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® WHY I GIVE STEROIDS?
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DEFINITION OF CIRCI

Defined as dysregulated host response to acute
inflammation:

1inadequate cellular corticosteroid activity
for the severity of critical illness,

manifested by insufficient GC—GR -mediated down-
regulation of pro-inflammatory transcription factors.
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Comparison of benefits and harms

~— Eventsper 1000 pecple ————————, Evidence quality
Mortality 236 18 fewer 254 * % Low
MNewomuscular weakness 303 . m * % Low
Qh..rall'.tjl'ﬂl;Li-E - . Unknown : Mone
Stroke 10 :  Verylow
H}ru;an!ai inﬁ.mti_ﬂn 27 30 * ‘mr;,r Low

-~ Meannumberofdays —————
Length o ICU sty 131 Chk Mogerse

M Length of hospital stay 313 0.7 fewer 320 &% % Moderate
,-"

N
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ICU MORTALITY

Treatment Control Risk Ratio Risk Ritio
Study or Subgroup  Evenls Total Events Total Weight M.H, Fixed, 85% Cl M-H, Fixed, 95% Cl
Annang 2002 90 151 101 149 100% 0.88(0.74,1.04) ===
Annane 2018 A7 814 57 BN H0%  086([0.75, 089 =
Arabi 201 4 38 4 3 25% 092[066, 1.30) -
Bollagn 1953 g 1218 1.3% 038030, 1.10)
Briggal 1904 § 0 B 20 06% 06702220
Chawla 1989 B23 8 N 08% 06B([0.28 185
Confalonian 2005 0 23 T B 0% 00700140 Y—rm—m—m—m—m————t
Gardon 2014 TN 8 30 08% 0850035 204
Gordon 2016 56 208 53 23 S5i%  1.08[0.78,1.50) e
Hu 2004 i 38 B 39 06% 06B[01,229
Keh 2016 13 190 14 190 14% 093[045,1.92)
Wedur 2007 142 10 19 14% 050(0.26,0497)
Menon 2017 1 303 03% 0300004339 ¢
Rinaldi 2006 5 16 B 26 O08% 083(0.29,239
Sabry 2011 PR |1 B 40 08% 033[007,155 ¢

)

Sprung 2008 102 251 B9 47 Ba%  1.13[090,1.41]

Tores 2015 1 4 B 46 DB% 018[002,1.45) ¢
Venkatesh 2013 357 1853 309 1860 301% (090(D.79 1.02

Total (95% CI) 3636 3630 100.0%  0.89[0.83,0.96]
Total evenis 608 1015
Helerogeneity, Chif= 1918, df=17 (F=0.32); P=11% 'hz

Testfor overall effect 2= 315 (P = 0.002)
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HOSPITAL MORTALITY

Treatment Controd Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Annane 2002 85 15 103 149 11.0% 091|077, 1.07] ==
Anrane 2018 21 B4 184 627 124% 0,86 (0.75.0.98] -
Arabi 2011 3 3 36 108% 0.98(0.83,1.16) .
Bollaer 1998 g 2 1 18 149% 0.58 [0.30, 1.10)
Briegal 1999 5 20 B 0 0.8% 0.93]0.30, 2.29)
Chawla 1998 & 13 i 1 13% 0.55[0.24,1.23)
Confalonieri 2005 0 2 TR 0% 0.07(0.00,1.10] *
El Ghamrawy 2006 3 17 B 17 06% 0.50 |0.15, 1.68) *
FemandezSerrana 2011 1 28 1 B 01% 1.00 0,07, 15.21])
Gordan 2014 g N 3 W0 1% 0.860.38,1.93]
Gordon 2016 66 208 62 N3 65% 1.09(0.82,1.46] -1
kKeh 2016 331490 190 26% 1.05 |0.60, 1.81)
Luce 1988 Ly S 3 4% 1.07 [0.72, 1.60) _—
¥ 20y 3 a3 19 @0 3% 1.25(0.77, 2.04]) —
Mc Hardy 1972 340 9 8 06% 0.72(0.20, 2.51]
Medur 3007 13 42 10 19 21% 0,59 |0.32,1.09)
Meipis 2011 g8 15 g 153 049% 1.01 ]0.39, 2.63)
Matag 2013 4 B0 B I 07 022 [0.07, 0.71]
Rinaldi 2006 [ T W% 10% 0861033, 2.2]
Schurner 1976 9 b 33 86 18% 0.271014,053) +——
Sprung 1984 3 43 11 16 47% 142077, 1.61) SR o
Sprang 2008 111 25 100 245 9.3% 1.08 0,28, 1.33]
Tandan 2005 1 14 13 14 B0% 085062, 1.15] —
Tames 2015 B 61 9 58 09% 0,64 (0,24, 1.70]
Yenkatash 2018 478 1853 S04 1960 134% 0.95 |0.96, 1.06) =t
ildiz 2002 g 12 W 18% 0.67 [0.35, 1.27]
Todal {85% CI) 4109 4074 100.0% 0.90 [0.82, 0.99] &
Total evants 1233 13115
Helarogeneity. Tau= 0.01; Chi'= 39.58, df= 25 (P= 0.03), F= 37% IZI 3 IZI:ﬁ i 2

TestTor overall afeck 2= 218 (P = 0.03)

Favaurs corticostercids
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LONG TERM MORTALITY

Riak Ratio

Events Total Events Total Wieight M.H,Fixed, 85% CI

Risk Fatsy
M-H. Fixedd, 25% CI

Treatment Conirgd
Study or rouap
1.12.1 90-Day all cause mortality
Arenane 2002 a5 150 106 149
Ennane 20138 264 614 a 627
Briegel 1999 -] plI] 6 20
Kah 2016 4 177 28 176
MWeduri 2007 i8 53 12 28
Tongyoo 2016 34 a8 40 a4
Venkalesh 2018 511 1853 526 1860
Subioisl (25% C1) 2975 2959
Todal evants 451 1036

Heterogeneity. Chi*= 4 88 df= 6 (F = 0.56); F= 0%
Tasifor omdrall @fecl £= 1.96 (F = 0.05)

1.12.2 G-Month all cause mortality

Annpng 2002 29
Annang 2014 285
Briagal 1999 ]
Kih 2016 45
Maduari 2007 29
Venkslesh 2018 AT
Subtotal (95% CI)

Tidal evinks 1026

150 110
LK 324
i} &
177 7
63 15
18563 574

2877
1070

149
627
20
176
28
1460
2860

Heleromeneity: Chi*= 76D, di= § (P = 0.18); F= 34%
Testfor owarall afect £=1.42F =016}

1AES One-Year all cause mortalty

Annaneg 2003 102
Annane 30148 285
Briegel 1999 &
Meduri 2007 23
Sprung 2008 137
Subdotal {95% C1)

Todal evants G52

150 112
614 328
0 g
83 15
51 127

1008
544

144
627
20
28
248
1072

Hetarogeneity Chi*= 504, di= 4 (F = 0.28); F= 21%
Test for gwarall efecl Z= 2,03 (F =0.04)

1ha4%
0T
0.6%
2.7%
1.6%
20%
#1.1%
100.0%

10.3%
30.3%
0 5%
35%
1.0%
535%
100.0%

10.0%
54.0%
1.0%
35%
M E%
100.0%

0.89 [0.76, 1.04]
0.88 [0.78, 0.95]
083 030, 2.29]
1.21 [0.77,1.80]
067 [0.37, 1.18]
086 (0.60, 1.23]
0.98 (088, 1.08]
0.93 [0.87, 1.00]

0.89 [0.77, 1.04]
0.89 0.79; 0.95]
.83 030, 2.20)
1.71 [0.83,1.77]
0.62 {038, 1.02]
1.00 0,81, 1.40]
0.95 [0.89, 1.02]

0.90 078, 1.04)
0.89 (079, 0,95]
083 .30, 2.29]
068 (042, 1.10]
1.07 0,80, 1.26)
0.92 [0.85, 1.00]
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® HOW I GIVE STEROIDS?

ROLE OF FLUDROCORTISONE




ALL CORTICOSTEROIDS ARE NOT
EQUIVALENT

Molecules

Hydrocortisone
Prednisone
Prednisolone
Methylprednisolone
Betamethasone
Dexamethasone

Fludrocortisone

Glucocorticoid Mineralocorticoid Non-genomic
activity relative to activity relative to effects relative
hydrocortisone hydrocortisone to
hydrocortisone
1 1 1
4 0.8 4
4 0.8 4
5 0.5 14
25 0 0
25 0 20
10 Annane, Scientific Amélgélsan — Crit Care of the Surg?Patient 2017



Mineralocorticoid Insufficiency in Septic Shock
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@® EXPERIMENTAL DATA

ROLE OF FLUDROCORTISONE




IN SMALL ANIMALS

Probability of survival (%)

O LPS+Fludrocortisone

100
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20
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ANTI- INFLAMMATORY EFFECTS OF
ALDOSTERONE IN UVEITIS

Alicdon i o Bl bnes aloe ot o Becepior in Lk

PLOSONE 2012



ANIT-INFLAMMATORY EFFECTS OF
ALDOSTERONE IN UVEITIS

Aldosterona/Mineralocorticold Receptor in Uveitls
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MC IMMUNE EFFECTS IN SEPSIS

-+s» CoOntrol

— LPS *
== LPS + Aldosterone

-----I -*

Percent survival

0 20 40 60 80 100 120 140
Time (hours)

Figure 1. Effects of aldosterone on survival dunng endotoxic shock—mice
were injected intraperitoneally with vehicle or lipopolysaccharide (LPS)
(15mg/kg) with or without aldosterone (1 mg/kg). Survival was monitored

for 120 hs “p < 0.05 vs control, #p < 0.05 vs LPS, n = 20 in all groups). \/

CCM 2017



MC IMMUNE EFFECTS IN SEPSIS

Arterial Pressure (mm Hg)
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MC IMMUNE EFFECTS IN SEPSIS
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MC IMMUNE EFFECTS IN SEPSIS

T

mRNA S 18S

=
L

-
om
i

—
i

Control

LPS

LPS+Aldo

EMR
0GR

MR - - -

GR

- . —

-——-———---

actin .. .

Protein / Actin

Contraol

11-5‘ o

0.5 1

LP5 LPS - Aldo

Control

LP5 LPS+Aldo

m MR
OGR

CCM 2017




MC IMMUNE EFFECTS IN SEPSIS
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@® CLINICAL DATA

ROLE OF FLUDROCORTISONE




Mineralocorticoid effects of
HC versus HC+FC

SERUM SODIUM LEVELS

11

Jama 2002 & NEJM 2008

155

150
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N=21 adult septic shock
FC: 50ug gastric tube
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COMBINATION
HYDROCORTISONE + FLUDROCORTISONE

TRIAL 1
N=300

] w w1l I e il
i | el ViLiH £ ':'I_-'
I el 13 i ol 1

perlnd MAA, Auged 11, B00—Vol 280, B BET

Annane Jama 2002

TRIAL 2
N=1241
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Annane NEJM 2018



Survival Probability

Free Survival Estimates
with Mumber of Subjects at Risk

b Logrank p=0.0226
0.95
0.9 -
0.85 -
0.8 -
0.6 -
0.4 <
ACTIF| ®14 405 i) 353 337 332 324
Pln| e27 381 333 319 0o 305 205
] | I | | I
30 G0 g0 120 150 180
Time (Days)
Group ACTIF ——— Plb
Subjects Event Censored Median Sumvival 95% CL
ACTIF 614 285 329 . 182
Pl 627 328 2949 107 55

Annane NEJM 2018
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P<0.001
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The HEW ENGLAND JOURMNAL of MEDICINE

Table 3. Adverse Events.™

Event

=1 Serious evend by day 180 — no. ftotal noe, (%)
=1 Serious bleeding event by day 28 — o flotal no. {5)
Gastreduosdenal bleeding — no. ftotal no, (36}
=1 Episode of superinfection by day 180 — nao, ftotal no, {55
Site of supennfection — no, ftotal no, (5]
Lung
Blood
Catheterrefated
Urinary irect
Oither
Hew sepsis — no.ftotal na. (35
Mew septic shock — no. /tetal ne, [38)
Hyperglycemmia

=1 Episode of blood ghecose lowels =150 mgfdl by day 7
— na.frotal no, (58]

Mo, of days with =1 episode of blood glucose levels
=150 mgfdl by day 7

Mean
Median [1QH]
Meurologic sequelas by day 28 — no, ftotal no, (%61
Lawt MDES scare =1
Last MIDES scare =3
Last MDRS sooge =5

Macebe
(N =627]

163626 (8.0
119/626 {19.0)
45626 (7.2)
178/626 (28.4)

116/626 {18.5)
4RJE26 (7.7}
17 /626 [5.9)
11/626 (5.3)
37/626 (9.1)

122/626 (19.5)

103626 [16.5)

320/616 (53.1)

3.4+325%
3 {1-6)

130/626 (20.8)
92626 (14.7)
65/626 [10.4)

Hydrocoisone plus

Fludrocortisane
(M= B14]

326/614 (53.1)
127 /614 (20.7)
19/614 (5.4}
191614 (31.1)

127614 {20.7)
49/514 (2.0)
40/E14 (6.5)
40/614 {6.5)
TO/E14 (11.4)

134614 (21.8)

109614 {17.8)

47 /al4 (E0])

A 3435
5 [2-6)

153614 (24.9)
103/614 (17.6)
73614 (11.9)

Relative Risk
[95% 1)y

0.92 (0.83-1.01)
1.00 (0.87-1.36)
0,88 (0.58-1.34)
1.09 (0.92-1.30)

1.12 (0.89-1.40)
1.04 (0.71=1.53)
1D p0.71=1.70)
1.24 (0.79-1.93)
1.25 (0.90-1.74)
1.12 (0.90-1.39)
1.0B (0.84-1.38)

1.07 (1.03-1.12)

L.20 (0.93-1.47)
1.20 (0.93-1.54)
L.15 [(0.84-1.57)

P Walise
008
046
0.56
0.30

054
0.84
0.66
035
018
0.3l
054

0002

<0001

0.08
017
040

6102 10°0€
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Adjunctive Glucocorticoid Therapy
in Patients with Septic Shock

B. Venkatesh, S. Finfer, ). Cohen, D. Rajbhandari, Y. Arabi, R. Bellomo, L. Billot,
M. Correa, P. Glass, M. Harward, C. Joyce, Q. Li, C. McArthur, A. Perner, A. Rhodes,
K. Thompson, S. Webb, and J. Myburgh, for the ADRENAL Trial Investigators
and the Australian—New Zealand Intensive Care Society Clinical Trials Group*

160+
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B0 Hydredadiane

M- Placeba
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Patienbt Suradving (%]

§0-

Hizard ratd e death, 095 (33% C1, OE4- 107}

0 P=0dl

e b % % @ % @
Duys sirce Randomization

Mo at Risk
Hydrecertivone  1E32 153 1461 HETES 1158 154 4178
PMairke Ik 1546 1413 LATE 1354 (ERY) 1130

NEJM 2018
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bl L4

1348 I3H
133 153

11
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* N=3658
* HC 200 mg/d IV infusion

vs placebo for 7 d or until
death or d/c from ICU



Adjunctive Glucocorticoid Therapy
in Patients with Septic Shock

B. Venkatesh, S. Finfer, . Cohen, D. Rajbhandari, Y. Arabi, R. Bellomo, L. Billot,
M. Correa, P. Glass, M. Harward, C. Joyce, Q. Li, C. McArthur, A. Perner, A. Rhodes,
K. Thompson, S. Webb, and |. Myburgh, for the ADRENAL Trial Investigators
and the Australian—New Zealand Intensive Care Society Clinical Trials Group®

Hydrocortisone group:

- Faster resolution of shock (median, 3d vs 4 days)
- Shorter duration of initial mechanical ventilation (median, 6 vs 7 days)

- Fewer blood transfusions
37.0% vs. 41.7%; OR, 0.82; 95% CI, 0.72 to 0.94; P = 0.004

33 ADVERSE EVENTS:
- Hyperglycemia (6 HC vs 3 P)
- Hypernatremia (3 HC vs 0 P)

- Myopathy (3 HC vs 0 P) lc:InEiiM



COMBINED ADRENAL AND
APROCCHSS

Experimental  Control Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Randam, 35% CI M-H, Random, 95% C|
Andane 2018 07 Glé a4 627 386%  0.87(0.75, 1.00]
Venkatesh 2018 410 1841 448 1840 ol4%  0.91(0.81,1.03)
Total (95% CI) 2455 2467 1000% 090082098 '
Total events 617 692

0,01 0.1 i 10 100
Favours [steroids] Favours [control]

Heterogenelty: Tau' = 0.00; Ch' = 032, df = 1 (P = 0.57); F = 0%
Test for overall effect Zs 2.35P = 0.02)

N

Rochwerg CCM 2018



Togximent Conatrol
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IN PRATICE

Give
hydrocortisone (50mg q6) +
fludrocortisone (50ug q24)

For
7 days

No need to taper off
To
Septic shock,
Sepsis + ARDS,
Sepsis + CAP
Not TO
ACTH responders, ie delta cortisol>9ug/dl
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