
Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Critical Care Medicine www.ccmjournal.org     1

DOI: 10.1097/CCM.0000000000006172

Copyright © 2024 by the Society of 
Critical Care Medicine and Wolters 
Kluwer Health, Inc. All Rights 
Reserved.

Dipayan Chaudhuri, MD, MSc, 
FRCPC1,2

Andrea M. Nei, PharmD, FCCM3

Bram Rochwerg, MD, MSc, 
FRCPC, FCCM1,2

Robert A Balk, MD, MCCM4

Karim Asehnoune, MD5

Rhonda Cadena, MD, FNCS, 
FCCM6

Joseph A. Carcillo, MD7

Ricardo Correa, MD8

Katherine Drover, BHSc9

Annette M. Esper, MD, MSc10

Hayley B. Gershengorn, MD, 
ATSF, FCCM11,12

Naomi E. Hammond, RN, BN, MN, 
MPH, PhD13,14

Namita Jayaprakash, MB, MD, 
BcH, BAO15,16

Kusum Menon, MD, MSc17,18

Lama Nazer, PharmD, FCCM19

Tyler Pitre, MD1,2

Zaffer A. Qasim, MD20

James A. Russell, MD21

Ariel P. Santos, MD, MPH, FCCM22

Aarti Sarwal, MD, FCCM, FAAN, 
FNCS, RPNI23

Joanna Spencer-Segal, MD, PhD24

Nejla Tilouche, MD25

Djillali Annane, MD, PhD 
(Chair)26,27,28

Stephen M. Pastores, MD, MACP, 
FCCP, FCCM (Chair)29

ONLINE SPECIAL ARTICLE

2024 Focused Update: Guidelines on Use of 
Corticosteroids in Sepsis, Acute Respiratory 
Distress Syndrome, and Community-Acquired 
Pneumonia
RATIONALE: New evidence is available examining the use of corticosteroids 
in sepsis, acute respiratory distress syndrome (ARDS) and community-acquired 
pneumonia (CAP), warranting a focused update of the 2017 guideline on critical 
illness-related corticosteroid insufficiency.

OBJECTIVES: To develop evidence-based recommendations for use of cortico-
steroids in hospitalized adults and children with sepsis, ARDS, and CAP.

PANEL DESIGN: The 22-member panel included diverse representation from 
medicine, including adult and pediatric intensivists, pulmonologists, endocrinol-
ogists, nurses, pharmacists, and clinician-methodologists with expertise in de-
veloping evidence-based Clinical Practice Guidelines. We followed Society of 
Critical Care Medicine conflict of interest policies in all phases of the guideline 
development, including task force selection and voting.

METHODS: After development of five focused Population, Intervention, Control, 
and Outcomes (PICO) questions, we conducted systematic reviews to identify 
the best available evidence addressing each question. We evaluated the certainty 
of evidence using the Grading of Recommendations Assessment, Development, 
and Evaluation approach and formulated recommendations using the evidence-
to-decision framework.

RESULTS: In response to the five PICOs, the panel issued four recommendations 
addressing the use of corticosteroids in patients with sepsis, ARDS, and CAP. These 
included a conditional recommendation to administer corticosteroids for patients with 
septic shock and critically ill patients with ARDS and a strong recommendation for use 
in hospitalized patients with severe CAP. The panel also recommended against high 
dose/short duration administration of corticosteroids for septic shock. In response to 
the final PICO regarding type of corticosteroid molecule in ARDS, the panel was un-
able to provide specific recommendations addressing corticosteroid molecule, dose, 
and duration of therapy, based on currently available evidence.

CONCLUSIONS: The panel provided updated recommendations based on cur-
rent evidence to inform clinicians, patients, and other stakeholders on the use of 
corticosteroids for sepsis, ARDS, and CAP.

KEYWORDS: Acute Respiratory Distress Syndrome; Grading of 
Recommendations Assessment, Development, and Evaluation; community-
acquired pneumonia; corticosteroids; critical illness; development; dose-
response; glucocorticoids; grading of recommendations assessment; guidelines; 
mineralocorticoids; sepsis; septic shock

Dysregulated inflammatory response is common in acutely ill patients 
requiring hospitalization. Corticosteroids are hypothesized to be ben-
eficial via their broad anti-inflammatory mechanisms. In 2008, a 
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multispecialty task force of international experts in crit-
ical care medicine and endocrinology from the mem-
bership of the Society of Critical Care Medicine (SCCM) 
and European Society of Intensive Care Medicine intro-
duced the term critical illness-related corticosteroid 
insufficiency (CIRCI) (1). CIRCI is a state of systemic 
inflammation with associated dysregulation of the hy-
pothalamus–pituitary–adrenal axis, altered cortisol me-
tabolism, and tissue glucocorticoid resistance (2). This 
taskforce provided updated guidelines in 2017, issuing 
recommendations for the diagnosis of CIRCI and man-
agement of eight clinical conditions (3, 4). As new stud-
ies examining the use of corticosteroids in the acutely ill 
have been published, there is a need to update recom-
mendations inclusive of recent evidence, especially for 
the most common of conditions.

Given this need, the SCCM reconvened a panel of 
international experts to provide updated evidence- 
based recommendations addressing the use of corti-
costeroids in the management of acutely ill patients 
requiring hospitalization. The panel sought to pro-
vide recommendations in both adult and pediatric 
patient populations, as appropriate, based on avail-
able evidence. The guideline update focused on sepsis, 
acute respiratory distress syndrome (ARDS), and 
community-acquired pneumonia (CAP), which were 
prioritized as the most common diagnoses in which 
corticosteroids are considered and those with suffi-
cient new data that reevaluation was warranted. Past 
guideline recommendations related to the definition 
and diagnosis of CIRCI were not addressed in this fo-
cused update.

METHODOLOGY

Scope and Panel Composition

The SCCM appointed chairs (S.P., D.A.) and co-vice chairs 
(R.B., A.N.), who along with two clinician methodolo-
gists (D.C., B.R.) and methodology team members (T.P., 
K.D.) from the Guidelines in Intensive Care Development 
and Evaluation group, collaborated with a panel of 22 
experts in corticosteroids and critical illness, to update 
the previous SCCM/ESICM CIRCI 2017 guidelines (4) 
(Supplemental Digital Content 1, http://links.lww.com/
CCM/H475). Two of the 22 panel members were endo-
crinologists recommended by the Endocrine Society. 
There were 20 voting members of the panel. Methodology 
team members (D.C., B.R., T.P., K.D.) participated in 

data abstraction and analysis and attended panel discus-
sions but did not participate as part of the panel in vot-
ing on recommendations. We developed the guideline 
using the Grading of Recommendations, Assessment, 
Development, and Evaluation (GRADE) methodology 
(5). For this focused update, funding, logistic, and mate-
rial support was provided solely by SCCM. None of the 
authors or methodologists received direct financial sup-
port to develop this guideline.

Conflict of Interest (COI) Policy

We collected all financial and intellectual COIs from 
panel members according to the American College 
of Critical Care Medicine/SCCM Standard Operating 
Procedures, which were reviewed and managed by 
SCCM (Supplemental Digital Content 2, http://links.
lww.com/CCM/H475). A guideline chair and panel 
participant (D.A.) disclosed academic conflicts of in-
terest. He participated in the discussion for cortico-
steroids in sepsis but abstained from voting on final 
recommendations pertaining to corticosteroids in 
sepsis and septic shock.

Question Development and Outcome 
Prioritization

Following initial discussions, we identified five action-
able Patients, Intervention, Comparator, Outcomes 
(PICO) questions related to the use of corticosteroids in 
critical illness (Table 1, Supplemental Digital Content 
3, http://links.lww.com/CCM/H475). These PICO ques-
tions were largely derived and slightly modified from 
the PICO questions of the 2017 guidelines. The panel 
also generated a list of outcomes that were prioritized 
based on perceived patient importance (Supplemental 
Digital Content 4, http://links.lww.com/CCM/H475) 
(6). Unfortunately, due to limited data reported in the 
included studies, we were unable to include all out-
comes generated by the panel (for a list of prioritized 
outcomes, see evidence summaries in Supplemental 
Digital Content 9, http://links.lww.com/CCM/H475).

Systematic Review and Meta-Analysis

Working with a medical librarian, we conducted sys-
tematic reviews of the literature to identify studies rele-
vant to each of the five PICO questions (Supplemental 
Digital Content 5, http://links.lww.com/CCM/H475). 
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Four of the five PICO questions (those related to ARDS 
and sepsis) had recent systematic reviews conducted 
by co-authors of this guideline and thus only required 
updated searches (7, 8). Using Covidence, a systematic 
review management software, a team of reviewers (D.C., 
T.P., K.D.) screened titles and abstracts and subsequently 
full-text manuscripts independently and in duplicate. We 
performed data extraction and risk of bias assessment in-
dependently and in duplicate for each included trial as per 
standard systematic review methodology (Supplemental 
Digital Content 6, http://links.lww.com/CCM/H475). 
We used Revman, v.5.3, software for pooled analysis, in-
verse variance weighting and random effects models. We 
performed assessment of the certainty in the evidence for 
each question and outcome using GRADE methodology 
(5) and generated evidence profiles using GRADEPro 
Guideline Development Tool (www.gradepro.org, 
Supplemental Digital Content 7, http://links.lww.com/
CCM/H475). We used the Instrument for assessing the 
Credibility of Effect Modification Analyses (ICEMAN) 
tool to establish the credibility of any subgroup effects (9).

Formulation of Recommendations

We developed recommendations using the GRADE 
Evidence-to-Decision (10) framework, which 

considers the certainty in the evidence, the balance 
between desirable and undesirable effects (positive 
effects and negative effects), patient values and pref-
erences, resource use, health equity, acceptability, 
and feasibility. We designated recommendations 
as strong (using the phrasing “we recommend”) 
or conditional (using the phrasing “we suggest”). 
Table 2 describes the implications of the strength 
of a recommendation. After data analysis and panel 
discussion, the panel elected to not provide a spe-
cific recommendation related to the PICO question 
that addressed corticosteroid molecules in ARDS. 
Elaboration on panel discussions is provided in the 
rationale below.

Voting Process

Panel members reviewed and approved all recommen-
dations and rationales by a formal web-based vote. 
Panel members unable to join the teleconferences due 
to time zone differences were expected to review the 
recordings of the teleconferences and provided oppor-
tunity for input electronically. We defined consensus as 
80% agreement among at least 75% of panel members 
(Supplemental Digital Content 8, http://links.lww.
com/CCM/H475).

TABLE 1.
Population, Intervention, Control, and Outcomes Questions

Population Intervention Comparison Outcomes 

Should corticosteroids be administered to hospitalized patients with sepsis?

All adult and pediatric 
patients with sepsis

Corticosteroids Placebo or no 
corticosteroids

Supplemental Digital Content 4 
(http://links.lww.com/CCM/H475)

If patients with sepsis are administered corticosteroids, should high dose/short duration or low dose/long duration be used?

All adult and pediatric 
patients with sepsis

High dose/short duration Low dose/long duration Supplemental Digital Content 4 
(http://links.lww.com/CCM/H475)

Should corticosteroids compared with no corticosteroids be used in patients with ARDS?

All adult and pediatric 
patients with ARDS

Corticosteroids Placebo or no 
corticosteroids

Supplemental Digital Content 4 
(http://links.lww.com/CCM/H475)

Should methylprednisolone be used over other corticosteroids in patients with ARDS?

All adult and pediatric 
patients with ARDS

Methylprednisolone Dexamethasone, 
hydrocortisone

Supplemental Digital Content 4 
(http://links.lww.com/CCM/H475)

Should corticosteroids be administered to hospitalized patients with CAP?

All adult and pediatric 
patients with CAP

Corticosteroids Placebo or no 
corticosteroids

Supplemental Digital Content 4 
(http://links.lww.com/CCM/H475)

ARDS = Acute Respiratory Distress Syndrome, CAP = community-acquired pneumonia.
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RECOMMENDATIONS

The panel generated four recommendations which are 
summarized in Table 3. Panel recommendations per-
tain to adult patients. We were unable to make specific 
recommendations in the pediatric population due to 
limited available studies.

Corticosteroids in Sepsis and Septic Shock

Recommendation. 
 1A)  We “suggest” administering corticosteroids to adult 

patients with septic shock (conditional recommendation, 
low certainty).

 1B)  We “recommend against” administration of high dose/
short duration corticosteroids (> 400 mg/d hydrocortisone 
equivalent for < 3 d) for adult patients with septic shock 
(strong recommendation, moderate certainty).

Remark. We make no recommendation for cortico-
steroid use in pediatric patients with sepsis.

Rationale. 
Evidence Summary. A total of 46 randomized con-

trol trials (RCTs) (11–56) compared corticosteroids 

to placebo or standard care in patients with sepsis or 
septic shock. Overall, seven trials included patients 
with sepsis (21, 24, 33, 48, 50, 51, 53), five included 
patients with CAP and sepsis (14, 28, 35, 38, 46), an-
other four included patients with ARDS and sepsis (22, 
26, 32, 44) and the remainder included patients with 
septic shock. Six trials examined pediatric patients (16, 
17, 29, 37, 47, 54), one included both adults and chil-
dren (15), whereas the remainder included only adults. 
Trials varied in type of corticosteroid used, dosage and 
duration of therapy. See Supplemental Digital Content 
9A (http://links.lww.com/CCM/H475) for the GRADE 
evidence profile and characteristics of included trials.

Corticosteroid use may reduce hospital/long-term 
mortality (from 60 d to 1 yr) (relative risk [RR] 0.94; 
95% CI, 0.89–1.00, low certainty) and probably reduces 
ICU/short-term mortality (14–30 d) (RR 0.93; 95% CI, 
0.88–0.98, moderate certainty) in patients with sepsis 
or septic shock. Subgroup analysis based on cortico-
steroid type, duration of therapy, or corticosteroid dos-
age did not demonstrate any credible subgroup effects. 
Subgroup analysis comparing sepsis and septic shock 

TABLE 2.
Grading of Recommendations Assessment, Development, and Evaluation Classification of 
Strengths of Recommendations and Their Implications

Implications 
for… 

Strong Recommendation 
“We recommend…” 

Conditional Recommendation 
“We suggest…” 

Desirable effects of intervention  
clearly outweigh undesirable  

effects, or clearly do not.

Trade-offs are less certain, either because of 
low-quality evidence or because evidence  

suggests desirable and undesirable  
effects are closely balanced.

… patients Most individuals in this situation would want the 
recommended course of action, and only a 
small proportion would not.

The majority of individuals in this situation would want 
the suggested course of action, but many would 
not

… clinicians Most individuals should receive the recommended 
course of action. Adherence to this recom-
mendation according to the guideline could 
be used as a quality criterion or performance 
indicator. Formal decision aids are not likely to 
be needed to help individuals make decisions 
consistent with their values and preferences.

Different choices are likely to be appropriate for differ-
ent patients, and therapy should be tailored to the 
individual patient’s circumstances. Those circum-
stances may include the patient or family’s values 
and preferences

… policymakers The recommendation can be adapted as policy 
in most situations, including for use as 
performance indicators.

Policymaking will require substantial debates and 
involvement of many stakeholders. Policies are also 
more likely to vary between regions. Performance 
indicators would have to focus on the fact that 
adequate deliberation about the management 
options has taken place
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showed no interaction for short-term mortality (p 
value for subgroup interaction = 0.08). Corticosteroids 
may reduce ICU (mean difference [MD] 0.60 d fewer; 
95% CI, 1.48 d fewer to 0.27 d more, low certainty) and 
hospital (MD 0.74 d fewer; 95% CI, 2.06 d fewer to 0.57 
d more, low certainty) length of stay. Corticosteroid 
use may increase neuromuscular weakness (RR 1.21; 
95% CI, 1.01–1.45, low certainty), probably increase 
hypernatremia (RR 1.64; 95% CI, 1.32–2.03, mod-
erate certainty) and hyperglycemia (RR 1.13; 95% CI, 
1.08–1.18, moderate certainty) and may reduce neu-
ropsychiatric effects (RR 0.58; 95% CI, 0.33–1.03, low 
certainty). There is an uncertain effect on gastrointes-
tinal (GI) bleeding (very low certainty), superinfec-
tion (very low certainty), stroke (very low certainty), 

and myocardial infarction (very low certainty). The 
use of corticosteroids results in higher rates of shock 
reversal (RR 1.24; 95% CI, 1.11–1.38, high certainty) 
and reduced organ dysfunction (MD 1.41 points lower 
Sequential Organ Failure Assessment score; 95% CI, 
0.96 points lower to 1.87 points lower, high certainty) 
at 7 days.

Evidence to Recommendation. The panel felt that 
corticosteroids offered small to moderate desirable 
effects, particularly in patients with septic shock. 
Although the effect sizes for short- and long-term 
mortality were not as large as those for CAP or ARDS, 
the reduction in organ dysfunction and shock reversal 
have important implications from a hospital resource 
perspective. Further given the high prevalence and 

TABLE 3.
Summary of Recommendationsa

Recommendation 2024 
Recommendation Strength, 

Quality of Evidence 
Comparison to 2017 
Recommendations 

Sepsis and septic shock

  1A. We “suggest” administering corticosteroids to 
adult patients with septic shock

Conditional recommendation, 
low certainty evidence

We suggest against corticosteroid 
administration in adult patients 
with sepsis without shock (condi-
tional recommendation, moderate 
quality of evidence)

  1B. We “recommend against” administration of 
high dose/short duration corticosteroids (> 
400 mg/d hydrocortisone equivalent for less 
than 3 d) for adult patients with septic shock 
(strong recommendation, low certainty)

Strong recommendation, mod-
erate certainty evidence

We suggest using corticosteroids in 
patients with septic shock that is not 
responsive to fluid and moderate- 
to high-dose vasopressor therapy 
(conditional recommendation, low 
quality of evidence)

Acute respiratory distress syndrome

  2A. We “suggest” administering corticosteroids to 
adult hospitalized patients with acute respiratory 
distress syndrome

Conditional recommenda-
tion, moderate certainty 
evidence

We suggest use of corticosteroids 
in patients with early moderate to 
severe acute respiratory distress 
syndrome (Pao2/Fio2 of < 200 
and within 14 d of onset) (condi-
tional recommendation, moderate 
quality of evidence)

Community-acquired bacterial pneumonia

  3A. We “recommend” administering corticoste-
roids to adult patients hospitalized with severe 
bacterial community-acquired pneumonia

Strong recommendation, mod-
erate certainty evidence

We suggest use of corticoste-
roids for 5–7 d at a daily dose 
< 400 mg IV hydrocortisone or 
equivalent in hospitalized patients 
with community-acquired pneu-
monia (conditional recommenda-
tion, moderate quality of evidence)

  3B. We make “no recommendation” for administer-
ing corticosteroids for adult patients hospital-
ized with less severe bacterial  
community-acquired pneumonia

No recommendation

aRemark: We make no recommendation for corticosteroid use in pediatric patients with sepsis and septic shock, acute respiratory 
distress syndrome, and community-acquired pneumonia.
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mortality of septic shock worldwide (57, 58), even 
a smaller relative effect can translate to large abso-
lute effects. Undesirable effects are anticipated to be 
small. Adverse effects such as neuromuscular weak-
ness, hypernatremia, and hyperglycemia were defined 
variably across studies and thus their true impacts on 
patients are unclear, especially long term. However, 
given the importance of neuromuscular weakness as 
a patient-centered outcome, even a small increase in 
this outcome may be important. The panel also noted 
that corticosteroids seemed to be protective for neuro-
psychiatric effects. Although there is some signal to-
ward using corticosteroids for psychiatric conditions 
(59–61), further study is needed. Overall, the panel felt 
the balance of effects probably favored corticosteroid 
use in patients with septic shock, driven by the small to 
moderate desirable effects and the uncertainty in un-
desirable effects.

One study (62) found that hydrocortisone in 
septic shock had no effect on long-term costs or cost- 
effectiveness based on data from the ADRENAL trial 
(49). However, this study only used data from one of the 
46 RCTs that enrolled patients with septic shock in New 
Zealand. Corticosteroids are known to be inexpensive, 
and if their use translates into a reduced need for organ 
support, and reduced lengths of stay, these would be im-
portant factors in reducing healthcare costs with sepsis. 
The panel felt that use of corticosteroids was feasible and 
acceptable to healthcare providers.

Special Considerations. The 2017 SCCM/ESICM 
guideline recommended use of corticosteroids in 
patients with septic shock that is not responsive to 
fluid and moderate- to high-dose vasopressor therapy 
(4). This panel decided that the evidence shows ben-
efit of corticosteroids in patients with septic shock 
requiring vasopressors, regardless of dose (12, 49, 63). 
Subgroup analysis considering contemporaneous stud-
ies as compared with more historical studies which 
used over 400 mg/day of hydrocortisone equivalent for 
less than 3 days do not support the use of this high 
dose/short duration regime given the risk of adverse 
effects, thereby substantiating the panel’s recommen-
dation against these regimens. Recommendations for 
corticosteroid use in sepsis have uncertain generaliza-
bility to children as there were limited studies available 
evaluating this population. Although the panel did not 
make a specific recommendation regarding cortico-
steroid use in sepsis without shock, if patients present 

with sepsis and severe CAP or sepsis with ARDS, we 
suggest administering corticosteroids as per respective 
recommendations. Based on available data, the panel 
did not recommend a specific corticosteroid or dos-
ing regimen. The most common doses used in studies 
evaluating patients with septic shock are IV hydrocor-
tisone 200–300 mg/d, in divided doses or as a contin-
uous infusion, for 5–7 days, with or without a taper 
(Table 4; and Supplemental Digital Content 9A, http://
links.lww.com/CCM/H475). Some studies included 
fludrocortisone 50 µg enterally daily, in addition to 
hydrocortisone. A patient-level meta-analysis of RCTs 
(63) using low-dose hydrocortisone in adult patients 
with septic shock suggests a mortality benefit in regi-
mens that combined fludrocortisone with hydrocor-
tisone versus hydrocortisone alone. The credibility of 
the subgroup finding is unclear, and our analysis did 
not show a difference based on mineralocorticoid po-
tency, thus no specific recommendations on use of 
fludrocortisone were made.

Corticosteroids in Acute Respiratory Distress 
Syndrome

Recommendations. 
 2A)  We “suggest” administering corticosteroids to adult crit-

ically ill patients with ARDS (conditional recommenda-
tion, moderate certainty).

Remark. We make no recommendation for cortico-
steroid use in pediatric patients with ARDS.

Rationale. 
Evidence Summary. Eighteen RCTs (22, 26, 32, 44, 

64, 65, 69–76) compared corticosteroids to placebo or 
standard care in adult hospitalized patients with ARDS. 
Twelve (67%) of the RCTs included patients with 
American-European Consensus Conference or Berlin 
Conference criteria for ARDS (22, 26, 32, 44, 64, 65, 69, 
72–76), and 6 (33%) included patients with COVID-19 
(70, 71, 75). Trials varied in type of corticosteroid used, 
corticosteroid initiation time, dosage, and duration of 
therapy. See Supplemental Digital Content 9B (http://
links.lww.com/CCM/H475) for the GRADE evidence 
profile and characteristics of included trials.

Corticosteroid use probably reduces 28-day mor-
tality (RR 0.82; 95% CI, 0.72–0.95, moderate certainty) 
in critically ill patients with ARDS. Subgroup analysis 
based on COVID-19 status, corticosteroid type, dosage, 
and initiation time did not demonstrate any credible 
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subgroup effects. Patients who received a longer course 
of corticosteroids (> 7 d) had higher rates of survival 
than those who received a shorter course (7 d or less) (p 
value for subgroup interaction = 0.04, moderate credi-
bility). The use of corticosteroids may lead to fewer days 
of mechanical ventilation (low certainty) and a shorter 
hospital length of stay (low certainty). There was an un-
certain effect on ICU length of stay (very low certainty), 
neuromuscular weakness (very low certainty) and GI 
bleeding (low certainty) with corticosteroids. There was 
probably an increase in hyperglycemia (RR 1.11; 95% 
CI, 1.01–1.23, moderate certainty).

Evidence to Recommendation. The panel decided 
that corticosteroids offered moderate desirable effects, 
driven primarily by moderate certainty evidence that 
corticosteroids reduce mortality and low certainty ev-
idence that they reduce hospital length of stay and du-
ration of mechanical ventilation. Ongoing uncertainty 
was driven by the fact that a few small positive trials 
had a large contribution to the overall positive effect 
of corticosteroids, lack of long-term outcome data, 
and that half of the included patients had COVID-19 
ARDS. The undesirable effects of short-term cortico-
steroids remain largely unknown and need further 

TABLE 4.
Corticosteroid Dosing Regimens

Disease State Common Corticosteroid Regimens 

Septic shock Hydrocortisone 200 mg IV per day (continuous infusion or divided every 6 hr) with or without 
fludrocortisone 50 µg enteral daily for 7 d or until ICU dischargea

ARDS Early ARDS (within 24 hr)
 Dexamethasone 20 mg IV daily for 5 d, then 10 mg IV daily for 5 d until extubation (64)

Early ARDS (within 72 hr) (65)
 Methylprednisolone 1 mg/kg IV bolus, then
 • Days 1–14: 1 mg/kg/d continuous infusion
 • Days 15–21: 0.5 mg/kg/d
 • Days 22–25: 0.25 mg/kg/d
 • Days 26–28: 0.125 mg/kg/d
 • If extubated between days 1 and 15 then advance to day 15 of regimen

Unresolving ARDS (7–21 d) (26)
 Methylprednisolone 2 mg/kg IV bolus, then
 • Days 1–14: 2 mg/kg/d divided every 6 hr
 • Days 15–21: 1 mg/kg/d
 • Days 22–28: 0.5 mg/kg/d
 • Days 29–30: 0.25 mg/kg/d
 • Days 31–32: 0.125 mg/kg/d
 • If extubated before day 14, then advance to day 15 of regimen drug therapy

Severe community-acquired 
bacterial pneumonia

Hydrocortisone 200 mg IV once, then 10 mg/hr IV infusion for 7 d (14, 66)

Hydrocortisone 200 mg IV daily (for 4 or 8 d based on clinical improvement), then taper (for a 
total duration of 8 or 14 d duration) (67)

 • Hydrocortisone discontinued on ICU discharge

Methylprednisolone 0.5 mg/kg IV every 12 hr for 7 d (within 36 hr of hospital admission, 
C-reactive protein >150 mg/L) (46)

Methylprednisolone 40 mg IV bolus, then
 • Days 1–7: 40 mg/d
 • Days 8–14: 20 mg/d
 • Days 15–17: 12 mg/d
 • Days 18–20: 4 mg/d
 •  Administered via continuous infusion in ICU, then changed two divided bid, via IV or 

enteral, after ICU discharge (68)

aDuration varies; regimens used in largest and most recent randomized studies (12, 49).
Complete list of corticosteroid regimens included in studies available in Supplemental Digital Content 9 (http://links.lww.com/CCM/H475).
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study. Although corticosteroids probably increase hy-
perglycemia, it was variably defined across studies, can 
be managed short-term with pharmacologic interven-
tion, and the longer-term effects of hyperglycemia are 
uncertain. Furthermore, the effects on GI bleeding, 
neuromuscular weakness, secondary infections, and 
neuropsychiatric effects remain unclear. Overall, the 
panel felt that the balance of favorable and unfavorable 
effects probably favored the use of corticosteroids in 
ARDS.

There were no studies examining the cost- 
effectiveness of corticosteroids in ARDS. The panel felt 
that there may be short-term cost savings given the de-
crease in duration of mechanical ventilation but po-
tential long-term costs, given the potential increase in 
neuromuscular weakness and other undesirable effects 
of corticosteroids. The panel felt that corticosteroid 
use would be feasible and acceptable to healthcare 
providers.

Special Considerations. As with sepsis, recommen-
dations for corticosteroid use in ARDS have uncer-
tain generalizability to children as there were no RCTs 
available in this population. The 2017 SCCM/ESICM 
guidelines had previously recommended giving meth-
ylprednisolone 1 mg/kg/d within 14 days of the diag-
nosis of moderate to severe ARDS (Pao2/Fio2 ratio of < 
200) (4). This panel, based on pooled estimates which 
also included patients with ARDS from COVID-19, 
decided to remove the qualifier based on Pao2/Fio2 
ratio from the most recent recommendation. Further, 
updated analysis did not demonstrate a differential 
effect based on corticosteroid timing or type or dos-
age [including in direct head-to-head comparisons 
(77, 78). Given there were no subgroup effects, a spe-
cific recommendation was not made for corticosteroid 
molecules (methylprednisolone or other). Method of 
administration (intermittent vs continuous) was in-
cluded in our corticosteroid dosing regimen (Table 4) 
but not specifically addressed further due to small 
sample size of patients who received continuous inter-
ventions. The panel recognized that multiple dosing 
strategies are acceptable and specific choices are bet-
ter left to clinician discretion and other considerations, 
pending further data. Dosing regimens range from 
40 mg/d to 2 mg/kg/d IV methylprednisolone equiv-
alent with a common duration ranging from 7 to 30 
days. Methylprednisolone, dexamethasone, and hy-
drocortisone with or without fludrocortisone are the 

most common corticosteroid molecules included in 
RCTs. Common dosing regimens used in RCTs are in-
cluded in Table 4, with a complete list of corticosteroid 
regimens listed in Supplemental Digital Content 9B 
(http://links.lww.com/CCM/H475).

Corticosteroids in Community-Acquired 
Pneumonia

Recommendations. 
 3A)  We “recommend” administering corticosteroids to adult 

patients hospitalized with severe bacterial CAP (strong 
recommendation, moderate certainty).

 3B)  We “make no recommendation” for administering corti-
costeroids for adult patients hospitalized with less severe 
bacterial CAP.

Remark. We make no recommendation for cortico-
steroid use in pediatric patients with CAP.

Rationale. 
Evidence Summary. Eighteen RCTs compared cor-

ticosteroids to no corticosteroids in adult hospitalized 
patients with suspected or probable bacterial CAP, in-
cluding severe and less severe disease (79). Severe CAP 
was classified as severe if 50% or more of participants 
had severe pneumonia (Pneumonia Severity Index of 
IV or V, Confusion, urea nitrogen, respiratory rate-65 
scores of ≥ 3, confusion, oxygenation, respiratory and 
blood pressure scores of ≥ 22, or systolic blood pressure, 
multilobar chest radiography, albumin, respiratory rate, 
tachycardia, confusion, oxygenation, arterial pH scores 
of ≥ 4) or if most patients were admitted to the ICU at the 
time of randomization or required IV continuous va-
sopressor therapy (Supplemental Digital Content 9C,  
http://links.lww.com/CCM/H475). Overall, 10 trials 
were classified as severe disease (14, 35, 46, 66–68, 80–
83) and 8 trials as less-severe disease (38, 84–90) and 
within-study subgroup data were available from two 
trials addressing severity (38, 88).

In patients with severe CAP, corticosteroids prob-
ably reduce hospital mortality (RR 0.62; 95% CI, 0.45–
0.85; moderate certainty), an effect not seen in less 
severe CAP (RR 1.08; 95% CI, 0.83–1.42; low certainty) 
(subgroup interaction based on severity p = 0.01, mod-
erate credibility as assessed using the ICEMAN tool). 
There was also a subgroup effect on mortality based on 
corticosteroid molecule (subgroup interaction based 
on corticosteroid p < 0.001, moderate/low credibility 
as assessed using the ICEMAN tool).
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In all hospitalized patients with CAP (severe and 
less severe), corticosteroids probably reduce need for 
invasive mechanical ventilation (moderate certainty) 
and may decrease duration of ICU (low certainty) and 
hospital stay (low certainty). For outcomes other than 
mortality, there was no subgroup effect based on se-
verity or corticosteroid molecule.

In all patients hospitalized with CAP, corticoste-
roids probably increase the risk of hyperglycemia 
(moderate certainty), may increase secondary infec-
tions (low certainty), but have uncertain effects on 
GI bleeding (low certainty). See Supplemental Digital 
Content 9C (http://links.lww.com/CCM/H475) for ev-
idence profile.

Evidence to Recommendation. There was general 
agreement among the panel for a credible subgroup 
effect demonstrating a large desirable treatment 
effect of corticosteroid use for patients with severe 
CAP with less magnitude of benefit in less severe 
CAP. Given this subgroup effect, the panel decided to 
make separate recommendations for severe and non-
severe CAP. Undesirable effects are anticipated to be 
small across severity of illness. Although hypergly-
cemia was increased with corticosteroids, due to var-
iable definitions across studies, the impact of this as 
a patient-centered outcome is unclear. Despite an in-
crease in secondary infections, the panel was reassured 
by no negative impact on clinical outcomes such as  
ventilator-free days or length of stay. As with the pre-
vious recommendations, the panel acknowledged a 
degree of uncertainty that still exists due to the lack 
of systematic evaluation of adverse effects and the risk 
of amplification of adverse effects not seen in RCTs. 
Overall, the panel felt that the balance of beneficial 
and undesirable effects favors giving corticosteroids 
to patients with more severe CAP but was uncer-
tain in patients with less severe CAP. This judgment 
was also driven in part by the recent publication of 
the Community-Acquired Pneumonia: Evaluation of 
Corticosteroids (CAPE COD) trial, the largest RCT 
on the topic, which represented approximately 35% 
of the severe CAP subgroup patients and showed a 
strong mortality benefit with the use of corticosteroids 
(67). Corticosteroids are inexpensive and widely avail-
able, which could possibly improve equity compared 
with more expensive interventions. Of note, 2 of the 
18 RCTs included in our analysis were done in low- to 
middle-income countries (35, 66).

Evidence informing cost-effectiveness of systemic 
corticosteroids in CAP is lacking. One study suggests 
cost savings associated with administration of cortico-
steroids and a more pronounced benefit in those with 
severe CAP (91). Overall use of corticosteroids was felt 
to be acceptable and feasible.

Definitions for severe CAP and use of risk stratifica-
tion scores are variable across RCTs and remain an area 
of study (study severity assignment for meta-analysis 
included in Supplemental Digital Content 9C, http://
links.lww.com/CCM/H475). Table 5 includes examples 
of available risk stratification scores, or criteria used in 
RCTs. Although the panel considered a conditional rec-
ommendation against corticosteroids in less severe dis-
eases, we ultimately did not achieve consensus on this, 
given some endpoints suggested benefits, albeit of lower 
magnitude and in more subjective outcomes. Further 
RCTs evaluating the role of corticosteroids in patients 
with less severe CAP are urgently needed.

Special Considerations. As with sepsis and ARDS, 
the panel was unable to make any statements on the 
use of corticosteroids in CAP in children based on the 
lack of RCTs on this topic. The recommendation for 
bacterial CAP does not require microbiologic con-
firmation, but rather refers to patients that have high 
clinical suspicion for bacterial pneumonia treated with 
empiric antibiotics. Further, globally CAP has vari-
able microbiology, thus it is uncertain if corticosteroid 
effects are generalizable to other etiologies of CAP.

The 2017 SCCM/ESICM guideline recommended 
corticosteroids for 5–7 days at a daily dose < 400 mg IV 
hydrocortisone or equivalent. The current evidence did 
not demonstrate a differential effect based on cortico-
steroid duration and showed a possible subgroup inter-
action on mortality based on corticosteroid molecule; 
however, this analysis included both severe and non-
severe CAP. The updated recommendation recognizes 
that multiple dosing strategies are acceptable for severe 
CAP and likely related to clinician discretion, pending 
further data. Typical doses range from 40 to 80 mg/d 
IV methylprednisolone equivalent for a duration of 5–7 
days, with one study including a prolonged taper over 20 
days, and one guided by clinical criteria for 8 or 14 days 
(actual median [interquartile range] duration 5 (68) d). 
Example dosing regimens for severe CAP used in RCTs 
are provided in Table 3 and a complete list of regimens 
is included in Supplemental Digital Content 9C (http://
links.lww.com/CCM/H475).



Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Chaudhuri et al

10     www.ccmjournal.org XXX 2023 • Volume XXX • Number 00

RESEARCH AGENDA

•  The administration of corticosteroids for septic shock, 
ARDS, and CAP in children.

•  The use of corticosteroids in patients with surgical 
sepsis without shock, as this subgroup was underrep-
resented in included RCTs and theoretical harms exist 
in this population with regards to wound healing and 
anastomosis.

•  The administration of corticosteroids in patients with neu-
rologic issues and sepsis, has given conflicting evidence for 
harm or benefit in this population.

•  The role of corticosteroids in hospitalized patients with less 
severe CAP.

•  The use of precision medicine and enrichment, including 
patient phenotypes and genotypes most likely to benefit 
from corticosteroid administration for sepsis and septic 
shock, ARDS, and CAP.

•  The evaluation of patient-specific factors that impact du-
ration of corticosteroid use for sepsis and septic shock, 
ARDS, and CAP.

•  Cost-effectiveness of corticosteroids in various healthcare 
systems.

•  Patient/family views and involvement regarding the use 
of corticosteroids in critical illness, particularly in deter-
mining patient-important outcomes.

•  The optimal dose and duration need to be evaluated in 
sepsis, CAP and ARDS, generally and in different subpop-
ulations of critically ill patients.

•  Long- and short-term consequences of corticosteroid use, 
such as neuromuscular weakness, neuropsychiatric effects, 
and secondary infections.

•  The use of corticosteroids for prevention of neuropsychiatric 
morbidity in critically ill patients with sepsis, CAP, and ARDS.

•  Develop understanding of the underlying mechanism of 
action of corticosteroids in critical illness.

TABLE 5.
Severe Community-Acquired Pneumonia Definitions

Source Definition 

American Thoracic Society/
Infectious Diseases Society of 
America Criteria 2007a (92)

Either one major criterion or three or more minor criteria:
Major criteria
•  Septic shock with need for vasopressors
•  Respiratory failure requiring mechanical ventilation
Minor criteria
•  Respiratory rate ≥ 30 breaths/minb

•  Pao2/Fio2 ratio ≤ 250b

•  Multilobar infiltrates
•  Confusion/disorientation
•  Uremia (blood urea nitrogen level ≥ 20 mg/dL)
•  Leukopenia (WBC count < 4000 cells/µL)c

•  Thrombocytopenia (platelet count < 100,000/µL)
•  Hypothermia (core temperature < 36˚C)
•  Hypotension requiring aggressive fluid resuscitation

Community-Acquired Pneumonia: 
Evaluation of Corticosteroids 
(CAPE COD) (67)

One of four criterion:
•  Initiation of mechanical ventilation (invasive or noninvasive) with a positive  

end-expiratory pressure level of at least 5 cm of water
•  Administration of oxygen through a high-flow nasal cannula with a Pao2/Fio2 ratio of  

< 300, with a Fio2 of ≥ 50%
•  Nonbreathing mask with estimated Pao2/Fio2 of < 300, according to prespecified 

charts
•  Pulmonary Severity Index score of > 130 (group V)
Inclusion in study required ICU admission

Risk Stratification Scores •  Pneumonia severity index class IV or V (93)
•  Confusion, urea nitrogen, respiratory rate, blood pressure-65 score of ≥ 3 (94)
•  Confusion, oxygenation, respiratory and blood pressure score of ≥ 2 (95)
•  Systolic blood pressure, multilobar chest radiography, albumin, respiratory rate, 

tachycardia, confusion, oxygenation, arterial pH score ≥ 3 (96)

aStudies used previous iterations of ATS criteria modified by Ewig et al (97).
bA need for noninvasive ventilation can substitute for a respiratory rate ≥ 30 beats/min or a Pao2/Fio2 ratio ≤ 250.
cAs result of infection alone.



Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Online Special Article

Critical Care Medicine www.ccmjournal.org     11

ACKNOWLEDGMENTS

 1 Department of Medicine, McMaster University, Hamilton, 
ON, Canada.

 2 Department of Health Research Methods, Evidence, and 
Impact, McMaster University, Hamilton, ON, Canada.

 3 Department of Pharmacy, Mayo Clinic Hospital—Rochester, 
Rochester, MN.

 4 Department of Internal Medicine, Rush University Medical 
Center, Chicago, IL.

 5 Department of Anesthesiology, CHU Nantes, Université de 
Nantes, Pôle Anesthésie-Réanimation, Service d’Anesthésie 
Réanimation Chirurgicale, Hôtel Dieu, Nantes, France.

 6 Department of Internal Medicine, Wake Forest School 
of Medicine, Atrium Health, Carolinas Medical Center, 
Charlotte, NC.

 7 Department of Critical Care Medicine, University of 
Pittsburgh, School of Medicine, Pittsburgh, PA.

 8 Department of Endocrinology, Diabetes and Metabolism, 
Endocrine and Metabolism Institute, Cleveland Clinic, 
Cleveland, OH.

 9 McMaster University, Hamilton, ON, Canada.

 10 Division of Pulmonary, Allergy, Critical Care and Sleep 
Medicine, Emory University, Atlanta, GA.

 11 Division of Pulmonary, Critical Care, and Sleep Medicine, 
University of Miami Miller School of Medicine; Miami, FL.

 12 Division of Critical Care Medicine, Albert Einstein College 
of Medicine, Bronx, NY.

 13 Malcolm Fisher Department of Intensive Care Medicine, 
Critical Care Program, The George Institute for Global 
Health, UNSW Sydney, Newtown, NSW, Australia.

 14 Malcolm Fisher Department of Intensive Care, Royal North 
Shore Hospital, St Leonards, NSW, Australia.

 15 Department of Emergency Medicine, Henry Ford Hospital, 
Detroit, MI.

 16 Division of Pulmonary and Critical Care Medicine, Henry 
Ford Hospital, Detroit, MI.

 17 Division of Pediatric Critical Care, University of Ottawa and 
Children’s Hospital of Eastern Ontario Research Institute, 
Ottawa, ON, Canada.

 18 Department of Pediatrics, University of Ottawa and 
Children’s Hospital of Eastern Ontario Research Institute, 
Ottawa, ON, Canada.

 19 King Hussein Cancer Center Department of Pharmacy, 
Amman, Jordan.

 20 Department of Emergency Medicine and Critical Care 
Medicine, University of Pennsylvania Health System, 
Philadelphia, PA.

 21 Division of Critical Care, Department of Medicine, Centre 
for Heart Lung Innovation St. Paul’s Hospital University of 
British Columbia, Vancouver, BC, Canada.

 22 Department of Surgery, Texas Tech University Health 
Sciences Center, Lubbock, TX.

 23 Department of Neurology [Neurocritical Care], Atrium Wake 
Forest School of Medicine, Winston Salem, NC.

 24 Department of Internal Medicine and Michigan Neuroscience 
Institute, University of Michigan, Ann Arbor, MI.

 25 Intensive Care Unit, Service de Réanimation Polyvalente, 
Hôpital de Gonesse, Gonesse, France.

 26 Department of Intensive Care, Raymond Poincaré Hospital, 
Assistance Publique-Hôpitaux de Paris, Garches, France.

 27 School of Medicine Simone Veil, University of Versailles 
Saint Quentin, University Paris-Saclay, Versaillles, France.

 28 IHU Prometheus Fédération Hospitalo-Universitaire 
SEPSIS, University Paris-Saclay, INSERM, Garches, 
France.

 29 Department of Anesthesiology and Critical Care Medicine, 
Critical Care Center, Memorial Sloan Kettering Cancer 
Center, New York, NY.

Supplemental digital content is available for this article. Direct 
URL citations appear in the printed text and are provided in the 
HTML and PDF versions of this article on the journal’s website 
(http://journals.lww.com/ccmjournal).

The panel acknowledges Society of Critical Care Medicine 
(SCCM) administrative staff, Ms. Julie Higham, Vishakha Kumar, 
MD, MBA, and Ms. Hariyali Patel, Mary Jane Reed, MD, FCCM, 
and Sandra M. Swoboda, RN, FCCM, Liaisons for the American 
College of Critical Care Medicine for their support of this guide-
line. We also thank St. Joseph’s Healthcare Hamilton’s Library 
Services, Centre for Education and Innovation and Ms. Karin 
Dearness (Director of Library Services) for their contributions to 
the systematic review process.

The American College of Critical Care Medicine (ACCM), which 
honors individuals for their achievements and contributions to 
multidisciplinary critical care medicine, is the consultative body 
of the Society of Critical Care Medicine, which possesses rec-
ognized expertise in the practice of critical care. The ACCM has 
developed administrative guidelines and clinical practice param-
eters for the critical care practitioner. New guidelines and practice 
parameters are continually developed, and current ones are sys-
tematically reviewed and revised. Librarian services, systematic 
review, and analysis for these guidelines were provided contrac-
tually through the Guidelines in Intensive Care Development and 
Evaluation Group, McMaster University, Canada. Methodologists 
served as expert panel members specializing in this area.

List of other sponsoring organizations: The Endocrine Society.

Funding for these guidelines was provided solely by the Society 
of Critical Care Medicine.

Dr. Balk received funding from Dompe Pharmaceuticals, Merck, 
and BioMerieux. Dr. Sarwal’s institution receives funding from 
Biogen, Bard, Novartis, CVR Global, Lung Pacer, the National 
Institute on Aging (R01 AG066910-01), Shaltout, and Butterfly. 
Dr. Gershengorn disclosed that she served as an advisory board 
member for Gilead Sciences. Dr. Menon received funding from 
the Canadian Institutes of Health Research. Dr. Jayaprakash dis-
closed that she was the site principal investigator for sponsored 
trials through Abbott Laboratories and BioCogniV. Dr. Russell 
reports patents owned by the University of British Columbia 
(UBC) that are related to the use of PCSK9 inhibitor(s) in 
sepsis and related to the use of vasopressin in septic shock and 
a patent owned by Ferring for use of selepressin in septic shock. 
Dr. Russell is an inventor of these patents. Dr. Russell was a 
founder, Director and shareholder in Cyon Therapeutics and is 



Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Chaudhuri et al

12     www.ccmjournal.org XXX 2023 • Volume XXX • Number 00

a shareholder in Molecular You Corp. Dr. Russell is no longer 
actively consulting for any industry. Dr. Russell reports receiving 
consulting fees in the last 3 years from: 1) SIB Therapeutics 
LLC (developing a sepsis drug). 2) Ferring Pharmaceuticals 
(manufactures vasopressin and developing selepressin). 3) Dr. 
Russell was a funded member of the Data and Safety Monitoring 
Board of a National Institutes of Health-sponsored trial of plasma 
in COVID-19 (PASS-IT-ON) (2020–2021). 4) PAR Pharma 
(sells prepared bags of vasopressin). Dr. Russell reports having 
received an investigator-initiated grant from Grifols (entitled “Is 
HBP a mechanism of albumin’s efficacy in human septic shock?”) 
that was provided to and administered by UBC. Dr. Russell was 
a nonfunded Science Advisor and member of the Government 
of Canada COVID-19 Therapeutics Task Force (June 2020 to 
2021). Dr. Asehnoune received funding from LFB and Edwards 
Lifesciences Baxter. Dr. Spencer-Segal received funding from 
Camurus AB, Chiasma, and Recordati Rare Diseases. Dr. Esper 
received funding from Honeywell. Dr. Annane has been involved 
with research relating to this guideline, in particular with multiple 
randomized control trials examining the use of corticosteroids in 
sepsis. He participated in the discussion for corticosteroids in 
sepsis but abstained from voting on final recommendations per-
taining to corticosteroids in sepsis and septic shock. Dr. Menon 
is funded by a Canadian Institute of Health Research grant for 
The Stress Hydrocortisone in Pediatric Septic Shock trial. The 
remaining authors have disclosed that they do not have any po-
tential conflicts of interest.

Dr. Chaudhuri and Dr. Nei contributed equally as co-first authors.

For information regarding this article, E-mail: pastores@mskcc.
org; djillali.annane@aphp.fr

REFERENCES
 1. Marik PE, Pastores SM, Annane D, et al; American College of 

Critical Care Medicine: Recommendations for the diagnosis 
and management of corticosteroid insufficiency in critically ill 
adult patients: Consensus statements from an international 
task force by the American College of Critical Care Medicine. 
Crit Care Med 2008; 36:1937–1949

 2. Annane D, Pastores SM, Arlt W, et al: Critical illness-related 
corticosteroid insufficiency (CIRCI): A narrative review from 
a Multispecialty Task Force of the Society of Critical Care 
Medicine (SCCM) and the European Society of Intensive Care 
Medicine (ESICM). Intensive Care Med 2017; 43:1781–1792

 3. Pastores SM, Annane D, Rochwerg B; Corticosteroid Guideline 
Task Force of SCCM and ESICM: Guidelines for the diagnosis 
and management of Critical Illness-Related Corticosteroid 
Insufficiency (CIRCI) in critically ill patients (part II): Society 
of Critical Care Medicine (SCCM) and European Society of 
Intensive Care Medicine (ESICM) 2017. Crit Care Med 2018; 
46:146–148

 4. Annane D, Pastores SM, Rochwerg B, et al: Guidelines for 
the diagnosis and management of Critical Illness-Related 
Corticosteroid Insufficiency (CIRCI) in critically ill patients 
(part I). Crit Care Med 2017; 45:2078–2088

 5. Guyatt GH, Oxman AD, Vist GE, et al: GRADE: An emerging 
consensus on rating quality of evidence and strength of rec-
ommendations. BMJ 2008; 336

 6. Guyatt GH, Oxman AD, Kunz R, et al: GRADE guidelines: 2. 
Framing the question and deciding on important outcomes. J 
Clin Epidemiol 2011; 64:395–400

 7. Chaudhuri D, Sasaki K, Karkar A, et al: Corticosteroids in 
COVID-19 and non-COVID-19 ARDS: A systematic review 
and meta-analysis. Intensive Care Med 2021; 47:521–537

 8. Rochwerg B, Oczkowski SJ, Siemieniuk RAC, et al: 
Corticosteroids in sepsis: An updated systematic review and 
meta-analysis. Crit Care Med 2018; 46:1411–1420

 9. Schandelmaier S, Briel M, Varadhan R, et al: Development of 
the instrument to assess the credibility of effect modification 
analyses (ICEMAN) in randomized controlled trials and meta-
analyses. CMAJ 2020; 192:E901–E906

 10. Andrews J, Guyatt G, Oxman AD, et al: GRADE guidelines: 14 
Going from evidence to recommendations: The significance 
and presentation of recommendations. J Clin Epidemiol 2013; 
66:719–725

 11. Annane D, Sébille V, Charpentier C, et al: Effect of treatment 
with low doses of hydrocortisone and fludrocortisone on mor-
tality in patients with septic shock. JAMA 2002; 288:862–871

 12. Annane D, Renault A, Brun-Buisson C, et al; CRICS-
TRIGGERSEP Network: Hydrocortisone plus fludrocortisone 
for adults with septic shock. N Engl J Med 2018; 378:809–818

 13. Cicarelli DD, Vieira JE, Benseñor FEM: Early dexamethasone 
treatment for septic shock patients: A prospective randomized 
clinical trial. Sao Paulo Med J 2007; 125:237–241

 14. Confalonieri M, Urbino R, Potena A, et al: Hydrocortisone in-
fusion for severe community-acquired pneumonia: A prelim-
inary randomized study. Am J Respir Crit Care Med 2005; 
171:242–248

 15. Bennett IL, Finland M, Hamburger M, et al: The effective-
ness of hydrocortisone in the management of severe infec-
tions: A double-blind study. JAMA J Am Med Assoc 1963; 
183:462–465

 16. De Graaf H, Ramakrishnan KA, Pappachan J, et al: Evaluation 
of corticosteroid replacement therapy in children with severe 
septic shock—a randomised intervention trial. Pediatr Crit Care 
Med 2014; 15(4_suppl):141

 17. El-Nawawy A, Khater D, Omar H, et al: Evaluation of early cor-
ticosteroid therapy in management of pediatric septic shock in 
pediatric intensive care patients: A randomized clinical study. 
Pediatr Infect Dis J 2017; 36:155–159

 18. Gordon AC, Mason AJ, Perkins GD, et al: The interac-
tion of vasopressin and corticosteroids in septic shock: 
A pilot randomized controlled trial. Crit Care Med 2014; 
42:1325–1333

 19. Gordon AC, Mason AJ, Thirunavukkarasu N, et al; VANISH 
Investigators: Effect of early vasopressin vs norepinephrine on 
kidney failure in patients with septic shock: The VANISH ran-
domized clinical trial. JAMA 2016; 316:509–518

 20. Hu B, Li JG, Liang H, et al: The effect of low-dose hydrocorti-
sone on requirement of norepinephrine and lactate clearance 
in patients with refractory septic shock. Chin Crit Care Med 
2009; 21:529–531

 21. Keh D, Trips E, Marx G, et al; SepNet–Critical Care Trials 
Group: Effect of hydrocortisone on development of shock 
among patients with severe sepsis the HYPRESS randomized 
clinical trial. JAMA 2016; 316:1775–1785



Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Online Special Article

Critical Care Medicine www.ccmjournal.org     13

 22. Ling L, Jia L, Ying-zi H, et al: The effect of stress dose gluco-
corticoid on patients with acute respiratory distress syndrome 
combined with critical illness-related corticosteroid insuffi-
ciency. Zhonghua Nei Ke Za Zhi 2012; 51:599–603

 23. Arabi YM, Aljumah A, Dabbagh O, et al: Low-dose hydrocorti-
sone in patients with cirrhosis and septic shock: A randomized 
controlled trial. CMAJ 2010; 182:1971–1977

 24. Luce JM, Montgomery AB, Marks JD, et al: Ineffectiveness of 
high-dose methylprednisolone in preventing parenchymal lung 
injury and improving mortality in patients with septic shock. Am 
Rev Respir Dis 1988; 138:62–68

 25. Lv Q, Gu X, Chen Q, et al: Early initiation of low-dose hydro-
cortisone treatment for septic shock in adults: A randomized 
clinical trial. Am J Emerg Med 2017; 35:1810–1814

 26. Meduri GU, Golden E, Freire AX, et al: Methylprednisolone in-
fusion in early severe ARDS: Results of a randomized con-
trolled trial. Chest 2007; 131:954–963

 27. Meduri GU, Golden E, Umberger R: Prospective double-blind 
randomized clinical trial on the effects of low-dose hydrocor-
tisone infusion in patients with severe sepsis. Chest 2009; 
136:Supplement 45S

 28. Meijvis SCA, Hardeman H, Remmelts HHF, et al: 
Dexamethasone and length of hospital stay in patients with 
community-acquired pneumonia: A randomised, double-blind, 
placebo-controlled trial. Lancet 2011; 377:2023–2030

 29. Menon K, McNally D, O’Hearn K, et al; Canadian Critical Care 
Trials Group: A randomized controlled trial of corticosteroids in 
pediatric septic shock: A pilot feasibility study. Pediatr Crit Care 
Med 2017; 18:505–512

 30. Mirea L, Ungureanu R, Pavelescu D, et al: Continuous admin-
istration of corticosteroids in septic shock can reduce risk of 
hypernatremia. Crit Care 2014; 18:S86

 31. Oppert M, Schindler R, Husung C, et al: Low-dose hydrocor-
tisone improves shock reversal and reduces cytokine levels 
in early hyperdynamic septic shock. Crit Care Med 2005; 
33:2457–2464

 32. Abdelsalam Rezk N, Mohamed Ibrahim A: Effects of methyl 
prednisolone in early ARDS. Egypt J Chest Dis Tuberc 2013; 
62:167–172

 33. Rinaldi S, Adembri C, Grechi S, et al: Low-dose hydrocortisone 
during severe sepsis: Effects on microalbuminuria. Crit Care 
Med 2006; 34:2334–2339

 34. Agarwal M, Dhar M, Agarwal D, et al: Early initiation of low-
dose hydrocortisone therapy for septic shock in geriatric 
patients: A randomized control trial. J Assoc Physicians India 
2022; 70:11–12

 35. Sabry NA, Omar EE-D: Corticosteroids and ICU course of com-
munity acquired pneumonia in Egyptian settings. Pharmacol 
Pharm 2011; 02:73–81

 36. Schumer W: Steroids in the treatment of clinical septic shock. 
Ann Surg 1976; 184:333–341

 37. Slusher T, Gbadero D, Howard C, et al: Randomized, placebo-
controlled, double blinded trial of dexamethasone in African 
children with sepsis. Pediatr Infect Dis J 1996; 15:579–583

 38. Snijders D, Daniels JMA, De Graaff CS, et al: Efficacy of cor-
ticosteroids in community-acquired pneumonia: A randomized 
double-blinded clinical trial. Am J Respir Crit Care Med 2010; 
181:975–982

 39. Sprung CL, Annane D, Keh D, et al; CORTICUS Study Group: 
Hydrocortisone therapy for patients with septic shock. N Engl 
J Med 2008; 358:111–124

 40. Sprung CL, Caralis PV, Marcial EH, et al: The effects of high-
dose corticosteroids in patients with septic shock, a prospec-
tive, controlled study. N Engl J Med 1984; 311:1137–1143

 41. Talebi Doluee M, Salehi M, Mahmoudi Gharaee A, et al: The 
effect of physiologic dose of intravenous hydrocortisone in 
patients with refractory septic shock: A randomized control 
trial. J Emerg Pract Trauma 2018; 4:29–33

 42. Tandan S, Guleria R, Gupta N: Low dose steroids and adreno-
cortical insufficiency in septic shock: A double-blind random-
ized controlled trial from India. In: Proceedings of the American 
Thoracic Society Meeting. New York, 2005, A24

 43. Tongyoo S, Permpikul C: Effect of low dose corticosteroid in 
septic shock resuscitation: Subgroup analysis result of a ran-
domized controlled trial. Intensive Care Med Exp 2018; 6:P4

 44. Tongyoo S, Permpikul C, Mongkolpun W, et al: Hydrocortisone 
treatment in early sepsis-associated acute respiratory distress 
syndrome: Results of a randomized controlled trial. Crit Care 
2016; 20:1–11

 45. Birudaraju D, Hamal S, Tayek JA: Solumedrol treatment 
for severe sepsis in humans with a blunted adrenocortico-
tropic hormone-cortisol response: A prospective randomized  
double-blind placebo-controlled pilot clinical trial. J Intensive 
Care Med 2022; 37:693–697

 46. Torres A, Sibila O, Ferrer M, et al: Effect of corticosteroids 
on treatment failure among hospitalized patients with severe  
community-acquired pneumonia and high inflammatory re-
sponse: A randomized clinical trial. JAMA 2015; 313:677–686

 47. Valoor HT, Singhi S, Jayashree M: Low-dose hydrocortisone 
in pediatric septic shock: An exploratory study in a third world 
setting. Pediatr Crit Care Med 2009; 10:121–125

 48. Veterans Administration Systemic Sepsis Cooperative Study 
Group: Effect of high-dose glucocorticoid therapy on mortality 
in patients with clinical signs of systemic sepsis. N Engl J Med 
1987; 317:659–665

 49. Venkatesh B, Finfer S, Cohen J, et al; ADRENAL Trial 
Investigators and the Australian–New Zealand Intensive 
Care Society Clinical Trials Group: Adjunctive glucocorticoid 
therapy in patients with septic shock. N Engl J Med 2018; 
378:797–808

 50. Yildiz O, Dǒganay M, Aygen B, et al: Physiological-dose ste-
roid therapy in sepsis [ISRCTN36253388]. Crit Care 2002; 
6:251–259

 51. Yildiz O, Tanriverdi F, Simsek S, et al: The effects of moderate-
dose steroid therapy in sepsis: A placebo-controlled, random-
ized study. J Res Med Sci 2011; 16:1410–1421

 52. Bollaert PE, Charpentier C, Levy B, et al: Reversal of late 
septic shock with supraphysiologic doses of hydrocortisone. 
Crit Care Med 1998; 26:645–650

 53. Bone RC, Fisher CJJ, Clemmer TP, et al: A controlled clin-
ical trial of high-dose methylprednisolone in the treatment 
of severe sepsis and septic shock. N Engl J Med 1987; 
317:653–658

 54. Branco RG, Amoretti CF, Garcia PCR, et al: Corticosteroid re-
placement in sepsis induces lymphopenia: Results of a ran-
domized controlled trial. Pediatr Crit Care Med 2014; 15:p 12



Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Chaudhuri et al

14     www.ccmjournal.org XXX 2023 • Volume XXX • Number 00

 55. Briegel J, Forst H, Haller M, et al: Stress doses of hydrocor-
tisone reverse hyperdynamic septic shock: A prospective, 
randomized, double-blind, single-center study. Crit Care Med 
1999; 27:723–732

 56. Chawla K, Kupfer Y, Goldman I, et al: Hydrocortisone reverses 
refractory septic shock. Crit Care Med 1999; 27(1S):33A

 57. Rudd KE, Johnson SC, Agesa KM, et al: Global, regional, 
and national sepsis incidence and mortality, 1990–2017: 
Analysis for the Global Burden of Disease Study. Lancet 2020; 
395:200–211

 58. Rhee C, Jones TM, Hamad Y, et al; Centers for Disease 
Control and Prevention (CDC) Prevention Epicenters Program: 
Prevalence, underlying causes, and preventability of sepsis-
associated mortality in US acute care hospitals. JAMA Netw 
Open 2019; 2:e187571–e187571

 59. Hill AR, Spencer-Segal JL: Glucocorticoids and the brain 
after critical illness. Endocrinology (United States) 2021; 
162:bqaa242

 60. Schelling G, Stoll C, Kapfhammer HP, et al: The effect of stress 
doses of hydrocortisone during septic shock on posttraumatic 
stress disorder and health-related quality of life in survivors. 
Crit Care Med 1999; 27:2678–2683

 61. Schelling G, Briegel J, Roozendaal B, et al: The effect of 
stress doses of hydrocortisone during septic shock on 
posttraumatic stress disorder in survivors. Biol Psychiatry 
2001; 50:978–985

 62. Thompson KJ, Young PJ, Venkatesh B, et al: Long-term 
costs and cost-effectiveness of adjunctive corticosteroids 
for patients with septic shock in New Zealand. Aust Crit Care 
2022; 35:241–250

 63. Pirracchio R, Annane D, Waschka AK, et al: Patient-level 
meta-analysis of low-dose hydrocortisone in adults with septic 
shock. NEJM Evid 2023; 2:1–12

 64. Villar J, Ferrando C, Martínez D, et al; dexamethasone in ARDS 
network: Dexamethasone treatment for the acute respiratory 
distress syndrome: A multicentre, randomised controlled trial. 
Lancet Respir Med 2020; 8:267–276

 65. Meduri GU, Headley AS, Golden E, et al: Effect of prolonged 
methylprednisolone therapy in unresolving acute respiratory 
distress syndrome: A randomized controlled trial. JAMA 1998; 
280:159–165

 66. Nafae RM, Ragab MI, Amany FM, et al: Adjuvant role of cor-
ticosteroids in the treatment of community-acquired pneu-
monia. Egypt J Chest Dis Tuberc 2013; 62:439–445

 67. Dequin P-F, Meziani F, Quenot J-P, et al; CRICS-TriGGERSep 
Network: Hydrocortisone in severe community-acquired pneu-
monia. N Engl J Med 2023; 388:1931–1941

 68. Meduri GU, Shih MC, Bridges L, et al; ESCAPe Study Group: 
Low-dose methylprednisolone treatment in critically ill patients 
with severe community-acquired pneumonia. Intensive Care 
Med 2022; 48:1009–1023

 69. Steinberg KP, Hudson LD, Goodman RB, et al; National 
Heart, Lung, and Blood Institute Acute Respiratory Distress 
Syndrome (ARDS) Clinical Trials Network: Efficacy and safety 
of corticosteroids for persistent acute respiratory distress syn-
drome. N Engl J Med 2006; 354:1671–1684

 70. Jeronimo CMP, Farias MEL, Val FFA, et al: Methylprednisolone 
as adjunctive therapy for patients hospitalized with COVID-19 

(Metcovid): A randomised, double-blind, phase IIb, placebo-
controlled trial. Clin Infect Dis 2021; 72:e373–e381

 71. The RECOVERY Collaborative Group: Dexamethasone in hos-
pitalized patients with Covid-19—preliminary report. N Engl J 
Med 2021; 384:693–704

 72. Annane D, Sébille V, Bellissant E; Ger-Inf-05 Study Group: 
Effect of low doses of corticosteroids in septic shock patients 
with or without early acute respiratory distress syndrome. Crit 
Care Med 2006; 34:22–30

 73. Song Z-F, Ying L-J: Effect of glucocorticoid on extravascular 
lung water in the patients with acute respiratory distress syn-
drome. Chin J Crit Care Med 2016; 36:443–447

 74. Zhou M: Application value of glucocorticoids in comprehensive 
treatment of acute respiratory distress syndrome caused by 
severe community-acquired pneumonia. Clin Med Eng 2015; 
22:57–58

 75. Sterne JAC, Murthy S, et al; WHO Rapid Evidence Appraisal for 
COVID-19 Therapies (REACT) Working Group: Association 
between administration of systemic corticosteroids and mor-
tality among critically ill patients with COVID-19: A meta- 
analysis. JAMA 2020; 324:1330–1341

 76. Tomazini BM, Maia IS, Cavalcanti AB, et al: Effect of dexa-
methasone on days alive and ventilator-free in patients with 
moderate or severe acute respiratory distress syndrome and 
COVID-19: The CoDEX Randomized Clinical Trial. JAMA 
2020; 324:1307–1316

 77. Russell L, Uhre KR, et al; Group TCS 2 T: Effect of 12 mg vs 
6 mg of Dexamethasone on the number of days alive without 
life support in adults with COVID-19 and severe hypoxemia: 
The COVID STEROID 2 Randomized Trial. JAMA 2021; 
326:1807–1817

 78. Bouadma L, Mekontso-Dessap A, Burdet C, et al; COVIDICUS 
Study Group: High-dose dexamethasone and oxygen sup-
port strategies in intensive care unit patients with severe 
COVID-19 Acute Hypoxemic Respiratory Failure: The 
COVIDICUS Randomized Clinical Trial. JAMA Intern Med 
2022; 182:906–916

 79. Pitre T, Abdali D, Chaudhuri D, et al: Corticosteroids in  
community-acquired bacterial pneumonia: A systematic re-
view, pairwise and dose-response meta-analysis. J Gen Intern 
Med 2023; 38:2593–2606

 80. Li G, Gu C, Zhang S, et al: Value of glucocorticoid steroids 
in the treatment of patients with severe community-acquired 
pneumonia complicated with septic shock. Chin Crit Care Med 
2016; 28:780–784

 81. El-Ghamrawy A, Shokeir M, Esmat A: Effects of low-dose hy-
drocortisone in ICU patients with severe community-acquired 
pneumonia. Egypt J Chest 2006; 55:91–99

 82. Fernández-Serrano S, Dorca J, Garcia-Vidal C, et al: Effect of cor-
ticosteroids on the clinical course of community-acquired pneu-
monia: A randomized controlled trial. Crit Care 2011; 15:R96

 83. Marik P, Kraus P, Sribante J, et al: Hydrocortisone and tumor 
necrosis factor in severe community-acquired pneumonia A 
randomized controlled study. Chest 1993; 104:389–392

 84. Lloyd M, Karahalios A, Janus E, et al; Improving Evidence-
Based Treatment Gaps and Outcomes in Community-
Acquired Pneumonia (IMPROVE-GAP) Implementation Team 
at Western Health: Effectiveness of a bundled intervention 



Copyright © 2024 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Online Special Article

Critical Care Medicine www.ccmjournal.org     15

including adjunctive corticosteroids on outcomes of hospital-
ized patients with community-acquired pneumonia: A stepped-
wedge randomized clinical trial. JAMA Intern Med 2019; 
179:1052–1060

 85. Mikami K, Suzuki M, Kitagawa H, et al: Efficacy of cortico-
steroids in the treatment of community-acquired pneumonia 
requiring hospitalization. Lung 2007; 185:249–255

 86. Hardeman H, Grutters JC, Van De Garde MW, et al: 
Dexamethasone and length of hospital stay in patients with 
community-acquired pneumonia: A randomised, double-blind, 
placebo-controlled trial. Lancet 2011; 377:2023–2053

 87. Wittermans E, Vestjens SMT, Spoorenberg SMC, et al; 
Santeon-CAP Study Group: Adjunctive treatment with 
oral dexamethasone in non-ICU patients hospitalised with  
community-acquired pneumonia: A randomised clinical trial. 
Eur Respir J 2021; 58:2002535

 88. Mchardy VU, Schonell ME: Ampicillin dosage and use of pred-
nisolone in treatment of pneumonia: Co-operative controlled 
trial. Br Med J 1972; 4:569–573

 89. Blum CA, Nigro N, Briel M, et al: Adjunct prednisone therapy 
for patients with community-acquired pneumonia: A multicen-
tre, double-blind, randomised, placebo-controlled trial. Lancet 
2015; 385:1511–1518

 90. Wagner HN, Bennett IL, Lasagna L, et al: The effect of hydrocor-
tisone upon the course of pneumococcal pneumonia treated with 
penicillin. Bull Johns Hopkins Hosp 1956; 98:197–215

 91. Pliakos EE, Andreatos N, Tansarli GS, et al: The cost- 
effectiveness of corticosteroids for the treatment of  
community-acquired pneumonia. Chest 2019; 155:787–794

 92. Mandell LA, Wunderink RG, Anzueto A, et al; Infectious 
Diseases Society of America: Infectious Diseases Society of 
America/American Thoracic Society Consensus Guidelines 
on the management of community-acquired pneumonia in 
adults. Clin Infect Dis 2007; 44:S27–S72

 93. Fine MJ, Auble TE, Yealy DM, et al: A prediction rule to identify 
low-risk patients with community-acquired pneumonia. N Engl 
J Med 1997; 336:243–250

 94. Lim WS, Van Der Eerden MM, Laing R, et al: Defining commu-
nity acquired pneumonia severity on presentation to hospital: 
An international derivation and validation study. Thorax 2003; 
58:377–382

 95. Buising KL, Thursky KA, Black JF, et al: Identifying severe 
community-acquired pneumonia in the emergency depart-
ment: A simple clinical prediction tool. Emerg Med Australas 
2007; 19:418–426

 96. Charles P, Wolfe R, Whitby M, et al: SMART-COP: A tool for 
predicting the need for intensive respiratory or vasopressor 
support in community-acquired pneumonia. Clin Infect Dis 
2008; 47:375–384

 97. Ewig S, Ruiz M, Mensa J, et al: Severe Community-Acquired 
Pneumonia Assessment of Severity Criteria. Am J Respir Crit 
Care Med 1998; 158:1102–1108


	Contents
	METHODOLOGY
	RECOMMENDATIONS
	RESEARCH AGENDA
	REFERENCES

