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Clinical Course of ARDS

Exudative phase

Edema

Hyaline
Membranes

Proliferative phase

Interstitial Inflammation

Day: 0 2

Healthy Exudative phase

|

|

|

Bronchial ——— |
epithelium '
|

|

Basement ~
= s

2

Sloughing of

bronchial epithelium
/

Bacteria, virus, fungi,
trauma, gastric contents, etc.

Apoptosis or necrosis of AECI and AECI
leading to release of biomarkers of
epithelial injury

cell

contractile apparatus

Surfactant | \ _(SRAGE, SP-B, SP-D, CC-16, laminin y2, KL-6)
fopee | Intraalveolar flooding (
| l - h edema fluid
| Mldike macrophage A2\
| Teell NETs| ————————Inactivated surfactant
AECI Injury | LTB4 \
Alveolar e | ——Neutrophit-mediated
macrophage CD86 / ROS \ epithelial injury
, | / 1 ]
\ l —— MMPs )
b L NF-x8 — Damage to basement
. % ) : TNF ™ Histones | St
- PSR, PRR L1 Elastase or MPO
AECH PAMP (e5, LPS) I :ti
& DAMP (e.g., HMGBI, mtDNA) 2
A (ee | cc2 -~ Hyaline membrane
| cey. v formation along the
ete. | +——denuded basement membrane
| Edema J |
| fluid / /
Intraalveolar {_/ Tissue factor-dependent coagulation
space | ¥ duetoanimbalance between
| procoagulants and anticoagulants
Interstitium | (e.g. APC)
Fibroblast )
\ | 7
ENaC | —
Capillary Na¥JK | Fesre
ATPase—W E | — |
Monoqyte Endothelial injury leading to
” the release of biomarkers of
B | endothelial injury
| (VEGF, Ang-2, GAGs, vWF, sICAM-1)
Intravascular coagulation leading to platelet
Red cell | :
aggregation and microthrombi formation
Neutrophil I
et Endothelial barrier disruption
Endothelial | M via activation of the actin-myosin
|

14

A Proliferative phase

Airway progenitor and AECII

Bronchialem—
proliferation and differentiation

epithelium

into AECI
Phagocytosis of
_ aecn £ apoptotic neutrophils
M1-like 3 (efferocytosis)
macrophage
Reestablishment of tight
Neutrophil junctions and adherens
-' junctions, leading to
restoration of epithelial
barrier function
|RF4
STATS!
o
™
M2-like
h \ Lipoxins
iy «  Resolvins
g, o KGF
/ HGF /'
il \% ‘
l y Transient proliferation
Chemokine :‘g‘cf b of fibroblasts, leading
cleavage - to provisional matrix
\ formation
Enac MO

a \n \’
LCHR '\ r (B

Nat/k*
ATPase

Endothelial-cell proliferation
and restoration of endothelial
barrier function
Reexpression of alveolar ion channels
and AQPS leading to resorption
of alveolar edema fluid

Drainage of interstitial edema
fluid through the lymphatic system

Fibrotic phase

Fibrosis

21 ..

B Fibrotic phase

Extensive damage to basement
membranes leading to failure in
reepithelialization

Persistent intraalveolar
ing Denuded basement

membrane and lack of

surfactant production

Persistent intraalveolar
coagulation

M2-ike
macrophage

g"gﬂ"
‘Widespread and extensive

deposition of extracellular matrix
_leading to interstitial and

Activated 33"
AECHH

Extensive and prolonged
proliferation of fibroblasts

and differentiation into
Obliteration of  pighly synthetic myofibroblasts
microcapillaries

N Engl J Med 2017;377:562




Prognosis of ARDS

No Chanage of High Mortality Over Time
- e N A

1.0
0.9

Pooled weighted mortality

D.D T T T T T T T T T T T T T T T T T T T T T

1981 1982 1983 1984 1985 1986 1987 1988 1985 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Median year of study conduct

—&— Observational studies
«+r+» Randomized controlled trials

Am J Respir Crit Care Med 2009;179:220



Treatment of ARDS

No Specific Treatment

» (General supportive care: mainstay of treatment

Recognition and treatment of the underlying medical and surgical disorders
(e.g., sepsis, aspiration, trauma)

Minimizing procedures and their complications: lung protective ventilation

Prophylaxis against DVT, Gl bleeding, aspiration, excessive sedation, and
central venous catheter infections

Prompt recognition of nosocomial infections
Provision of adequate nutrition

 Fluid management: restrictive fluid balance

Increased ventilator free days, ICU free days

N Engl J Med 2006;354:2564-75
JAMA 2018;319:698




Proposed therapy

Impact on outcome

Major study

Surfactant No effect N Engl J Med 1996;334:1417
Liposomal prostaglandin E1 | No effect Crit Care Med 1999;27:1478
Ketoconazole No effect JAMA 2000;283:1995
Activated protein C No effect N Engl J Med 2001;344:699
Lisofylline No effect Crit Care Med 2002;30:1
Neutrophil elastase inhibitor | No effect Crit Care Med 2004,32:169
Inhaled NO No effect JAMA 2004;291:1603
Omega-3 fatty acids No effect JAMA 2011;306:1574
Beta-adrenergic agonist No effect Lancet 2012;379:229

Corticosteroids

Mixed results

Controversial
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Target for Corticosteroid Treatment

TN

‘(\;nm\'-

Inhibition of Inflammation

Actions of
Corticosteroids

; Alveolus —
Decreased extravasation “Y{":

- | ‘ —~
' of fluid thl.'ough z) 7"('-r“"\ Alveolar
intercellular junction

\  macrophage - ‘
S phage L &
.'-“':‘-..- . -~ : .v ¥ 'r':':::" M
'y E , Ml e L 7 Platelets  Capillary
. o+ ‘.‘ ; )
~V_ K e - _ W/ 1 )
X 1 " \ \ B T ‘, ‘J' Y |
I“ . .‘l r \‘ ! - 2 )
- )’ ! - . - 4

Inhibition of
adhesion of neutrophils

to endothelial cell
Leukocyte

Red cell

Leukocyte

N Engl J Med 2006;354:1739




Inflammatory cells Structural cells

Eosmophll
! Numbers . 3 Eplthellal cell

(apoptosus)

' | Cytokines
T-Iymph o ! Mediators
! Cytokines ’ Endothelial cell
f ) ! Leak

M“* N __CORTICOSTEROIDS

1 Numbers Q, . Airway smooth mTu[s;Ie
,-receptor
b ! Cytokines

Mucus gland

l Cytokmes
@ ‘

Dendrltic cell 4 Mucus

l Numbers secretion

« Anti-inflammatory effect of corticosteroid might prevent or ameliorate

parenchymal lung injury in patients with sepsis or risk for ARDS
N Engl J Med 1981;305:456
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Corticosteroid for Preventing ARDS

Summary of Trials

_ _ - Incidence of ARDS
Study Design | Underlying condition :
Steroid group | Control group | P value
Sprungetal | RCT | Septic shock 24% 13% NA
(14% in DEXA)
Weigeltetal | RCT | Respiratory failure at | 64% 33% 0.008
risk for ARDS
Bone at al RCT | Sepsis 32% 25% 0.1
Luce et al RCT | Septic shock 34% 38% NS

» No effect of early, short-course, high-dose corticosteroid on preventing the progression of

ARDS
N Engl J Med 1984;311:1137
Arch Surg 1985;120:536
Chest 1987;92:1032
Am Rev Respir Dis 1988;138:62



High-dose Steroid Therapy In ARDS

=14\

Short-course, High-dose

HIGH-DOSE CORTICOSTEROIDS IN PATIENTS WITH THE ADULT RESPIRATORY
DISTRESS SYNDROME

Gorpon R. BErNARD, M.D., Joun M. Lucg, M.D., Cuarres L. Sprung, M.D., Jean E. RinaLpo, M.D.,
RoBerT M. TaTe, M.D., WiLLiaM J. SiBBaLD, M.D., Knavi Kariman, M.D., StanLey Hiceins, Pu.D.,
RoBerTA Braprey, M.S.N., Craic A. Merz, M.S., Tuomas R. Harris, M.D., Pu.D.,
anD KenneTH L. Bricuam, M.D.

Abstract Corticosteroids are widely used as therapy for

the adult respiratory distress syndrome (ARDS) without
DTOUf of efficarv Wa ~nndunrtad a nrnenantiva  randnm.

We observed no statistical differences between groups

in these characteristics upon entry or during the five
dave aftar antrv Fortv-fiva dave aftar entry there were

ized, double-t Inisolone and
nisolone therz METHYL- - 30 of 50 [60
diffuse bilater PREDNISOLONE PLacepo 46 to 74] and
sence of cong jence interval,
nary-artery ca No. of patients 50 49 of ARDS (18

sepsis (27 pe nt]; P = 0.77).
pancreatitis (: - ntervals in the
(1 percent), a mean =SEM clude a small
cause (42 pe cations were
nisolone (30 Age (¥1) 55+2 562 (g of 50 [16
six hours for Mechanical ventilation before entry 2.8+0.5 1.9x0.4 ) [10 percent];

cording to tr

were made c. ,._(flfys)
pressure of arterial oxygen to partlal pressure of alveo-
lar oxygen, the chest radiograph severity score, total
thoracic compliance, and pulmonary-artery pressure.

oy ammr  wrr smmrosamero=ag e rmmrrr wrr pwer wrwes

—— e g s --.blished ARDS
due to sepsis, aspiratlun or a mixed cause, high-dose
methylprednisolone does not affect outcome. (N Engl J
Med 1987; 317:1565-70.)
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N Engl J Med 1987;317:1565




PERCENT

SURVIVING |
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DAYS FROM ENTRY

N Engl J Med 1987;317:1565
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High-dose Steroid Therapy in Septic ABQS
30mg/kge 6 h for 1 da

1S

p=<0.005

NCIIENGE REVERSAL 14 DAY
OF ARDS OF ARDS MORTALITY

Chest 1987:92:1032



The word, “controversy,” is repeatedly used to
describe the debate surrounding the use of ACS
in patients suffering from ARDS. Prominent clinicians
and scientists are on opposite sides of the issue quoting
well-done work to support their views.!® Recent
carefully performed studies have shown short-term,
high-dose adrenocortical steroids do not improve ul-
timate outcome.? Qur experience has led us to
question further the use of these agents in this
complicated problem. What is the effect of a longer
course of therapy? Can patient selection identify a

group or subset who may respond to this therapy?
What are the implications of gallium uptake by ARDS
lungs for pathogenesis and therapy?
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Corticosteroid Tx in Late ARDS

Target for Active Inflammation
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Corticosteroid Tx in Late ARDS

Representative Case

VENTILATOR
PEEP

SUPPLEMENTAL 0, -
ROOM AIR I

350 —

s

p0, (mm Hg)/FIO,

STEROID DOSE (mg/day)
A

H 9 13 17 21 25 20 33 37 41 45
HOSPITAL DAY Chest 1990:97:138




Corticosteroid Tx in ARDS

Sustained Course of Steroid Treatment

VENTILATOR } VENTILATOR =
PEEP EESES—— ' PEEP
SUPPLEMENTAL 0, [e— —— CPAP MASK p— —
SUPPLEMENTAL 0, — —
ROOM AIR —
¢
5 350
=
i . -
o 2507 s
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E 100 §
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Chest 1990;97:138




Effects of Sustained Course of Steroid Trea,tméffhlé

Case Series: Survival in 75%
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Chest 1991;100:943



Eligible Subjects: 33

7 days of MV with LIS of 2.5 or
greater and less than 1-point reduction
from day 1 of ARDS

§MUmlzed @

Received Standard
Intervention as
Allocated: 8

Received
Methylprednisolone
Intervention as
Allocated: 16

Improved by Day 10 of
Treatment: 2

Improved by Day 10 of
Treatment: 16

Withdrawn Because of
Gastrointestinal
Bleeding: 1

Withdrawn Because of
Recovery of Candida
From Multiple Sites: 1

Completed Tral: 7

Completed Tral: 15

Corticosteroid treatment

Loading dose 2mg/kg
D1~14: 2mg/kg/d
D15~21: 1mg/kg/d
D22~28: 0.5 mg/kg/d
D29~30: 0.25 mg/kg/d
D31~32: 0.125 mg/kg/d

If the patients was extubated
prior to day 14, treatment was
advanced to day 15 of drug
therapy and tapered according
to schedule

JAMA1998;280:159




Prolonged Corticosteroid in ARDS

Clinical Outcomes
I [ e

! t n 1.00; .
- ©
] 0.75- L--I
5 7 _.::'.. I
300+ + T = kfpe— e
250 * © I
' 2001 S 0.501 :
L-'é?; 1501 a E
S 100- _E g
50+ [0 Ao
04 = 0.25- :
10 C |
o I
O |
v 0.00 T T Tk T T
A 0 25 50 75 100 125
S No. of Days After Randomization

Study Day
JAMA 1998;280:159




Prolonged Corticosteroid in ARDS

Limitation: Different Baseline Characteristics

Characteristics Methylprednisolone Placebo P Value
At Onset of ARDS
MNo. of patients 16 8 NA
No. of male patients 3] 4 42
Age, mean (SEM), y 47 (3.9) 51 (6.6) 58
APACHE Il score, mean (SEM){ 58 (14) 55 (16) .61
Direct cause of ARDS, No. (%)t 9 (56) 6 (75) 66
Presence of sepsis, No. (%) 12 (75) 5(63) 65
Presence of septic shock, No. (%) 10 (63) 3(38) 39
Ratio of Pa0, to Fio,, mean (SEM) 110 (11) 123 (11) 30
Lung injury score, mean (SEM) 29(0.1) 2.9(0.1) a7
MODS score, mean (SEM) 2.4(0.3) 2.0(0.3) 37
At Study Entry
No. of patients 16 B NA
Duration of ARDS, mean (SEM), y 94(09) 8(1.2) 70
Recent nosocomial infections, No. (%)% 8 (50) 2 (25) 39
Temperature, mean (SEM), °C 373(03) 3r8(04) 29
Pulmonary artery pressure, mean (SEM) 31 (4.1) 3(3.2) 53
Ratio of Pao; to Floé mean (SEM) 161 (14) 141 (19) 39
PEEP, mean (SEM), cm H,O 12 (1.2) 4(1.7) 26
Lung injury score, median (IQR) 30(25-34) 3(3.0-36) 16
MODS score, median (IQR) 15(1.0-2.0) 5(1.0-3.0) 22
Presence of pneumothorax, No. (%) 5(31) 2(25) 99

JAMA 1998;280:159
GGEEEEEEERERERERESBS



Moderate Dose of Steroid in ARDS

ARDS Clinical Trial Network

wn
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Days after Randomization
N Engl J Med 2006;354:1671



Characteristic

Days from ARDS onset
to study entry

Direct lung injury (%)

Indirect lung injury (%)%

APACHE 11l scoref
PaO,:h0O,
No. of patients

Plateau pressure (cm of
water)

No. of patients
Cstat|

No. of patients
Lung Injury Score®*

No. of patients

Total Population

Placebo
(N=91)

11.3+4.0

56
44

84,6294
126+40
86
33.8+9.7

65
24.9+11.7
6l
3.0+1.1
39

Methyl-

prednisolone

(N=289)
11.3+3.8

54
46

87.6+27.5
126+42
84
34.5+£10.0

66
23.3x10.2
63
3.3=0.9
el

Randomization within 7-13 Days

after ARDS Onset
Methyl-
Placebo prednisolone
(N=66) (N=66)
9.3x2.0 9.4+2.0
62 52
38 43
86.8+31.6 87.9+28.4
125.4+42 124.6+44.7
63 62
33.2+8.1 34.419.5
47 51
24.4+10.5 24.8+10.5
45 48
3.1+1.0 3.1+0.9
44 46

Randomization within 14-28 Days
after ARDS Onset

Placebo
(N=25)

16.6+3.0

40
60

78.8+22.2

125.5+34.4
23

35.2+13.1

18
26.3£14.8
16
2.7+1.2
15

Methyl-

prednisolone

(N=23)
16.62.4

6l
39

86.9+25.3

128.4+34.6
22

35.0+11.7

15
18.4+7.4
15
3.7+0.3
15

N Engl J Med 2006;354:1671
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Prolonged Corticosteroid in Late ARDS .

ARDS Clinical Trial Network
)

Placebo Methylprednisolone

Variable (N=91) (N=89) P Value
60-Day mortality (%) 28.6 29.2 1.0

95%: Cl 20.8-33.6 20.8-39.4
MNo. of ventilator-free days at day 28 6.8+8.5 11.2+9.4 <0.001
MNo. of organ-failure—free days

Cardiovascular failure 17.9+10.2 20.7+8.9 0.04

Coagulation abnormalities 22.1z8.6 22.2+8.3 0.24

Hepatic failure 21.4+10.2 21.2+10.2 0.70

Renal failure 21.4+10.2 22.8+8.7 0.36
No. of ICU-free days at day 28 6.2+7.8 8.9+8.2 0.02
Mo. of serious adverse events associated with 0 9 0.001

myopathy or neuropathy

Suspected or probable pneumonia (%) 14 6 0.05
MNo. of episodes of shock/no. of patients 17/15 6/5 0.03
Mo. of serious infections/no. of patients 43/30 25/20 0.14
Amylase on day 7 (U/liter) 73+50 125+131 0.003
Glucose on day 7 (mg/dl) 144.0+61.8 158.7+64.4 0.14
60-Day mortality according to time from ARDS onset

7-13 Days (%) 36 27 0.26

No. of patients 66 66
>14 Days (%) 8 35 0.02
No. of patients 25 23

N Engl J Med 2006;354:1671
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Comparison of Protocols

Duration of ARDS before enrollment: 8.8 ~ 9.4 days

Meduri’s protocol

Day of Total Daily Dose of
Treatment Methylprednisolone, mg/kg
1 (Loading dose) 2

1-14* 2

15-21 1

22-28 0.5

29-30 0.25

31-32 0.125

*In patients extubated prior to day 14, therapy was
advanced to day 15 of the treatment algorithm and
tapered according to schedule. Doses were given as

25% of total daily dose every 6 hours IV and changed
to an equivalent single daily oral dose when possible.

Duration of ARDS before enrollment: 9.3 ~ 9.4 days

ARDS Net protocol

Day of Total Daily Dose of
Treatment Methylprednisolone, mg/kg
1 (Loading dose) 2

1-14 2 (0.5 q6h)
15-21* 1(0.5 q12h)

*In patients who completed 21 days of treatment and
still required mechanical ventilation, corticosteroids
were tapered over 4 days. Treatment was tapered over
2 days in patients who were extubated for >48 hours
prior to study day 21, developed disseminated fungal
infections, or developed septic shock.




Post-hoc Analysis for

Nonresponders Responders All Patients
Placebo Steroids Placebo Steroids Placebo Steroids
(n = 67) (n = 62) P (n = 25) (n = 23) P (n = 92) (n = 85) P
Day 28 mortality 50 (75) 33 (33) 12 (48) 16 (70) 62 (67) 49 (58)
Unadjusted hazard ratio 0.60 (0.38-0.93) 021 e .360° 0.74 (0.51-1.08) 123
Adjusted hazard ratio 0.57 (0.36-0.89) 013 “ “ 0.58 (0.39-0.85) 005
Relative risk 0.71 (0.54-0.94) 011 1.45 (0.89-2.36) 130 0.86 (0.67-1.08) 180
Adjusted odds ratio 0.35 (0.15-0.82) 016 2.29 (0.49-10.64) .290 0.48 (0.23-0.98) 043
ICU mortality 53 (79) 36 (58) 14 (56) 17 (74) 67 (73) 53 (62)
Relative risk 0.73 (0.57-0.94) 010 1.32 (0.86-2.02) 195 0.86 (0.70-1.05) 136
Adjusted odds ratio 0.35 (0.15-0.82) 016 1.80 (0.37-8.87) AT0 0.49 (0.24-0.99) 046
Hospital mortality 53 (79) 37 (60) 14 (56) 17 (74) 67 (73) 54 (64)
Relative risk 0.75 (0.59-0.96) 016 1.32 (0.86-2.02) 195 0.87 (0.71-1.07) 184
Adjusted odds ratio 0.38 (0.16-0.88) 025 1.80 (0.37-8.87) AT0 0.52 (0.26-1.06) 072

Crit Care Med 2006;34:22



Rando mized (N = 91)

e

MethyIprednisolone infusion
(N =63)
Intention-to-treat analysis

Placebo
(N=28)
Intention-to-treat analysis

A4

AY4

Received allocated
intervention > 24 h (N = 61)

Rece ived allocated
intervention < 24 h (N = 2)%

Received allocated
intervention > 24 h (N = 27)

Received allocated
intervention <24 h (N = 1)%

v

v

Protoco | violation
(N=5)%

Discontinued Intervention

Protoco | violation
(N=0)

Discontinued Iintervention

(N=1) (N=3)
Methy Iprednisolone infusion Placebo
Per proto col analysis Per proto col analysis
(N = 55) (N = 24)

e Corticosteroid treatment within
72 h of diagnosis

Loading dose 1mg/kg
D1~14: 1mg/kg/d
D15~21: 0.5mf/kg/d
D22~25: 0.25 mg/kg/d
D26~28: 0.125 mg/kg/d

If the patient was extubated
between days 1 and 14, the
patient was advanced to day
15 of drug therapy and

tapered according to schedule
Chest 2007;131:954




Early (=< 72 h) Corticosteroid Therapy in A. E

Change of LIS over 7 Days

3.4+ =4 Methylprednisclone
32{ & %\ —O ~Placebo

e

Chest 2007:131:954
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Early (=72 h) Corticosteroid Therapy in ¢

Clinical Outcomes

Belative Risk

Methylprednisolone Placebo (95% Confidence Interval)
Variables (n = 63) (n = 28) [n=91] p Value
Extubated or with = 1-point reduction in LIS 44 (69.8) 10 (35.7) 1.96 (1.16-3.30) 0.002
Patients breathing without assistance 34 (54.0) 7(25.0) 2.16 (1.09-4.26) 0.01
LISt (mean *+ SE) 2.14 = 0.12 2.68 = 0.14 0.004
Pa0,/F10, ratio in ventilated patients (mean = SE) 256 = 19 179 = 21 0.006
PEEP, cm H,O 10,1 =46 129 +53 0.10
Mechanical ventilation-free days} 22+21 1.1=19 0.02
MODS scoret § 090 1.1 1914 0.002
Patients with MODS score = 1 33 (54.1) 23 (85.2) 0.64 (0.45-0.54) 0.005
C-reactive protein level, mg/dL 29+x41 13.1 = 6.8 << 0.0001
Cortisol level, pg/dL 57+21 180 = 1.6 < 0.0001
Patients with new infection|| 10 (15.9) 5 (25.6) 0.56 (0.25-1.26) 0.16
Patients with ventilator-associated pneumonia 4(6.4) 6(21.4) 0.30 (0.09-0.97) 0.06
Survivors 56 (88.9) 22 (78.6) 1.13 (0.92-1.40) 0.21
Patients with unresolving ARDS treated with 5(7.9) 10 (35.7) 0.22 (0.058—0.59) 0.002
open-label methylprednisolone at 2 mg/kg/dy
Duration of mechanical ventilation, df 5(3-8) 9.5 (6-19.5) 0.002
Mechanical ventilation-free days to day 28% 16.5 = 10.1 8.7 +10.2 0.001
Length of ICU stay, d 7(6-12) 14.5 (7-20.5) 0.007
Survivors of ICU admission a0 (79.4) 16 (57.4) 1.39 (0.95-1.96) 0.03
Length of hospital stay 13.0 (8-21) 20.5 (10.540.5) 0.09
Survivors of hospital admission 48 (76.2) 16 (57.1) 1.33 (0.94-1.89) 0.07
Chest 2007:131:954



Hydrocortisone Placebo Relative risk p Value
(n=98) (n=99) (95 % Cl)
Primary outcome
Mortality at 28 days, n (%) 22 (225) 27(273) 082 (050-1.34) 051
Secondary outcomes
Mortality at 60 days, n (%) 34 (347) 40 (404) 086 (060-1.23) 046
Duration of mechanical ventilation up to day 28, days 118+78 139490 0.17
Mechanical ventilation-free days to day 28 120£97 974100 0.17
Duration of vasopressor treatment,” days 48130 68157 0.16
Renal replacement therapy, n (%) 2 (224) 22(22)) 101 (0.86-1.16) 1.00
Duration of renal replacement therapy dependent,” days 81166 82152 094
Alive on day 28 without organ support, n (%) 64 (65.3) 55 (556) 118 (0.94-148) 0.19
Organ support-free days to day 28" 119£97 95+98 0.13

Crit Care 2016:20:329



— 350
)
I
E 300 +
L
E 250 -
) :
w200+ .
é"
S 150 - Placebo
o ~™“r Pk = emmeee- Hydrocortisone
100 g | LI™
3]
® 154  TY¥eeel
Days from randomization > L
= { ...... * = 1
= 4y =T e Shinsmam
5 1
c
=
-
0.5 A
0 T T T T T T T 1
0 1 2 3 4 5 6 7 14

Days from randomization

Crit Care 2016;20:329



DEXA-ARDS Study, Spain
T ——

Dexamethasone treatment for the acute respiratory distress
syndrome: a multicentre, randomised controlled trial

Jesus Villar, Carlos Ferrando, Domingo Martinez, Alfonso Ambrés, Tomds Munioz, Juan A Soler, Gerardo Aguilar, Francisco Alba,
Elena Gonzdlez-Higueras, Luis A Conesa, Carmen Martin-Rodriguez, Francisco | Diaz-Dominguez, Pablo Serna-Grande, Rosana Rivas, José Ferreres,
Javier Belda, Lucia Capilla, Alec Tallet, José M Andn, Rosa L Ferndndez, Jesis M Gonzdlez-Martin for the dexamethasone in ARDS network™

« Potent anti-inflammatory and weak mineralocorticoid effects compared
with other corticoids

— 20~30 times more potent than the naturally occurring hormone cortisol
— 4~5 times more potent than prednisone

« Long lasting, allowing for a regimen of one dose per day
Lancet 2011; 377: 2023

« 10 days of administration: 20 mg once daily from day 1 to day 5, and then
reduced to 10 mg once daily from day 6 to day 10.



Time of Enrollment

DEXA-ARDS Study, Spain

Dexamethasonegroup  Control group (n=138)
(n=139)
Age, years 56 (14) 58 (15)
Sex
Female 43 (31%) 43 (31%)
Male 96 (69%) 95 (69%)
Sequential Organ Failure Assessment score* 87 (31) 8-6(3-2)
Time from intubation to randomisation, days 2:1(2-6) 2-1(2:6)
Time from ARDS diagnosis to randomisation, days 1-0(0-1) 1-0(0-2)
Cause of ARDS
Pneumonia 75 (54%) 72 (52%)
Sepsis 33 (24%) 34 (25%)
Aspiration 18 (13%) 15 (11%)
Trauma 11 (8%) 10 (7%)
Others 2 (1%) 7 (5%)
Degree of lung severity, number of patients
Moderate (100 <Pa0,/FiO, <200) 118 121
Severe (Pa0,/FiO, <100) 21 17
Pa0,/FiO,, mm Hg 142-4 (37-3) 143-5(33-4)

Lancet Respir Med 2020;8:267
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Clinical Outcomes

DEXA-ARDS Study, Spain

Dexamethasone Control Between-group p value
group (n=139)  group difference (95% Cl)
(n=138)
Ventilator-free days at 28 days 12-3(9-9) 7-5(9-0) 4-8 (2-5/to 7-03) <0-0001
All-cause mortality at day 60 29 (21%) 50 (36%)  -15-3% (-25-9 to-4-9) 0-0047
ICU mortality 26 (19%) 43(31%)  -12-5% (-22-4t0-2-3) 0-0166
Hospital mortality 33 (24%) 50 (36%)  -12-5% (-22-9to-17) 0-0235
Actual duration of mechanical 14-2 (13-2) 19-5(13-2) -53(-84to-2-2) 0-0009
ventilation in ICU survivors, days
Actual duration of mechanical 14-3(13-3) 20-2 (14-0) -59(-9-1to-2-7) 0-0004
ventilation in survivors at day 60, days
Adverse events and complications*
Hyperglycaemia in ICU 105 (76%) 97 (70%) 5-2% (-5-2t0 15-6) 0-33
New infectionsin ICU 33 (24%) 35 (25%) 1-6% (-8-5to0 11-7) 0-75
Barotrauma 14 (10%) 10 (7%) 2-8% (-4-0t0 9-8) 0-41

Lancet Respir Med 2020;8:267
GGEEEEEEERERERERESBS



Steroid Therapy in ARDS

Acute Respiratory Distress Syndrome

v |} v ¥
Prevention Early phase Late phase Late phase
(<72 h) (day 7 ~ 14) (day 15 ~ 28)

l

l

l

l

No benefit and high
dose may be harmful

Treatment with
corticosteroid may
result in improved lung
function, fewer days
requiring MV, and
lower ICU mortality

Treatment with
corticosteroid may
result in fewer days
requiring MV, fewer
days in the ICU, and
more cardiovascular
failure free days

No benefit and
associated with an
increase in mortality

AT

1oL




Costicosteroid for ARDS

Meta-analysis of 4 RCTs
B [

All-cause 28- or 30-day mortality

Corticosteroids  Control 0dds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Annane 2006 49 85 62 92 29.1% 0.66 [0.36, 1.22] 2006 — &
Meduri 2007 12 63 10 28 11.0% 0.42[0.16, 1.15] 2007 —
Tongyoo 2016 22 9% 27 99 26.0% 0.7710.40, 1.48] 2016 —
Villar 2020 25 139 40 138 33.9% 0.54[0.30, 0.95] 2020 ——
Total (95% Cl) 385 357 100.0% 0.61 [0.44, 0.85] <P
Total events 108 139

it Tap? = Chi = - 1P = = I I I I I I
Heterogeneity: Tau® = 0.00; Chi* = 1.27, df = 3 (P = 0.74); I' = 0% 0l 02 o ] -

Test for overal effect: 2 = 2.93 (? = 0.003) Favours [corticosteroids] Favours [control]

All-cause 60-day mortality

Corticosteroids ~ Control Odds Ratio Odds Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Meduri 2007 15 63 11 28 14.5% 0.480.19, 1.25] 2007 —
Tongyoo 2016 34 98 40 99 39.6% 0.78 [0.44, 1.40] 2016 —a—
Villar 2020 29 139 50 138 45.9% 0.46[0.27,0.79] 2020 —i—
Total (95% CI) 300 265 100.0% 0.57 [0.40, 0.83] <>
Total events 78 101

it Tl = (1 00 Chi = 7P = = | | I I I I
Heterogeneity: Tau® = 0.00; Chi‘ = 1.84, df = 2 (P = 0.40); I = 0% 0l 0L o ) A

Test for overall effect: Z = 2.99 (P = 0.003) Favours [corticosteroids] Favours [control]

J Intensive Care 2020:8:91
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Table 1— Patient Experience: Established ARDS Treated with Sustained ACS

ACS
Therapy, Days
Dwration " v
ARDS of ARDS, Total Dose/(Mg/Day) Computer

Classification* Days Duration =240 =40 Ratio QOutcome

Isolated 40 150 None 19 - 2 Survived

Complicated 7 28 10 20 1.7 3 Died

1.95 2

3 Isolated 25 21 4 13 - Survived
4 Isolated 7 28 2 5 . 3 Survived
5 Isolated 3 21 4 10 2.41 3 Survived
6 Complicated 4 14 5 14 3.9 3 Died
7 Complicated 5 28 3 8 1.86 2 Survived
8 Isolated 3 22 4 7 7.79 2 Survived
9 Complicated 8 37 4 12 e - Survived
10 Complicated 9 30 4 14 1.46 Survived

Chest 1990:97:138




Corticosteroid for ARDS

CONFERENCE REPORTS AND EXPERT PANEL
@CmssMark

Guidelines for the diagnosis

and management of critical illness-related
corticosteroid insufficiency (CIRCI) in critically ill
patients (Part I): Society of Critical Care Medicine
(SCCM) and European Society of Intensive Care
Medicine (ESICM) 2017

Djillali Annane'’, Stephen M. Pastores®’, Bram Rochwerg?®, Wiebke Arlt*, Robert A. Balk®,

Albertus Beishuizen®, Josef Briegel’, Joseph Carcillo®, Mirjam Christ-Crain®, Mark S. Cooper'®,

Paul E. Marik!!, Gianfranco Umberto Meduri'?, Keith M. Olsen'?, Sophia Rodgers', James A. Russell'”
and Greet Van den Berghe'®




-
o

In summary, the task force suggested that methylprednisolone be
considered in patients with early (up to day 7 of onset; PaO2/FiO2 of <200)
In a dose of 1 mg/kg/day and late (after day 6 of onset) persistent ARDS in
a dose of 2 mg/kg/day followed by slow tapering over 13 days

Methylprednisolone is suggested because of its greater penetration into
lung tissue and longer residence time.

Furthermore, methylprednisolone should be weaned slowly (6—-14 days)
and not stopped rapidly (2—4 days) or abruptly as deterioration may occur
from the development of a reconstituted inflammatory response.

Finally, glucocorticoid treatment blunts the febrile response; therefore,
infection surveillance is recommended to ensure prompt identification and
treatment of hospital-acquired infections.

Intensive Care Med 2017; 43:1751



1.20.2 Non Covid 19

Annane 2006 49 85
Liu 2012 2 12
Meduri 1998 2 16
Meduri 2007 15 63
Rezk 2013 0 18
Steinberg 2006 20 89
Tongyoo 2016 34 98
Villar 2020 29 139
Subtotal (95% Cl) 520
Total events 157

62
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12
3

26

40

50

205

92
14

8
28

9
91
99

138
479

21.6%
2.0%
1.9%
7.9%
0.5%

11.8%

15.3%

14.0%
74.9%

Heterogeneity: Tau” = 0.06; Chi* = 13.33,df = 7 (P = 0.06); I’ = 47%

Test for overall effect: Z = 2.60 (P = 0.009)

0.86 [0.68, 1.08]
0.33[0.08, 1.31]
0.20 [0.05, 0.81]
0.56 [0.30, 1.03]

0.080.00,1.32] ¢
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0.86 [0.60, 1.23]

0.58 [0.39, 0.85]
0.71[0.54, 0.92]

0.05

o

0. 2
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Intensive Care Med 2021:47:521
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Adverse Events of Corticosteroids

~ Prolonged Treatment

 Critical illness polymyoneuromyopathy (weakness)
— Increased severity of neuromyopathy

« Hyperglycemia

 Gastrointestinal bleeding

* Risk of secondary infection
— Increased incidence of bacterial superinfection

— Associated with opportunistic infection

N Engl J Med 2008;358:111
Pharmacotherapy 2022;42:71

» Associated with poor outcomes: may compensate the positive effect
of prolonged corticosteroid treatment




CMYV Reactivation in ARDS

MARS Cohort, Netherland

1007 p— - . B High reactivation
B Low reactivation

Hl No reactivation

% of patients

1 2 3 4 o)
Time in ICU (weeks)

» CMV reactivation was associated with overall increased ICU mortality

(adjusted subdistribution hazard ratio (SHR) 2.74, 95 % CI1 1.51-4.97)
Intensive Care Med 2016;42:333
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Evaluation of Responsiveness at Day 7.+

« Responsiveness to corticosteroid treatment at 7 days
— Weaning from MV within 7 days after treatment

— Improvement in lung function defined as follows
* Reduction in lung injury score (LIS) > 1 point
« LIS at 7-day < 2.0 (for study entry LIS <2.9) or < 2.5 (for study entry LIS > 3.0)
Chest 2007;131:954

Corticosteroid treatment
- Loading dose 1mg/kg

- D1~14: 1mg/kg/d

- D15~21: 0.5mf/kg/d

- D22~25: 0.25 mg/kg/d
- D26~28: 0.125 mg/kg/d

=F

- enr | 72hr (D1) I3 Y >T
Intubation ime
PF ratio PF ratio PF ratio
LIS LIS LIS
CPIS CPIS
Laboratory tests Laboratory tests
- Procalcitonin - Procalcitonin
-CRP - CRP

Yonsei Med J 2015:;56:287
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Comparisons of Clinical Outcomes

Responders vs. Non-responders

LLTA LA AR
111 LY

i

1

i
!
i

Characteristics Responders (n = 10) Nonresponders (n = 10) | P value
Clinical outcomes

ICU mortality 1(10) 8 (80) 0.005

Length of stay in ICU, days 8.5 (7.0-20.0) 21.5 (17.0 — 28.0) 0.089

In-hospital mortality 3 (30) 9 (90) 0.020
Severity of ARDS

Lung injury score 3.0(2.7-3.3) 2.9 (2.8-3.0) 0.631

PF ratio 170.5 (149.4 — 192.8) 127.2 (117.1 — 143.8) 0.023
NT-proBNP, pg/mL 2094 (921 —5572) 5478 (713 — 17489) 0.529
Procalcitoin, ng/mL 0.51 (0.29 - 1.80) 0.61 (0.39 - 1.27) 0.853
CRP 18.8 (14.7 — 21.9) 15.7 (10.9 — 24.9) 0.631
Serum TGF-3, pg/mL 4326.9 (3098.7 — 11358.5) |3451.7 (15.5—12220.5) 0.684
Serum IL-6, pg/mL 87.3 (26.2 — 385.1) 134.2 (47.5 - 210.4) 0.739
Serum TNF-a, pg/mL 13.7 (12.2 - 18.7) 12.6 (10.8 — 18.6) 0.796
BAL TREM-1, pg/mL 313.6 (208.9 — 329.8) 520.5 (368.8 — 697.8) 0.029
BAL procollagen, ng/mL 14.5 (11.8 — 27.9) 26.3 (11.6 — 73.5) 0.280
Changes at day 2 after treatment

Change in LIS -1.0 (-1.0--0.8) 0(-0.3-0) <0.001

Change in PF ratio 44.0 (3.4 — 52.8) -3.7 (-18.8 — 43.0) 0.278

Yonsei Med J 2015:;56:287



Steroid Therapy in ARDS

Summar

 Corticosteroid treatment should be considered in the management of
ARDS

— Asearly (< 72 h) as possible, or within 7 ~ 14 days
— Low-dose steroid therapy
— Prolonged course

« SMC protocol: early, low-dose, prolonged treatment
— Within 72 h (~ 7 days) after diagnosis of ARDS
— 1mg/kg loading and 1mg/kg/day over 24 h (CIV)

— Assessment of responsiveness to steroid therapy at 7 days: lung injury score
» Response (+): sustained steroid treatment for 14 days and tapered (28 days)
» Response (—): tapered within 7 days (14 days)
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