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Acute respiratory distress syndrome (ARDS) is frequently associated with sepsis. ARDS and sepsis exhibit a

common pathobiology, namely excessive inflammation. Corticosteroids are powerful anti-inflammatory agents that

are routinely used in septic shock and in oxygen-dependent SARS-CoV-2 related acute respiratory failure.

glucocorticoids  acute respiratory distress syndrome  sepsis

1. Introduction

The efficacy of corticosteroids in acute respiratory distress syndrome (ARDS) has been a subject of controversy for

decades . In animal models of ARDS, corticosteroids decreased the expression of pro-inflammatory mediators

in lung tissue, including TNF-a, IL-1a, IL-1b, IL-6 and IL-12 p40, and reduces lung injury through the reduction of

oxygen radicals produced by neutrophils . Beyond their anti-inflammatory effects during the acute phase of

inflammation, corticosteroids also contributed to the resolution of inflammation, trough reprogramming effects on

macrophages. Corticosteroids have been administered during two distinct phases of ARDS, during the early stage

of ARDS when inflammation is expected to be most important and during late phase of ARDS, when lung fibrosis

predominates. The biological and pathological characteristics of these two entities differ greatly, explaining the

observed conflicting results in the effects of corticosteroids in these two distinct conditions .

2. Corticosteroids in Early Stage Acute Respiratory Distress
Syndrome 

The early phase of ARDS is characterized by major alveolar inflammation. Thus, corticosteroids, potent anti-

inflammatory agents, are theoretically expected to be relevant treatment for ARDS. In practice, clinical trials found

variably favorable, neutral or harmful effects of corticosteroids in ARDS.

In an ancillary analysis of a RCT focused on septic shock, Annane et al., found that 7-day treatment with low dose

of steroids was significantly associated with better outcomes in septic shock associated with early septic ARDS in

non-responders to short cosyntropin stimulation test . In a trial of 24 ARDS patients, early corticosteroid treatment

(methylprednisolone 2 mg/kg/d followed by progressive dose tapering over 32 days] was associated with a

significant reduction in lung injury score (LIS) (p < 0.003 at 5 days) . Similar findings were observed in a larger

cohort (LIS 69.8% in placebo group vs. 35.7% in corticosteroids group; p = 0.02), with methylprednisolone 1

mg/kg/d (progressively tapered off over 28 days) . In an Egyptian study, early administration of hydrocortisone in
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septic ARDS was associated with improved oxygenation parameters and LIS without achieving a survival benefit

on day 28 . Trial of short course of high dose corticosteroids (vs. placebo] found no evidence for improved 45-day

mortality in adults with ARDS (60% vs. 63% p = 0.74) . More recently, Villar et al., found that in ARDS,

dexamethasone (20 mg IV daily between day 1 to 5, then 10 mg daily between day 6 to 10) compared to placebo,

increased the number of ventilator-free days (between-group difference 4.8 days [95% CI 2.57 to 7.03]; p <

0.0001), and reduced mortality at day 60 (between-group difference −15.3% [−25.9 to −4.9]; p = 0.0047) .

3. Corticosteroids in Late-Stage Acute Respiratory Distress
Syndrome 

Late-stage ARDS is characterized histologically by ongoing inflammation with fibroproliferation, presence of hyaline

membranes, and persistent diffuse alveolar damage, leading to prolonged mechanical ventilation and a higher risk

of death . Meduri et al., reported in 9 ARDS patients with pulmonary fibrosis, that high dose of

methylprednisolone may improve the LIS . Wajanaponsan et al., found that low dose methylprednisolone

administered >14 days after onset of ARDS was associated with increased mortality rates at 60 and 180 days .

The largest multicenter placebo-controlled trial, found no evidence for difference in 60-day mortality with

corticosteroids initiated for late-stage ARDS (36% vs. 27% p = 0.26) .

4. Dose and Type of Corticosteroid

Not all corticosteroids exhibit the same biological properties. The dose and type of corticosteroid may yield variable

effects on patients’ outcomes. In a trial of 304 patients with sepsis, high doses of methylprednisolone led to

numerically more patients with ARDS in corticosteroids vs. placebo (32% vs. 25% p = 0.1), fewer reversions of

ARDS (31% vs. 61% p = 0.015), and a higher 14-day mortality (52% vs. 22% p = 0.04) . In another ARDS trial,

high doses of methylprednisolone [30 mg/kg every 6 h for 1 day] did not reduce mortality (p = 0.74) or reverse

ARDS (p = 0.77) . In another trial in patients with ARDS and critical illness related corticosteroids insufficiency,

hydrocortisone administered 3 times a day (1 mg/kg/d) for seven days increased survival rates and reduced shock

rate (5/12 vs. 10/14, p < 0.05), with no significant effect on 28-day mortality .

5. Adverse Events

The administration of corticosteroids may be associated with adverse events. In high-quality trials and meta-

analyses in sepsis and in ARDS, indicate the main adverse events associated with corticosteroids may include

neuromuscular weakness, gastrointestinal bleeding, hypernatremia and hyperglycemia . A meta-analysis of

18 trials including 2826 ARDS patients, found no evidence for increased risk of muscular weakness: RR 0.85 95%

CI [0.62 to 1.18] or gastrointestinal bleeding RR 1.20 95% CI [0.43 to 3.34], but increased risk of hyperglycemia RR

1.11 95% CI [1.01 to 1.23] (Table 1).

Table 1. Corticosteroids for early ARDS.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[10]

[17]

[18][19]



Corticosteroids in Acute Respiratory Distress Syndrome | Encyclopedia.pub

https://encyclopedia.pub/entry/44457 3/9

Author,
Reference Type Sample Size Study Population Treatment Results

Bernard et al. RCT,
multicenter

99

ARDS as
Partial pressure of

oxygen ≤ 70 mm Hg on
> 40% oxygen,

PaO /PAO  ratio < 0.3,
bilateral lung infiltrates,

pulmonary artery
wedge pressure ≤ 18

mm Hg

MPS 30 mg/kg
IV 6 hourly for

24 h vs. placebo

PEP mortality
MPS 30/50

(60%); Pl 31/49
(63.2)

OR 0.75 [0.4 to
1.57] p = 0.74

Meduri et al. 
RCT

multicenter
24

ARDS 1994
7 days of mechanical
ventilation with an LIS
of 2.5 or greater and
less than a 1-point

reduction from day 1 of
ARDS, and no

evidence of untreated
infection.

MPS Loading
dose of 2 mg/kg;
then 2 mg/kg/d
from day 1 to

day 14, 1
mg/kg/d from
day 15 to day

21,
0.5 mg/kg/d

from day 22 to
day 28, 0.25

mg/kg/d on days
29 and 30,

0.125 mg/kg/d
on days 31 and

32.
vs. placebo

PEP Lung
injury and

mortality day
10

MPS 1.7 [0.1];
Pl 3.0 [0.2]; p <

0.001
SEP:

Mortality
MPS 0/16

(0%); Pl 5/8
(62%) p =

0.002
Mortality in

hospital
MPS 2/16

(12.5%); Pl 5/8
(62.5%)

OR 0.41 [0.06
to 99] p = 0.03

Steinberg et
al.,

ARDSnetwork,
RCT

Multicenter
132/180

ARDS 1994 in early
and late stage

At least 7 days duration
ARDS; p/F < 200

Intubated, mechanical
ventilation

MPS Loading
dose of 2 mg/kg

of predicted
body weight

followed by 0.5
mg/kg 6 hourly
for 14 days; 0.5
mg/kg 12 hourly
for 7 days; and
then tapering of

the dose.

In early ARDS
(7–13 d)

PEP mortality
at 60 days

MPS (36%); Pl
(27%) p = 0.26

Annane et al. post Hoc
RCT

129/300
177 ARDS:

129 non
responders,

48
responder

ARDS 1994 bilateral
infiltrate on chest

radiography, PaO /FiO
< 200 mm Hg and

Pulmonary occlusion
pressure ≤ 18 mm Hg
or no clinical evidence

HSHC 50 mg IV
6 hourly and 9-

alpha
fludrocortisone

once a day for 7
days.

PEP: mortality
at 28-day

In the non-
responder
subgroup

HSHC + FC
33/62 (53%); Pl
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Author,
Reference Type Sample Size Study Population Treatment Results

of left atrial
hypertension

50/67 (75%)
RR = 0.71;

95% CI [0.54 to
0.94] p = 0.013

OR = 0.35;
95% CI [0.15 to

0.82], p =
0.016).
In the

responder
group No
significant

result
HSHC + FC
16/23 (70%);

PL 12/25 (48%)
RR = 1.4; 95%

CI [0.89 to
2.36] p = 0.130

OR = 2.29;
95% CI [0.49 to

10.64] p =
0.290

Meduri et al. RCT
multicenter

91

ARDS 1994 Intubated
and Mechanical

ventilation ARDS ≤ 72
H of study entry

MPS Loading
dose of 1 mg/kg
Then 1 mg/kg/d

from day 1 to
day 14, 0.5

mg/kg/d from
day 15 to day

21, 0.25 mg/kg/d
from day 22 to
day 25, 0.125
mg/kg/d from
day 26 to day

28.

PEP 1-point
reduction in LIS

or
MPS 69.8% vs.
Pl 35.7%; p =

0.002
successful

extubation 7-
day

MPS 53.9% vs.
Pl 25.0%; p =

0.01

Tongyoo et al.
RCT

Single
center

197

Severe sepsis or septic
shock receiving IMV for
hypoxemic respiratory
failure within 12 H of
study entry + ARDS

1994 then reclassified
accordingly to ARDS

2012

HSHC 50 mg
every 6 h or

placebo

PEP 28 day all-
cause mortality
HSHC (22.5%)
vs. Pl (27.3%)
RR 0.82 [0.50

to 1.34] p =
0.51

HR 0.80, 95%
CI [0.46 to

1.41]; p = 0.44
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Author,
Reference Type Sample Size Study Population Treatment Results

Villar et al.,
DEXA-ARDS,

RCT
multicenter

277/314
stopped low
enrollment

88%

ARDS 2012 (but PEEP
≥ 10)

Moderate to severe
ARDS < 24 h (but

PEEP ≥ 10)

DXM IV 20 mg
once daily day 1
to 5 then 10 mg
once daily day 6

to 10

PEP N°
ventilator-free

from day of
randomization

to day 28
Between-group
difference 4.8
days 95% CI

[2.57 to 7.03]; p
< 0.0001).

Horby et al.,
RECOVERY,

RCT
multicenter

6425

Hospitalized patients
with suspected or

laboratory confirmed
COVID-19

DXM 6 mg (IV or
orally) during 10
days vs. usual

care

PEP 28 d
mortality

Overall: DXM
482/2104

(22.9%); Pl
1110/4321

(25.7%) (age-
adjusted RR
0.83; 95% CI

[0.75 to 0.93]; p
< 0.001)

>sub group
mechanical
ventilation

(1007): 29.3%
vs. 41.4%; RR
0.64; 95% CI
[0.51 to 0.81]

Tomazini et al.,
CoDEX, 

RCT
multicenter

299/350

COVID-19 infection
suspected or

confirmed, receiving
IMV within 48H of
meeting criteria for
moderate to severe

ARDS 2012

DXM 20 mg
daily for 5 days
followed by 10
mg daily for 5

days

PEP Ventilator-
free days (alive

+ free from
IMV)

DXM 6.6 95%
CI [5.0 to 8.2)
vs. Pl 4.0 95%
CI [2.9 to 5.4]
difference 4.0
95% CI [2.9 to

5.4]

Dequin et al.,
CAPE COVID

RCT
multicenter

149/290 Confirmed or suspected
SARS-CoV-2 + 1
severity criteria

IMV (PEEP > 5 cm
H O), p/F < 300 HFOT
> 50% Fi, PaO /FiO  <
300 FMOT (specified

charts), PSI > 130

HSHC 200 mg
daily for 4 to 7
then 100 mg

daily for 2 to 4
days

then 50 mg daily
for 2 to 3 days

total 8 days

PEP: 21-day
treatment

failure (death or
persistent

dependency on
mechanical

ventilation or
high-flow
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oxygen therapy
HSHC 42.1%
vs. pl 50.7%
Difference

−8.6% [95.48%
CI, −24.9% to

7.7%]; p =
0.29)

Angus et al.,
REMAP CAP-

RCT
multicenter

384

COVID-19 suspected or
confirmed, severe

ICU for
Respiratory failure
(invasive or non-

invasive IMV or HFN
flow rate > 30 L/m, and

FI > 40%
Cardiovascular failure:
vaopressor/inotrope

3 randomization
arms

Fixed: HSHC 50
mg every 6 h

daily for 7 days
Shock: HSHC

50 mg/6 h for 7
days while in

shock
No HSHC

Or 200 mg/6 h
for 7 days

PEP Composite
of hospital

mortality and
ICU organ

support-free
days to day 21
Fixed 0 QR, −1
to 15; OR 1.43
95% CI [0.91 to

2.27]
Shock 0 IQR, –

1 to 13;
OR1.22 95% CI

[0.76–1.94]
None 0 0 (IQR,

−1 to 11)

Barros et al.,
MetCOVID 

RCT single
center

246

Clinical-radiological
suspicion of COVID-19
Sat ≤ 94% in room air
or Requiring O  or IMV

MPS IV 0.5
mg/kg every 12

h × 5 days

PEP pulmonary
function testing

at day 120
follow-up visit.

(Pulmonary
function and

maximal
respiratory
pressure

testing, DASI,
6MWT)

FEV1 (2.6,
[0.7], p = 0.01)
and FVC (3.2,
[0.8], p = 0.01

Dequin et al.,
CAPE COD,

RCT
multicenter

795 Severe community-
acquired pneumoniae,

defined by the
presence of at least
one of four following

criteria
The initiation of MV

(invasive or

HSHC
continuous IV
200 mg/day

during the first 4
days.

On day 4,
regarding

medical decision

PEP mortality
at day 28

HSHC 25 of
400 patients

6.2%; 95% CI,
[3.9 to 8.6] vs.
placebo 47 of
395 patients
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PEP: primary end point; SEP: secondary end point; MPS: Methylprednisolone; HSHC: hemisuccinate

hydrocortisone; DXM: dexamethasone ARDS: acute respiratory distress syndrome; AHRF: acute hypoxemic

respiratory failure, IMV: invasive mechanical ventilation; LIS: lung injury score; HFOT = High flow oxygen therapy;

FMOT: face max oxygen therapy; PaO /FiO : partial pressure of oxygen/fraction of inspired oxygen; ARDS AEEC

1994: acute syndrome, hypoxemia PaO /FiO  < 200, bilateral infiltrate on chest radiography, cannot be due to

cardiac failure [elevated left atrial pressure] assessed by clinical examination or a PCWP > 18 cm H O; ARDS

Berlin 2012: ≤7 days since onset of predisposing clinical definition, bilateral opacities on X-ray or CT scan no

attributed to pleural effusion, atelectasis or nodules, respiratory failure that cannot be attributed to heart failure or

volume overload, PaO /FiO  with use of ≥5 cm H O of PEEP ([201–300 mm Hg] as mild ARDS; [101–200 mm Hg]

as moderate ARDS; <100 mm Hg as severe ARDS) and perform additional studies to rule out cardiogenic oedema

(echocardiography, BNP).

2. Matthay, M.A.; Liu, K.D. Con: Corticosteroids are not indicated for treatment of acute lung injury
from H1N1 viral pneumonia. Am. J. Respir. Crit. Care Med. 2011, 183, 1127–1128.

3. Hong, S.; Jian, C.; Wang, H.; Wang, X.; Xing, L.; Qiao, L. Effects of different doses of
methylprednisolone therapy on acute respiratory distress syndrome: Results from animal and
clinical studies. BMC Pulm. Med. 2022, 22, 348.

4. Rocksén, D.; Lilliehöök, B.; Larsson, R.; Johansson, T.; Bucht, A. Differential anti-inflammatory
and anti-oxidative effects of dexamethasone and N-acetylcysteine in endotoxin-induced lung
inflammation. Clin. Exp. Immunol. 2000, 122, 249–256.

5. Khilnani, G.C.; Hadda, V. Corticosteroids and ARDS: A review of treatment and prevention
evidence. Lung India 2011, 28, 114–119.

6. 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.

7. Meduri, G.U.; Headley, A.S.; Golden, E.; Carson, S.J.; Umberger, R.A.; Kelso, T.; Tolley, E.A.
Effect of prolonged methylprednisolone therapy in unresolving acute respiratory distress
syndrome: A randomized controlled trial. JAMA 1998, 280, 159–165.

8. Meduri, G.U.; Golden, E.; Freire, A.X.; Taylor, E.; Zaman, M.; Carson, S.J.; Gibson, M.; Umberger,
R. Methylprednisolone infusion in early severe ARDS: Results of a randomized controlled trial.
Chest 2007, 131, 954–963.

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

10. Bernard, G.R.; Luce, J.M.; Sprung, C.L.; Rinaldo, J.E.; Tate, R.M.; Sibbald, W.J.; Kariman, K.;
Higgins, S.; Bradley, R.; Metz, C.A. High-dose corticosteroids in patients with the adult respiratory
distress syndrome. N. Engl. J. Med. 1987, 317, 1565–1570.

11. Villar, J.; Ferrando, C.; Martínez, D.; Ambrós, A.; Muñoz, T.; Soler, J.A.; Aguilar, G.; Alba, F.;
González-Higueras, E.; Conesa, L.A.; et al. Dexamethasone treatment for the acute respiratory
distress syndrome: A multicentre, randomised controlled trial. Lancet Respir. Med. 2020, 8, 267–
276.

12. Diamond, M.; Peniston, H.L.; Sanghavi, D.; Mahapatra, S. Acute Respiratory Distress Syndrome.
In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2022. Available online:
http://www.ncbi.nlm.nih.gov/books/NBK436002/ (accessed on 11 December 2022).

13. Meduri, G.U.; Belenchia, J.M.; Estes, R.J.; Wunderink, R.G.; Torky, M.E.; Leeper, K.V.
Fibroproliferative Phase of ARDS: Clinical Findings and Effects of Corticosteroids. Chest 1991,
100, 943–952.

Author,
Reference Type Sample Size Study Population Treatment Results

noninvasive) with a
positive end-expiratory
pressure level ≥ 5 cm of

water
The initiation of the

administration of
oxygen through a

HFOT with a ratio of
PaO :FiO  < 300, with
a FiO  of 50% or more;
For patients wearing a
non-rebreathing mask,

an estimated
PaO :FiO  ratio < 300,
or a score of more than
130 on the Pulmonary
Severity Index, which
classifies patients with
community-acquired
pneumonia into five
groups according to

increasing severity, with
a score of more than
130 defining group V

based on
predefined

criteria, following
administration

for a total of 8 or
14 days

11.9%; 95% CI,
[8.7 to 15.1]
(Absolute

difference, −5.6
percentage

points; 95% CI,
[−9.6 to −1.7]; p

= 0.006).
2 2

2

2 2

2 2

2 2

2

2 2 2



Corticosteroids in Acute Respiratory Distress Syndrome | Encyclopedia.pub

https://encyclopedia.pub/entry/44457 8/9

14. Wajanaponsan, N.; Reade, M.C.; Milbrandt, E.B. Steroids in late ARDS? Crit. Care 2007, 11, 310.

15. Steinberg, K.P.; Hudson, L.D.; Goodman, R.B.; Hough, C.L.; Lanken, P.N.; Hyzy, R.; Thompson,
B.T.; Ancukiewicz, M.; National Heart, Lung, and Blood Institute Acute Respiratory Distress
Syndrome (ARDS) Clinical Trials Network. Efficacy and safety of corticosteroids for persistent
acute respiratory distress syndrome. N. Engl. J. Med. 2006, 354, 1671–1684.

16. Bone, R.C.; Fisher, C.J.; Clemmer, T.P.; Slotman, G.J.; Metz, C.A. Early methylprednisolone
treatment for septic syndrome and the adult respiratory distress syndrome. Chest 1987, 92,
1032–1036.

17. Liu, L.; Li, J.; Huang, Y.; Liu, S.; Yang, C.; Guo, F.; Qiu, H.; Yang, Y. The effect of stress dose
glucocorticoid on patients with acute respiratory distress syndrome combined with critical illness-
related corticosteroid insufficiency. Zhonghua Nei Ke Za Zhi 2012, 51, 599–603. (In Chinese)

18. Annane, D.; Bellissant, E.; Bollaert, P.E.; Briegel, J.; Keh, D.; Kupfer, Y.; Pirracchio, R.; Rochwerg,
B. Corticosteroids for treating sepsis in children and adults. Cochrane Database Syst. Rev. 2019,
2019, CD002243.

19. Chaudhuri, D.; Sasaki, K.; Karkar, A.; Sharif, S.; Lewis, K.; Mammen, M.J.; Alexander, P.; Ye, Z.;
Lozano, L.E.C.; Munch, M.W.; et al. Corticosteroids in COVID-19 and non-COVID-19 ARDS: A
systematic review and meta-analysis. Intensive Care Med. 2021, 47, 521–537.

20. Tongyoo, S.; Permpikul, C.; Mongkolpun, W.; Vattanavanit, V.; Udompanturak, S.; Kocak, M.;
Meduri, G.U. Hydrocortisone treatment in early sepsis-associated acute respiratory distress
syndrome: Results of a randomized controlled trial. Crit. Care 2016, 20, 329.

21. RECOVERY Collaborative Group; Horby, P.; Lim, W.S.; Emberson, J.R.; Mafham, M.; Bell, J.L.;
Linsell, L.; Staplin, N.; Brightling, C.; Ustianowski, A.; et al. Dexamethasone in Hospitalized
Patients with COVID-19. N. Engl. J. Med. 2021, 384, 693–704.

22. Tomazini, B.M.; Maia, I.S.; Cavalcanti, A.B.; Berwanger, O.; Rosa, R.G.; Veiga, V.C.; Avezum, A.;
Lopes, R.D.; Bueno, F.R.; Silva, M.V.A.O.; et al. Effect of Dexamethasone 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.

23. Dequin, P.-F.; Heming, N.; Meziani, F.; Plantefève, G.; Voiriot, G.; Badié, J.; François, B.; Aubron,
C.; Ricard, J.-D.; Ehrmann, S.; et al. Effect of Hydrocortisone on 21-Day Mortality or Respiratory
Support Among Critically Ill Patients With COVID-19: A Randomized Clinical Trial. JAMA 2020,
324, 1298–1306.

24. Angus, D.C.; Derde, L.; Al-Beidh, F.; Annane, D.; Arabi, Y.; Beane, A.; van Bentum-Puijk, W.;
Berry, L.; Bhimani, Z.; Bonten, M.; et al. Effect of Hydrocortisone on Mortality and Organ Support
in Patients with Severe COVID-19: The REMAP-CAP COVID-19 Corticosteroid Domain
Randomized Clinical Trial. JAMA 2020, 324, 1317–1329.



Corticosteroids in Acute Respiratory Distress Syndrome | Encyclopedia.pub

https://encyclopedia.pub/entry/44457 9/9

25. Barros, C.M.S.S.; Freire, R.S.; Frota, E.; Rezende Santos, A.G.; Farias, M.E.L.; Rodrigues,
M.G.A.; Silva, B.M.; Prado Jeronimo, C.M.; Netto, R.L.A.; Silva Borba, M.G.; et al. Short-Course
of Methylprednisolone Improves Respiratory Functional Parameters After 120 Days in
Hospitalized COVID-19 Patients (Metcovid Trial): A Randomized Clinical Trial. Front. Med. 2021,
8, 758405.

26. Dequin, P.-F.; Meziani, F.; Quenot, J.-P.; Kamel, T.; Ricard, J.-D.; Badie, J.; Reignier, J.; Heming,
N.; Plantefève, G.; Souweine, B.; et al. Hydrocortisone in Severe Community-Acquired
Pneumonia. N. Engl. J. Med. 2023.

Retrieved from https://encyclopedia.pub/entry/history/show/100501


