ratio of 0.95; 95% CI, 0.57-1.59), 90
day mortality (0.89; 95% CI, 0.48-1.63), and 90 day
readmission rate (1.18; 95% CI, 0.69-2). This study
included all patients with CAP and did not stratify
by severity which about 50% of the patients in this
study would have met criteria for severe CAP.

Combined, these trials suggest a possible de-
crease in hospital LOS in patients with severe CAP
treated with corticosteroids, but with increased
rates of hyperglycemia. It is possible that the as-
sociated hyperglycemia may partially explain the
lack of mortality benefit as observational studies
have found an increased mortality in CAP patients
with hyperglycemia (25-27). However, the clini-
cal relevance of increased hyperglycemia due to
systemic steroids is uncertain. A large population
based study of 327,452 patients that received a short
course of steroids (median 6 days [interquartile
range 6-12 days]) showed increased incidence of
sepsis (incidence rate ratio (IRR) 5.3; 95% CI, 3.8-
7.41), venous thromboembolism (IRR 3.33; 95%
CI, 2.78-3.99), and for fractures (IRR 1.87; 95%
CI, 1.69-2.07). This shows that even short courses
of steroids may have potentially serious complica-
tions (28). More importantly, individual studies of
heterogeneous populations lacking enrichment for
patients most likely to benefit from adjuvant corti-
costeroid therapy have been likely underpowered
to detect mortality benefit in low-risk patients (29).
Based on these studies, however, it appears that
the more severely ill patients with CAP may derive
benefit with adjuvant corticosteroids.

Meta-Analyses of Clinical Trial Data

A PubMed MESH search using headings “meta-
analysis”, “steroids”, and “pneumonia’, found six
meta-analyses all showing some benefit in clinical
outcomes (30-36). A meta-analysis by Siemieniuk
et al. of twelve trials and 1,974 patients provided
a more nuanced interpretation of the discordant
results seen in individual studies. While there was

a nonsignificant reduction in all-cause mortality
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(RR 0.67; 95% CI, 0.45-1.01), subgroup analysis
of patients with “severe” CAP showed a signifi-
cant improvement in mortality (RR 0.39; 95% CI,
0.2-0.77; P=0.01) (30). There was also a significant
reduction in the need for mechanical ventilation
and development of ARDS among patients treated
with steroids. However, the overall methodologi-
cal strength of the included studies was considered
to be low and one of the included trials, by Con-
falonieri et al. demonstrated remarkable benefit
of corticosteroids towards mortality, which was
considered to be an outlier to the other RCTs (17).
Even after the exclusion of this trial's data, there
was a benefit of systemic corticosteroids towards
all-cause mortality in patients with severe CAP.

A more recent meta-analysis addressed inher-
ent heterogeneity by performing an individual data
analysis including patients from 6 RCTs while ex-
cluding 5 smaller and 2 larger trials from 1970’ (1).
Opverall, there was no difference in mortality either
with or without the Confalonieri trial. However,
time to both clinical stability and hospital LOS
were reduced by approximately 1 day in patients re-
ceiving corticosteroids, but so were the rates of hy-
perglycemia and CAP-related re-hospitalizations.
No significant effect modifications were found, al-
though trends existed for greater effects in severe
pneumonia.

Stern et al. included 17 RCTs (including 4
RCT’s enrolling children) in their meta-analysis
(2). Corticosteroid therapy reduced overall mor-
tality in adults only with severe pneumonia (RR
0.58; 95% CI, 0.40-0.84). Corticosteroids also im-
proved early clinical failure (death from any cause,
radiographic progression, or clinical instability at
days 5 to 8) in all patients regardless of pneumo-
nia severity. Corticosteroid therapy was associated
with hyperglycemia, but there were no differences
for other adverse effects or secondary infections.
This review included smaller and “lower qual-
ity” studies (11 of the 17 trials were single center,
9 were open-label, and 14 were assessed as high-
risk for selective reporting bias due to inadequate
blinding of participants and personnel) and it is
unclear whether inclusion of these provided more
precision for the true treatment effect.

Corticosteroids in Viral Pneumonia

To date, there are no RCTs specifically investigat-
ing corticosteroids in viral pneumonia. A recent
Cochrane review could only identify low quality
observational studies addressing adjuvant corti-
costeroids in influenza pneumonia and suggested
a three-times increased odds of mortality and an
increase in hospital-acquired infections in the ste-
roid treated patients. The differences in severity of
illness could not be adequately addressed and the
data was judged to be of very low methodological
strength (37). Recently, Moreno et al. performed
a secondary analysis of an earlier multicenter
observational study to determine the effect of cor-
ticosteroids in severe influenza pneumonia (38).
This study included 1846 patients with influenza
pneumonia admitted to the ICU and treated with
relatively higher doses of corticosteroids (median
daily dose equivalent to 80mg of methylpredniso-
lone) for a mean duration of 7 days. After a pro-
pensity-matched analysis, corticosteroid use was
associated with an increase in ICU mortality (HR
1.32; 95% CI, 1.08-1.60; P<0.006) (38). Another
meta-analysis using ten trials with 6,548 patients
showed that corticosteroids resulted in a higher
mortality (RR 1.75; 95% CI, 1.30-2.36; P=0.0002),
longer ICU LOS (mean difference 2.14 days; 95%
CI, 1.17-3.10; P<0.0001), and a higher rate of
secondary infection (RR 1.98; 95% CI, 1.04-3.78;
P=0.04) when compared to placebo (39).

There is a biologic explanation for these results
for corticosteroids in viral pneumonia. Corticoste-
roids may provide benefit for bacterial infections
by preventing negative systemic sequelae of a ro-
bust SIRS response while still allowing for effec-
tive bacterial clearance with potent antibiotics. On
the other hand, lacking similarly potent antiviral
therapy, a blunted host response may allow greater
viral replication and dissemination resulting in
greater systemic organ involvement and late-onset
complications when treating viral pneumonia,
such as influenza. The increased mortality could be
related to an increase in secondary bacterial infec-
tions when these patients are given corticosteroids.
These, plus other mechanisms could all result in
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the increased mortality seen in adjuvant cortico-
steroid use in influenza pneumonia. The increased
mortality observed in populations of patients with
viral pneumonia could have implications in the
previous studies of adjuvant corticosteroids as vi-
ral vs. bacterial pneumonia were not differentiated
in the majority of the studies (although, the Torres
trial (21) excluded patients with influenza). More-
over, the commonly used rapid influenza diagnos-
tic test using an immunoassay has lower sensitivity
when compared to PCR (40), allowing for misclas-
sification of patients being treated for bacterial
pneumonia and possibly increasing complications
from adjuvant corticosteroids.

Studies with Inhaled Delivery of
Corticosteroids

There is a theoretical concern that systemic corti-
costeroids may have variable anti-inflammatory
effects in the alveolar compartment, and that in-
haled delivery of corticosteroids may provide more

effective anti-inflammatory benefits directly to the
target organ while limiting negative systemic ef-
fects, such as, hyperglycemia and immunosuppres-
sion (Figure 1). A recent study showed that after
instillation of endotoxin into the lungs of healthy
patients, 40mg of intravenous dexamethasone
markedly reduced anti-inflammatory markers in
the peripheral blood, while only slightly affect-
ing those in BAL fluid (41). As both systemic and
inhaled corticosteroids affect the same inflamma-
tory mediators, it is plausible that inhaled delivery
would result in the same anti-inflammatory effects
in the lungs without the adverse effects, compared
to systemic delivery. This benefit needs to be
contrasted with the long-term administration of
inhaled steroids for chronic obstructive pulmonary
diseases, where a higher incidence of pneumonia
requiring hospitalization has been observed, but
without an increase in mortality (42, 43).

Multiple studies involving experimental mod-
els of lung injury and/or pneumonia have dem-
onstrated amelioration of inflammation, histo-

Legends: Key pathways in progression of lung
injury. Infection causes neutrophils to release
inflammatory cytokines IL-6, IL-8, and TNF-a
which in turn causes epithelial injury (marked
by increased levels of RAGE and SP-D) and
vascular permeability (marked by increased
ANG-2). There is potential for inhaled cortico-
steroids (ICS) to reduce this inflammatory re-
sponse and limit epithelial permeability while
inhaled beta agonists (IBA) could increase al-
veolar fluid clearance (AFC) and preserve vas-
cular barrier function.

Figure 1. ICS=Inhaled corticosteroid; IBA=Inhaled beta-agonist; SP-D=Surfactant protein-D; RAGE=Receptor for ad-
vanced glycation endproducts; TNF=Tumor necrosis facotr; IL=Interleukin; Na=Sodium; CRP=C-reactive protein; ANG-

2=Angiotensin 2; AFC=Alveolar fluid clearance.
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logic injury, and derangement in oxygenation,
hemodynamics, and lung mechanics when treated
with inhaled corticosteroids compared to placebo.
Walther et al. studied effects of nebulized beclo-
methasone starting 30-minutes after infusion of
live Staphylococcus aureus in mechanically venti-
lated pigs (44). Oxygenation, hemodynamics, and
lung mechanics were better maintained in pigs
receiving nebulized beclomethasone after onset of
sepsis relative to placebo. Forsgreen et al. studied
effects of prophylactic treatment with an aerosol-
ized corticosteroid in a pig model of early ARDS
induced by Escherichia coli (45). Pretreatment
with aerosolized corticosteroids, either 15-min-
utes or 2-hours before the start of an endotoxin
infusion, improved lung mechanics and hemo-
dynamics relative to placebo. Jansson et al. also
investigated the effect of pretreatment with aero-
solized corticosteroids on lung injury and inflam-
mation following varying doses of intratracheally
instilled lipopolysaccharide (LPS) (46). Pretreat-
ment with aerosolized budesonide decreased the
production of inflammatory cytokines TNF-a, IL-
1B, and monocyte chemoattractive protein-1 after
challenge with both low and high concentrations
of LPS. Greater differences in pulmonary edema
and development of ALI were seen at higher LPS
concentrations suggesting that therapeutic effects
of aerosolized budesonide were greater with more
severe disease.

Timing of administration of therapy has varied
across multiple studies. Wang et al. examined the
effect of varying the time between injury and treat-
ment with nebulized corticosteroids on lung inju-
ry in animal models (47). Nebulized budesonide
was given immediately, 30, or 60-minutes fol-
lowing chlorine gas exposure. The mean arterial
oxygen tension in animals treated immediately
and 30-minutes post-delivery of budesonide was
significantly higher than in controls or animals
treated 60-minutes post-delivery. The recovery of
lung compliance was enhanced and the pulmo-
nary wet-to-dry weight ratio was lower in all three
budesonide groups relative to controls, suggesting
that while earlier is better, benefit may still occur
with delayed treatment. Despite inherent hetero-

geneity, the above studies demonstrate relatively
consistent beneficial effects of inhaled corticoste-
roids in animal models of lung injury caused by
either inhaled or systemic insults.

Not all preclinical studies of inhaled corticoste-
roids in experimentally induced lung injury and
pneumonia resulted in improvement relative to
placebo. For example, Sjoblom et al. randomized
16 rabbits into groups receiving inhalation of am-
monia, followed by 30-minute and 2-hour delayed
treatments with 0.5mg inhaled budesonide or pla-
cebo (48). The ammonia inhalation resulted in se-
vere ALI after only 15 minutes. In comparison with
placebo, budesonide did not result in improved
gas exchange or reduced airway pressure levels
during the observation period. This result may ex-
emplify the limitations of delayed treatment with
a relatively low dose of inhaled corticosteroid in
the setting of a potent inciting injury. In addition,
most of these studies involved models of sepsis or
direct lung injury using an injurious agent and not
a live microorganism model of pneumonia. The
use of inhaled corticosteroids appears to decrease
the injurious host response in the lung, but re-
sults cannot be directly extrapolated to infectious
pneumonia where the benefits of a decreased host
immune response may be attenuated by increased
bacterial or viral replication.

Role of Adjuvant Beta Agonists

As previously described, pneumonia can increase
vascular permeability resulting in loss of barrier
function between the alveolar and vascular com-
partments. In experimental studies, beta agonists
have demonstrated the ability to preserve pulmo-
nary vascular stability and up-regulate alveolar
fluid clearance. Spindler and Waschke compared
effects of propranolol and epinephrine and con-
cluded that activation of P-adrenergic receptor
signaling contributes to the stability of endothelial
barrier properties under baseline conditions (49).
Therefore, beta agonists are likely to be most effec-
tive early in the course of developing lung injury
when the alveolar epithelial and endothelial bar-
riers are still relatively maintained. An extensive
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physiological review by Matthay et al. provides a
detailed discussion of the experiments that have
enhanced our understanding of the complex
regulation of lung fluid balance by active transport
mechanisms across both the alveolar and distal
airway epithelium (50). Pertinent to this review,
the authors commented on the potential beneficial
effects of both beta agonists and corticosteroids on
the reabsorption of edema from the distal airspaces
of the lung, during physiological and pathological
conditions.

There are only four trials looking at beta ago-
nists and their ability to prevent ALI. The BALTI
trial was the first trial to demonstrate that beta ag-
onist therapy reduced extravascular lung water in
patients with ALI/ARDS (51). However, 5 years lat-
er, the BALTI-2 trial using the same treatment reg-
imen of intravenous salbutamol did not decrease
mortality in ARDS patients and was stopped early
due to safety concerns related to arrhythmias (52).
Concurrently, the ALTA trial, which randomized
patients with ALI to either 5mg of aerosolized al-
buterol or placebo every 4 hours for up to 10 days,
was also stopped early for futility after finding
no difference in ventilator free days and hospital
mortality between the treatment groups (53). The
ALTA trial did show that systemic absorption of
aerosolized albuterol in patients with ALI/ARDS
was sufficient based on measurements of plasma
albuterol levels. A common factor of these negative
trials was that the enrolled patients were already
mechanically ventilated with established ARDS, so
the therapeutic window for potential effects of beta
agonist therapy might have been missed. The only
RCT to test whether pretreatment with inhaled
beta agonists might prevent ARDS was performed
in patients undergoing elective esophagectomy in
12 centers in the United Kingdom (54). Although
the treatment with salmeterol 100 ug twice daily
did not prevent the primary endpoint of early lung
injury, the patients receiving salmeterol had lower
pulmonary vascular permeability indices; lower
serum levels of RAGE, TNF-alpha, and IL-1beta;
and a lower incidence of postoperative pneumonia
(7 vs. 17; OR 0.39; 95% CI, 0.16-0.96) (54). While
not specifically limited to patients with pneumo-

nia, these studies are in patients with or at risk
for developing ARDS with similar pathophysiol-
ogy to patients with severe pneumonia suggesting
that beta agonists may be beneficial as an adjuvant
therapy in CAP, but future research is needed.

Combined Use of Inhaled Corticosteroids
and Beta Agonists

There is a synergistic benefit of combined inhaled
corticosteroid and beta agonists in patients with
obstructive pulmonary disease. The bronchodilat-
ing effect of inhaled beta agonists may improve
distal delivery of inhaled corticosteroids to the
alveoli, while also increasing the efficacy of inhaled
corticosteroids by increasing the nuclear localiza-
tion of corticosteroid receptors (55). Both inhaled
corticosteroids and beta agonists are medications
broadly available, inexpensive, and with established
safety profiles when used in combination.

In a recent multicenter RCT, the authors stud-
ied the effect of combined inhaled corticosteroid
and beta agonist therapy in patients at high risk of
developing ARDS, defined by a lung injury predic-
tion score >4 (56). Sixty patients were randomized
to receive inhaled budesonide/formoterol versus
placebo for up to 5 days. The primary outcome
was change in oxygen saturation divided by the
fraction of inspired oxygen (S/F) through day 5.
The patients at risk of ARDS randomized to re-
ceive inhaled budesonide/formoterol, compared
to those receiving placebo, had improved oxygen-
ation based on more rapid improvement in the S/F
(P=0.02), with significant separation occurring at
day 2. No patient in the treatment group had wors-
ening S/F compared with eight patients (27%) in
the placebo group. This benefit appeared to be re-
stricted to patients with pneumonia (P=0.03) ver-
sus those without pneumonia (P=0.51) (56). Over-
all, patients in the treatment arm had lower rates
of mechanical ventilation (53% vs. 21%, P=0.01)
and ARDS (23% vs. 0%, P=0.01), as well as shorter
hospital and ICU LOS. There was an imbalance in
baseline severity of illness with more patients hav-
ing baseline shock in the placebo group. However,
shock was not associated with a change in S/F and
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did not modify the effect of treatment on S/E The
median time from presentation to the first dose of
study drug was <9 hours in this study. If proven
effective in the upcoming NIH-funded, 600-pa-
tient ARREST Pneumonia trial (NCT04193878),
it is likely that early treatment is crucial to provide
protective effects prior to the development of more
severe lung injury.

These studies highlight the need for future re-
search with inhaled therapies in pneumonia. Some
trials using systemic corticosteroids have shown
an increase in rates of hyperglycemia and/or in-
crease in delayed complications, such as second-
ary infections. The use of short-term, inhaled cor-
ticosteroid therapy would not be expected to yield
these complications. Further studies are needed
to determine whether the combination of inhaled
corticosteroids and beta agonists may provide ad-
ditional benefit. The potential synergy between the
anti-inflammatory effects of corticosteroids and
increased capillary stability and edema resorption
from beta agonists combined with timely inhaled
delivery directly to the target organ prior to the
onset of respiratory failure has the potential to
maximize clinical benefit while limiting negative
systemic side-effects.

Discussion

The consensus guidelines created by the Society
of Critical Care Medicine and European Society
of Intensive Care Medicine in 2017 recommended
using corticosteroids for 5-7 days at a daily dose
of <400 mg of intravenous hydrocortisone for all
patients hospitalized with CAP. In this recommen-
dation, they mention that patients with severe dis-
ease derived more benefit, but that all hospitalized
CAP patients should be given corticosteroids (57).
In contrast, the recent consensus guidelines for
CAP by the Infectious Disease Society of America
and American Thoracic Society (IDSA/ATS) pub-
lished in 2019 did not recommend corticosteroids
be used in patients with severe or non-severe CAP
due to a lack of sufficient evidence (58). Clearly,
additional clinical trials are needed to better define
the patient populations that may benefit from the

adjuvant use of corticosteroids, as well as to elu-
cidate the ideal timing, route, dose, and duration
of therapy. In summary, there may be a benefit for
adjuvant corticosteroids in patients with severe
CAP, but their role still needs to be better defined.
Given the remaining equipoise for this impor-
tant question despite multiple multicenter RCTs,
future trials need to assess timely (early) delivery
and discern which patients would benefit the most
relative to their host characteristics, severity, and
etiology of pneumonia, along with the best route
of delivery, dose, and duration of therapy.

Conclusion

Despite conflicting guidelines, the strongest data
currently supports using systemic corticosteroids
for severe bacterial pneumonia. Using inhaled cor-
ticosteroids and beta-agonists has a theoretical ben-
efit, but their exact role has yet to be determined.

What Is Already Known on this Topic

Adjuvant systemic corticosteroids may improve clinical outcomes in se-
lected patients hospitalized with severe community-acquired bacterial
pneumonia.

What this Study Adds

Proposed use of adjuvant inhaled corticosteroid therapy, with or with-
out inhaled beta agonists, would theoretically not predispose patients to
systemic adverse effects, and as such may be an attractive alternative to
adjuvant use of systemic corticosteroids in patients with community-
acquired pneumonia.
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