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ABSTRACT

Systemic corticosteroids (CSs), a keystone in
pulmonology, are drugs with strong antiin-
flammatory activity. They are cheap, easily
available, and accessible, but with common and
serious side effects. Moreover, the use of
exogenous CSs may suppress the hypothala-
mic–pituitary–adrenal (HPA) axis, predisposing
to adrenal insufficiency. Safe CS treatment is a
challenge of pharmacological research. This
narrative review examined the indications of
CSs in some respiratory diseases, analyzing what
types, dosages, and length of treatment are
required as the dosage and duration of CS

treatments need to be minimized. Chronic
maintenance treatments with CSs are associated
with poor prognosis, but they are still prescribed
in patients with severe asthma, Chronic
obstructive pulmonary disease (COPD), and
interstitial lung diseases. When CS discontinu-
ation is not possible, all efforts should be made
to achieve clinically meaningful reductions.
Guidelines suggest the use of methylpred-
nisolone at a dose of 20–40 mg/day or equiva-
lent for up to 10 days in subjects with COVID-
19 pneumonia (but not other respiratory viral
diseases) and respiratory failure, exacerbations
of asthma, and COPD. Some guidelines suggest
that CS treatment shorter than 10–14 days can
be abruptly stopped, strictly monitoring sub-
jects with unexplained symptoms after CS
withdrawal, who should promptly be tested forSupplementary Information The online version
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adrenal insufficiency (AI) and eventually trea-
ted. CSs are often used in severe community-
acquired pneumonia associated with markedly
increased serum inflammation markers, in acute
respiratory distress syndrome (ARDS), in septic
shock unresponsive to hydro-saline replenish-
ment and vasopressors, and acute exacerbations
of interstitial lung diseases. As these cases often
require higher doses and longer duration of CS
treatment, CS tapering should be gradual and,
when useful, supported by an evaluation of HPA
axis function.

Keywords: Corticosteroid; Glucocorticoid;
Adrenal insufficiency; COVID-19; ARDS;
Asthma; Pneumonia; Shock; Chronic
obstructive pulmonary disease (COPD);
Interstitial lung disease; Exacerbation

Key Summary Points

Cortisol, the main glucocorticoid
hormone, has strong antiinflammatory
activity. The antiinflammatory activity of
cortisol, and its more powerful synthetic
derivatives, is often utilized in medicine.

Systemic corticosteroid drugs have
common and serious side effects. These
adverse effects are not only due to direct
toxicity but may also be related to
withdrawal. In fact, exogenous use of
corticosteroid interferes with the function
of the HPA axis, and may suppress the
endogenous production of cortisol,
predisposing patients experiencing abrupt
interruption of the drug to adrenal
insufficiency.

Systemic corticosteroid drugs are effective,
cheap, easily available, and accessible.
Their use remains common in several
respiratory diseases, such as COVID-19
pneumonia, severe community-acquired
pneumonia, ARDS, septic shock, some
interstitial lung diseases, COPD, and
asthma and their exacerbations.

Guideline recommendations on systemic
corticosteroid use in respiratory medicine
show some discrepancies, with unclear
chapters, and are often updated. New
knowledge and alternative therapeutic
options also make their extensive
implementation difficult in real life.
Effective and safe treatment with
corticosteroids is a challenge and forces
clinicians to continuously review and
balance the risks and benefits of
treatment.

This review aims to update current
indications to systemic corticosteroid use
in respiratory medicine, including choice
of drug, dosage, timing, and duration of
treatment and tapering strategy.

There is increasing evidence suggesting
limiting as much as possible the use of
systemic corticosteroids. When complete
discontinuation of corticosteroids is not
possible, all efforts should be made to
achieve clinically meaningful reductions.
Meanwhile, monitoring the patient
carefully to detect early side effects and to
treat accordingly is always required.

INTRODUCTION

The adrenal cortex produces several corticos-
teroid hormones, including mineralocorticoids
(i.e., aldosterone) involved in fluid and elec-
trolyte balance, and glucocorticoids (hereafter,
CSs) that are involved in the maintenance of
homeostasis, also exerting ant-inflammatory
activities. This last property is commonly uti-
lized in medicine. A US retrospective cohort
study that enrolled more than a million subjects
revealed that 21% received a CS treatment
within the last year [1]. Respiratory diseases
accounted for a substantial part of total CS
prescriptions. Unfortunately, CS use is associ-
ated with common and severe adverse effects
(Table 1).

Our aim is to define the minimally effective
dose of CSs in respiratory medicine. We
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searched for the following key terms in PubMed
and Google Scholar databases from inception to
December 2022: glucocorticoid, steroid, corti-
costeroid, dexamethasone, betamethasone,
hydrocortisone, cortisol, methylprednisolone,
prednisone AND ARDS, sepsis, respiratory viral
infections, influenza, SARS, MERS, COVID-19,
SARS-CoV-2, CAP, COPD, asthma, fibrosis,
interstitial lung disease, chronic bronchitis,
emphysema, exacerbation. This paper is a
qualitative review including randomized con-
trolled trials (RCTs), observational studies,
meta-analyses, and guidelines in this field. We
performed no statistical analysis and report
evidence in a descriptive way. This article is
based on previously conducted studies and does
not contain any new studies with human par-
ticipants or animals performed by any of the
authors.

CS AND ADRENAL INSUFFICIENCY

Several synthetic CSs have been developed for
pharmacological use. They have higher antiin-
flammatory potency and lower mineralocorti-
coid activity than cortisol, the main
endogenous hormone, as presented in Table 2
[2]. The antiinflammatory properties of CSs are
used as maintenance treatment to manage sev-
eral respiratory diseases, such as sarcoidosis,

some interstitial lung diseases (ILDs) and diffi-
cult-to-control asthma. More often, CSs are
used as bursts for some days to treat exacerba-
tions or acute respiratory events.

A primary care UK study in which over
24,000 subjects receiving CSs (and matched
controls) were followed-up over time demon-
strated a direct relationship between adverse
events and CS exposure, with substantial
increases in risk seen above a cumulative dose of
1000 mg prednisone or equivalent [3]. A popu-
lation-based cohort analysis evaluated the inci-
dence of three major adverse effects that the use
of CSs may provoke in users. Most subjects
(70%) had received only one course of CSs per
year, with a median prednisone equivalent daily
dose of 20 mg/day for 6 days. There was a sta-
tistically significant increase in the rate of sepsis
[incidence rate ratio (IRR): 3.77], venous
thromboembolism (IRR: 3.11), and fracture
(IRR: 1.96) in the CS users versus non-CS users
within the first 30 days of treatment [1]. These
data show that not only prolonged treatments,
but even short courses of CSs may be associated
with common and severe adverse events.

Not only treatments with CSs may give side
effects, but also their abrupt interruption. In
fact, endogenous CS production is regulated by
the hypothalamic–pituitary–adrenal (HPA) axis,
where adrenocorticotrophic hormone (ACTH)
and corticotrophin releasing (CTR) factor pro-
mote cortisol delivery and circulating cortisol
exerts negative feedback on ACTH and CTR
production. Exogenous CSs suppress ACTH and
CTR production and may interfere with release
of endogenous CSs, leading to adrenal insuffi-
ciency (AI). AI may be severe or even life
threatening and is often associated with non-
specific symptoms, such as fatigue, hypoten-
sion, hyponatremia, nausea, vomiting,
diarrhoea, abdominal pain, anorexia/weight
loss, headache, fever, myalgia, arthralgia, or
psychiatric symptoms. The daily cortisol pro-
duction is approximately 20 mg in adults, but
this increases during stressful conditions [4],
which explains why clinically relevant AI is
more common in acute conditions.

In their meta-analysis estimating percent-
ages of subjects with AI after treatment with CSs
for various conditions, Broersen [5] et al. found,

Table 1 Main side effects of corticosteroid treatment

Hypertension, hydro-saline fluid retention

Glucose intolerance, diabetes

Osteoporosis, increased risk of fractures

Cataract, eye hypertension

Gastrointestinal bleeding, dyspepsia

Muscle weakness, loss of muscle mass, myopathy

Skin thinning, bruising, striae rubrae

Psychosis, depression, sleep disturbances

Increased risk for infection

Increased appetite and weight gain
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stratifying by doses, percentages of patients
with AI from 2.4% (95% CI 0.6–9.3) for doses
equivalent to\10 mg prednisone per day to
21.5% (95% CI 12.0–35.5) for[20 mg pred-
nisone per day; stratifying by treatment dura-
tion AI was found from 1.4% (95% CI 0.3–7.4)
for treatments\28 day to 27.4% (95% CI
17.7–39.8) for[ 1 year. The same study
observed that some subjects meeting laboratory
diagnosis of AI reported symptoms and only
some patients showed AI for a certain cumula-
tive CS dosage. Most subjects showed a full
recovery within 2 weeks, but others required
longer times, showing that the time of recovery
from AI after CS withdrawal is unpredictable.

Several laboratory tests have been proposed
to assess HPA axis function and AI. Serum cor-
tisol measurements at 9 a.m. is commonly
considered the gold standard for AI assessment
and may exclude or confirm its presence. Each
laboratory should define its own methods and
normal ranges of measurement, but a
9 a.m. serum cortisol level\80–100 nmol/L
(\3–5 mcg/dL) is the usual cut-off value indi-
cating AI. In contrast, a 9 a.m. serum corti-
sol[ 350–500 nmol/L ([ 20 mcg/dL) excludes
AI. Values falling between the selected thresh-
olds are generally considered as indeterminate
and may be resolved by the corticotropin (short
Synacthen�, Cortrosyn�) stimulation test. This
test assesses the integrity of the HPA axis based
on peak response after ACTH injection. A single

dose (250 lg) of synthetic ACTH is usually
administered at 9 a.m.; blood samples are drawn
immediately before the test and at 30 min after
the injection to assess the rise in serum cortisol.
An attenuated or absent increase in response to
direct stimulation by supra-physiologic ACTH
indicates adrenal gland atrophy [4]. Note-
worthily, the test for AI available in clinical
practice has a high sensitivity rather than a high
specificity, and the number of false positive
tests is not negligible. It has been suggested that
the low-dose (0.5–1 mcg) synthetic ACTH
stimulation test may be more sensitive than the
supra-physiologic 250 mcg test in the suspicion
of secondary AI, but this test remains the pre-
ferred assessment for screening of secondary AI
[4].

COVID-19 and Other Viral Respiratory
Infections

At the onset of the pandemic, there was dis-
agreement on the usefulness of CS therapy in
subjects with COVID-19 pneumonia. Over time,
many severe forms were attributed to an
inflammatory cytokine storm and CS use could
have the potential to decrease upregulated
inflammatory responses. The RECOVERY study
[5] has shown the role of CSs in severe COVID-
19. This trial enrolled 6425 (mean age 66 years,
56% with comorbidities) hospitalized patients
with COVID-19; 2104 subjects were given

Table 2 Relative potencies of some glucocorticoids

Glucocorticoid Antiinflammatory potencyb Mineralcorticoid potency Half-life in hours

Cortisol 1 1 8–12

Prednisonea 4 0.8 18–36

methylprednisoloneb 5 0.5 18–36

Betamethasone 25 0.01 [ 36

Dexamethasone 25 0.01 [ 36

The second and third columns of Table 2 indicate corticosteroid antiinflammatory and mineralcorticoid potency,
respectively, relative to cortisol (by convention, cortisol = 1)
aPrednisone undergoes hepatic conversion to prednisolone for activation. Such a conversion is nearly 100%, even in the
presence of significant hepatic dysfunction
bPrednisone is a pro-drug and is converted to the active drugs
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dexamethasone 6 mg orally or intravenously
once daily for up to 10 days or until discharged
and 4321 subjects were randomized to receive
usual therapy. The group treated with dexam-
ethasone showed a significantly lower mortality
(at 28 days, primary outcome of the study) than
the control arm (22.9% versus 25.7%; RR 0.83;
95% CI 0.75–0.93; P\0.001). In the analysis
prespecified for subgroups, the reduction of the
mortality rate in the arm treated with dexam-
ethasone was observed both in the subgroup of
subjects with oxygen supplementation (23.3%
versus 26.2%; RR 0.82; 95% CI 0.72–0.94) and,
above all, in those on invasive mechanical
ventilation (29.3% versus 41.4%; RR 0.64; 95%
CI 0.51–0.81), but not in the subgroup of sub-
jects not receiving any oxygen supplementation
(17.8% versus 14.0%; RR 1.19; 95% CI 0.91–-
1.55).Other subgroup analyses showed signifi-
cant advantage only when dexamethasone was
introduced in subjects with onset of symptoms
for more than 8 days, aged less than 70 years,
and in males, confirming the need of personal-
izing treatment. It has been shown that initial
pulse dose (1 g methylprednisolone boluses for
3 consecutive days in addition to dexametha-
sone [6]), higher doses, and longer duration [7]
of CS treatment did not improve outcomes.
Table 3 presents the guideline recommenda-
tions [8–13] for CS use in subjects with COVID-
19 requiring at least oxygen therapy. The
guidelines also highlight that, if dexametha-
sone is unavailable, equivalent daily doses of
alternative CSs may be used [10].

The 2018 IDSA guidelines for the manage-
ment of influenza do not recommend add-on
therapy with CSs for the treatment of suspected
or confirmed seasonal influenza, influenza-as-
sociated pneumonia, or respiratory failure,
unless clinically indicated for other reasons
(e.g., exacerbation of asthma, COPD, refractory
septic shock). A recent study has confirmed that
CS administration increased the occurrence of
nosocomial infections and mortality in patients
with seasonal/mixed seasonal flu. In addition,
the use of CSs in subjects with influenza may be
associated with a prolonged viral spread [14].

ARDS

Acute respiratory distress syndrome (ARDS) is a
common cause of respiratory failure and death
in critically ill subjects and is defined as an
acute diffuse inflammatory lung injury mani-
festing as acute severe hypoxemia, bilateral lung
infiltrates, and noncardiogenic pulmonary
edema. The PaO2/FiO2 ratio is usually used to
distinguish mild (200\ PaO2/
FiO2 B 300 mmHg), moderate (100\ PaO2/
FiO2 B 200 mmHg), and severe ARDS (PaO2/
FiO2 B 100 mmHg).

An extensive meta-analysis of 18 randomized
controlled trials [15] including 2826 adult sub-
jects with ARDS (all invasively ventilated) of
any etiology confirmed that the use of CSs
reduced hospital mortality (RR 0.82; 95% CI
0.72–0.95). Subgroup analysis showed that
subjects receiving a longer course of CS
([7 days) had higher success rates, while no
significant benefit in hospital mortality was
observed with late administration ([7 days of
onset of ARDS) of CSs (RR 0.52; 95% 0.11–2.52).
A meta-analysis [16] found that the use of
methylprednisolone (RR = 0.70; 95% CI
0.56–0.88; P\ 0.01), and cortisol (RR = 0.79;
95% CI: 0.63–0.98; P = 0.03) was also associated
with reduction of 28 day mortality. Another
meta-analysis observed that CS treatments
longer than 7 days and low dosage (B 2 mg/kg
methylprednisolone per day) were significantly
associated with decreased mortality in adult
ARDS patients [18]. The results of meta-analyses
may be prone to publication bias, but the largest
randomized controlled trial to date, the DEXA-
ARDS [19], enrolling 277 subjects with moder-
ate-to-severe ARDS, confirmed that early
administration of dexamethasone 20 mg once
daily from day 1 to day 5, and 10 mg once daily
from day 6 to day 10, reduced the duration of
mechanical ventilation at 28 days (between-
group difference 4.8 days, 95% CI 2.6–7.0 days;
P\ 0�0001) and mortality at 60 days (21% ver-
sus 36%; 95% CI -25.9 to -4.9; P = 0�0047).
Current recommendations for CS use in ARDS
are reported in Table 4 [20–23]. The optimal
dose and the duration of CS regimens in ARDS
needs to be further studied. This is a very
important issue because large and prolonged
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doses of CS may be associated with severe
adverse events, such as neuropathy and
myopathy, commonly observed in subjects
admitted in critical conditions and responsible
for increased length of hospital stays and mor-
tality. CSs should be weaned slowly
(6 - 14 days) and not abruptly as deterioration
may occur from the development of a recon-
stituted inflammatory response. Meduri et al.
[2] have proposed a regimen protocol, reported
in the Supplementary file 1.

Sepsis and Septic Shock

Sepsis is defined as a life-threatening host
response to an infection that can culminate in
shock, (multi)organ failure (including ARDS),
and death. In about 15% of subjects, sepsis
evolves into septic shock. In-hospital mortality
of septic shock ranges from 30% to 50%.
Although evaluated in several randomized
controlled trials, the safety and efficacy of CSs

remain controversial [24]. There is a wide
heterogeneity between the studies and conclu-
sions are supported with low or very low cer-
tainty of evidence. Most researchers agree that
the use of CSs reduces the duration of shock,
ventilator use, and intensive care unit (ICU)
stay [24]. CSs should only be used as adjuvant
therapy for septic shock unresponsive to hydro-
saline replenishment and vasopressors. If CSs
are used, guidelines recommend cortisol for at
least 3 days; in most cases CSs can be stopped
after cessation of vasopressors. Most trials eval-
uated intravenous cortisol (200 mg continu-
ously or 60 mg in bolus four times per day),
finding no evidence of variation in effect, even
when modifying the type of CS used. There is
no clear consensus on whether CSs should be
tapered or if abrupt withdrawal is appropriate,
but larger randomized controlled trials did not
use a tapering strategy and found no difference
in shock recurrence [24].

Table 3 Current recommendations for corticosteroid use in COVID-19

Guideline
(reference)

EMA [11] WHO [9] IDSA [12] ERS [10] NIH [13]

Preferred drug Dexamethasonea Dexamethasoneb Dexamethasonec Dexamethasone Dexamethasoned

Daily dose in mg 6 6 6 6 6

Duration in days For a maximum

of 10 days

For a maximum

of 10 days

For 10 days or until

hospital discharge

For a

maximum of

10 days

For 10 days or until

hospital discharge

Degree of

recommendation

Strong Conditional Strong

Strength of

evidence

Moderate Moderate

Year 2020 2020 2022 2020 2020

aRecommended orally or intravenously from 12 years of age and weighing at least 40 kg in subjects requiring supplemental
oxygen therapy
bRecommended in individuals with severe or critical COVID-19 disease, but not (conditional recommendation, low
strength of evidence) in subjects with nonserious disease
cRecommended in subjects with severe COVID-19 disease, but not in those without hypoxemia (conditional recommen-
dation, low strength of evidence)
dRecommended in subjects with severe COVID-19 disease, but not those without hypoxemia
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Interstitial Lung Diseases

Interstitial lung diseases (ILDs) are a heteroge-
neous family of pulmonary disorders with dif-
fuse lung fibrosing lesions. Idiopathic
pulmonary fibrosis (IPF), the most common
ILD, has a rapidly progressive course associated
with deteriorating quality of life and poor
prognosis [25]. Although the natural history of
ILDs other than IPF varies, a significant per-
centage of subjects with these diseases,
approximately one-third of the total, also show
rapid progression [26]. During the disease
course, many subjects with these diseases
experience acute exacerbations, characterized
by a sudden decline in lung function and
quality of life with an increase in lung ground
glass opacities and/or consolidation, not related
to heart failure and/or pulmonary embolism.
Acute exacerbations are associated with wors-
ening prognosis in subjects with ILDs [25, 26].
Despite the lack of strong evidence supporting
the use of CSs in acute exacerbations, their use
is common practice. An international survey on
exacerbation of subjects with IPF including 509
pulmonologists from 66 countries has sup-
ported its use, recommending a pulse dose of
500–1000 mg of methylprednisolone intra-
venously for the first 3 days, followed by oral

prednisone 1 mg/kg once daily for an average of
13 weeks [27]. A retrospective cohort study of 89
patients with ILD (56 with IPF and 33 with non-
IPF ILD) with acute exacerbation used a similar
treatment protocol with CSs. On the seventh
day from starting treatment, an High resolution
Chest Tomography (HRCT) was repeated, and
prednisone was tapered for 4–6 weeks if there
were radiological improvements; if no radio-
logical and/or clinical improvements were seen,
the CS was discontinued. The 1 year transplant-
free survival was 20% in IPF subjects and 52% in
non-IPF patients [28]. Although gradual taper-
ing of CS is a common practice to manage
exacerbations of subjects with ILDs, there is no
consensus on the best tapering strategy. Early
tapering was defined as a reduction in CS
maintenance dose of[ 10% within 2 weeks of
admission, regardless of the pulse approach. In
a retrospective Japanese study in subjects trea-
ted for exacerbation of IPF, Anan et al. [29]
found that early CS dose tapering was associated
with a favorable outcome (90 day mortality). By
contrast, another retrospective single-center
cohort study reported that a high total CS dose
in the first 30 days was associated with fewer
relapses of exacerbations compared with a low
total dose [30].

Table 4 Current recommendations for corticosteroid use in subjects with ARDS

Guideline (reference) SCCM/ESICM [20] BTS/ICM/ICSGDG
[21]

JPCG [23] SRLF [22]

Indication Moderate-to-severe

ARDS

Mild-to-severe ARDS Not specified Moderate-to-severe

ARDS

Drug Methylprednisolone Not specified Methylprednisolone Methylprednisolone

Daily dose 1 mg/kg Not specified 1–2 mg/kg 1 mg/kg

Duration 14 daysa Not specified At least 7 days 14 daysa

Tapering Yes, over 14 days Not specified Not specified Yes

Degree of

recommendation

Conditional Further research Conditional Conditional

Strength of evidence Moderate Low–very low Low–very low Not specified

Year 2017 2019 2021 2019

aIn the presence of persistent ARDS the daily dose of methylprednisolone should be increased to 2 mg/kg
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Community-Acquired Pneumonias

Community acquired pneumonias (CAPs) are
common and serious acute events, often of
bacterial etiology. CAP mortality remains high
even if early and appropriate antimicrobial
therapy is administered, supporting the
hypothesis that prognosis depends not only on
the virulence and bacterial load of the agent,
but also on the reaction of the host. The use of
CSs may accelerate symptom resolution and
time to clinical stability in subjects with severe
CAP, but their ultimate effect is still undeter-
mined. Studies evaluating the role of CSs have
low certainty of evidence and included popu-
lations with CAP of various severity and the use
of different CS regimens. In Table 5 we have
reported guideline recommendations on CS use
as adjuvant treatment in subjects with CAP
[31–35]. British Thoracic Society (BTS) [31] and
American Thoracic Society (ATS)/Infectious
Diseases Society of America (IDSA) guidelines
[34] do not routinely recommend the use of CSs
in the absence of respiratory comorbidities,
such as asthma or COPD. The South African
guidelines [33] support the use of CSs in adults
with severe CAP requiring ICU admission unless
the suspicion of influenza, tuberculosis, or a
recent (within the previous 3 months) history of
gastrointestinal bleeding.

Two recent large randomized controlled tri-
als including subjects with severe CAP have also
found contrasting results. The ESCAPe trial [36],
including 586 patients (33% receiving
mechanical ventilation at the time of random-
ization), did not show any difference in 60 day

mortality with CSs (adjusted odds ratio 0.90,
95% CI 0.57–1.40). By contrast, in a French
study [37] including 795 adults, there was a
significantly lower mortality (at 28 days, pri-
mary outcome of the study) in the active group
(intravenous cortisol 200 mg daily for either 4
or 8 days as determined by clinical improve-
ment, followed by tapering for a total of 8 or
14 days) versus the placebo arm (absolute dif-
ference, -5.6%; 95% CI -9.6% to -1.7%;
P = 0.006). The use of CSs has been advocated
in subjects with CAP who have septic shock
and/or a high inflammatory response such as
C-reactive protein (serum C-reactive protein
(CRP)) values[ 15 mg/dL at admission and the
need for invasive mechanical ventilation. Pred-
nisone 50 mg for 5–7 days without tapering is
the most studied regimen, but the optimal
duration of treatment and the right way of
discontinuing it (tapering or not) has not yet
been standardized.

COPD

Chronic obstructive pulmonary disease (COPD)
is a heterogeneous lung condition characterized
by chronic respiratory symptoms and persistent
airflow obstruction. The course of COPD may be
punctuated by acute events, defined exacerba-
tions, that negatively impact on health status,
rates of hospitalization, and disease progression
(3762) . Systemic CSs are commonly used in
acute exacerbations of COPD due to their
effectiveness in shortening the recovery time
and reducing the risk of early relapse and
treatment failure (3762). As presented in

Table 5 Current recommendations for corticosteroid use in community acquired pneumonia

Guideline ATS/IDSA,
33

BTS, 30 SEPAR, 31 SOUTH AFRICAN,
32

ERS/ESICM/ESCMID/ALAT,
34

Drug Do not use Do not use Not

specified

Methylprednisolone Methylprednisolone

Dose 0.5 mg/kg/12 h 0.5 mg/kg/12 h

Duration 5 days 5 days

Year 2019 2009 2010 2017 2023
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Table 6, guidelines recommend the use of CSs
for the management of exacerbations in COPD
patients [38–44]. The best time for first CS
administration is undefined, but probably the
earlier the better. Apart from Thoracic Society of
Australia and New Zealand (TSANZ) guidelines,
which recommend tapering for treatments
longer than 14 days, there is no clear indication
if abrupt withdrawal is appropriate, but larger
RCTs organized in the absence of a tapering
strategy found no difference in recurrences.
Intriguingly, a recent prospective, randomized,
open-label trial has evaluated a personalized
approach in CS dosage (providing a starting
daily dose[ 60 mg for many included subjects)
versus the standard regimen (40 mg daily dose
of prednisolone or equivalent) in 248 in-hospi-
tal patients with COPD exacerbation using
some factors, such as Anthonisen type exacer-
bation, COPD Assessment Test score, previous
CS dose in the last exacerbation, inflammatory
markers (C-reactive protein and eosinophils),
results of blood gas analysis, and weight. Failure
of therapy occurred in 28% of the personalized-
dose group compared with 49% in the fixed-
dose arm (relative risk, 0.40; 95% CI 0.24–0.68;
P\ 0.001) [45].

Another approach to reduce the cumulative
dose of CS for managing exacerbations is driven
by blood eosinophil counts. The open, multi-
center CORTICO-COP RCT including 318 sub-
jects hospitalized for exacerbations that, after
administering a first dose of 80 mg methyl-
prednisolone intravenously on day 1, random-
ized half of participants to a scheme of 37.5 mg

prednisolone per day for 4 days, while the other
arm provided such administration only on days
in which eosinophil counts were[300/mcl.
There was a significant reduction in the cumu-
lative CS total dose in the eosinophil count-led
group (P\ 0.0001), but no differences were
found between the two groups in hospital stay,
mortality, or treatment failure at 30 days [46].
Some practical difficulties persist for the routine
use of blood eosinophil counts to drive CS
treatment of COPD exacerbations. Firstly, vari-
ations in blood eosinophil counts may occur in
hourly samples, used drugs, and exercise or food
habits. Secondly, it may be not easy to take a
daily blood sample at home. Finally, there is no
full agreement on the threshold of blood eosi-
nophil count driving CS treatment.

Asthma

Asthma is a highly prevalent syndrome of
chronic airway inflammation, variability in
respiratory symptoms, and expiratory airflow
limitation. The goal of asthma management is
to achieve disease stability, defined as good
symptom control and reduced risk of exacerba-
tions. Guidelines stratify asthma in five pro-
gressive steps based on treatment intensity [47].
Inhaled corticosteroids (ICSs), at different
dosages, eventually associated with one or more
controllers, are the cornerstone of asthma con-
trol. Approximately 5–10% of patients with
asthma have a disease defined as severe, which
is uncontrolled despite good adherence with
high-dose ICS (see Table 2) plus controllers, or

Table 6 Current recommendations for corticosteroid use in COPD

Guideline
(reference)

GOLD [38] ATS/ERS
[39]

NICE [40] Can Thor Soc
[41]

Japan [42] TSANZ
[43]

GesEPOC
[44]

Drug Prednisolone Prednisone Prednisolone Prednisone or

equivalent

Prednisolone Prednisolone Prednisone

Daily dose in

mg

40 30–40 30 30–50 30–40 30–40 0.5 mg/kg/

die

Duration, days 5 days 10–14 days 5 days 5–10 days 7–10 5 days 5–14 days

Year 2023 2017 2019 2010 2019 2019 2021
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that worsens when high-dose ICS treatment is
decreased. Prolonged use of CSs has long been
the mainstay of treatment for chronic severe
asthma, but their use is currently considered as
a last option when control is not achieved with
standard care [47]. Despite this recommenda-
tion, the occurrence of chronic CS treatment is
relatively common in real life. A retrospective
Korean study among adults with asthma fol-
lowed by specialists found that 2.1% of the
study population had CS-dependent asthma
[48]. A similar percentage of patients with
uncontrolled asthma using regular CSs was also
observed across five countries in the ISAR study
[49]. The use of biologics as an add-on therapy is
now the standard of care for subjects with sev-
ere asthma, despite the use of high-dose ICS
plus controllers [47]. Biologics often permit the
cessation of CSs; when complete CS discontin-
uation is not possible, clinically meaningful
reductions can be achieved. Some recent trials
[50] have formally utilized adrenal function
testing as part of the CS reduction protocol,
introducing an algorithm (a simplified form is
displayed in Fig. 1) for safer withdrawal of CSs.

Patients with asthma sometimes suffer from
exacerbations that may be life-threatening and
cause a further decline in quality of life and
lung function [47]. A severe exacerbation is
defined as acute worsening of asthma requiring
a burst of CSs, an emergency visit, and/or

hospitalization. CSs are effective for treating
asthma exacerbations [47]. Guidelines recom-
mend a 5–7 day course of prednisolone in all
but mildest exacerbations, as reported in Table 7
[47, 52–57]. Tapering is usually not recom-
mended, but prompt administration (within
1 h) is required.

Severe exacerbations are observed in any
stage of asthma, but are more common in sub-
jects with severe asthma, CS-dependent disease,
and history of previous exacerbations [47].
A German study observed that approximately
7–15% of subjects at GINA steps 1–4 and 35% at
step 5 treatment received at least one burst of
CSs annually [58]. A nationwide cohort study in
France reported that 59% of patients with severe
asthma were treated with bursts of CSs, with an
average frequency of 3.3 courses per patient per
year [59]. An Australian report observed that
about 25% of patients with asthma were pre-
scribed CS doses[ 1000 mg of prednisolone
equivalent over a 5 year period [60].

CONCLUSIONS

CSs are very effective, affordable (they are
cheap), and highly accessible (sometimes as
over-the-counter products) with global avail-
ability, but there is increasing evidence that
their use, even for short-burst treatments, can

Table 7 Current guideline recommendations for corticosteroids in severe asthma exacerbations

Guideline
(reference)

GINA
[47]

ATS [54] BTS [53] Swiss [52] NAEPP
[55]

Japan [56] TSANZ
[57]

Drug Prednisone Prednisone Prednisone Prednisone Prednisone prednisone Prednisone

Dose in mg 40 37.5–50 40–50 40–50 40 0.5 mg/kgb 40

Duration Up to

7 days�
7 days Until recovery

(minimum 5 days)

5–7 days Up to

7 daysa
Usually less

than 7 days

5–10 days

Year 2022 2019 2019 2018 2020 2020 2021

aIn patients failing to respond to inhaler therapy escalation over 3 days, for those who rapidly deteriorate, or for people with
a history of brittle exacerbations. Severe exacerbation is objectively characterized by respiratory rate[ 30/min, heart
rate[ 120/min, PEF\ 50% pred or best, SpO2\ 90%, or use of accessory respiratory muscles. A life-threatening event
additionally shows drowsiness, mental confusion, or a silent chest
bIn an emergency intravenous drip infusion of 200–500 mg of cortisol or 40–80 mg of methylprednisolone every 4–6 h as
needed is possible until passage to oral formulations
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give common and severe adverse effects Note-
worthy, there is no clear relationship between
cumulative dosage of CS therapy and adverse
effects. Possibly age, comorbidities, and indi-
vidual susceptibility are relevant variables that
can influence CS toxicity. Nevertheless, effec-
tive and safe treatment with CSs is a challenge,
largely recognized by patients and physicians,
which forces clinicians to continuously review
and balance the risks and benefits of treatment.
Discontinuation or minimization of cumulative
doses should always be attempted [61]. In a
consensus statement, a reduction in pred-
nisolone of at least 5 mg (2.5 mg if the starting
dose was B 10 mg/day) per day was considered
as clinically meaningful [8]. Recent studies are
increasing our knowledge on HPA axis function
and the risk of its suppression after CS treat-
ment. Meanwhile, carefully monitoring the
patient to detect early abnormalities (i.e., fluid
retention, hyperglycemia, increase in blood
pressure) and accordingly treat them is always
required. We have tried to give indications on
the minimally effective dosage of CS treatment
in adults for the most common respiratory dis-
eases, also including (when available) timing of
starting schedule, type of drug, duration, and
dose tapering. Future research should select
patients who are most likely to show a benefit of
CS treatment, and personalized dosages driven
by clinical and laboratory biomarkers. When
oral administration is feasible, intravenous or
intramuscular use does not offer any advantage
over oral CS therapy. Although some molecules
are preferentially used in studies, there is no
direct head-to-head comparison of different
CSs. At the moment, there are few (if any)
clinical reasons to prefer a certain CS, although
available molecules differ in relative potencies,
pharmacodynamics, and pharmacokinetics.
Queries remain open, not only on the choice of
the CS, but also on the dosing, timing, and
duration of treatment [17, 51].
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