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[Background ]

= Systemic inflammation is the hallmark of
sepsis or ARDS

= Corticosteroids modulate the immune
response to sepsis through genomic and
non-genomic effects

= Cytokines suppress cortisol production or
access to tissues, inducing corticosteroids
Insufficiency in almost half of septic shock



Regulation of Inflammation
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Barnes and Karin. NEJM 1997; 336: 1066.



Reprogrammation rather than suppression!
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|Within minutes! ]

Perreti, Blood 2007



| Within hours! ]
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|Within days ]

Perreti, Blood 2007



Evidence for an Inappropriate Activation
of the HPA axis
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Surgical Trauma-Induced Adrenal Insufficiency 1s Associated

with Postoperative Inflammatory Responses

Postoperative Inflammatory Responses and Adrenal Insufficiency
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NO plays a major role

Fie. 4. Brightfield photomicrograph illustrating a representative sample of the effect of LPS (100 pgilig, iv) on PVN ctrulline-immunorea ctive
cellz, Immunceyvtochemistry for citrulline was performed in vehicle and at varving mtervals after LPS treatment. Magnification, =160,

[Citrulline] (INOS product)

Lietal Cir Res 2003




Neuronal Apoptosis

NO plays a major role
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Clinical consequences of the impaired HPA axis
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"Iﬁ Normal HPA function
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Clinical consequences of the impaired HPA axis
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A 3-Level Prognostic Classification in Septic Shock Based on
Cortisol Levels and Cortisol Response to Corticotropin

Probabilty of Sunvival

JAMA 2000
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Survivors will recover a normal HPA axis!
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13 of 20 patients BL < 25 mg/d|
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Briegel, Intensive Care Med 1996;22:894



[Critical Analysis of the Literature



Results of the literature search

Other Sources 5 Database Search 988
Conference procesdmes 3 MEDILINE 106
EMEASE 611
LILACS 16
i COCHEAMNE Library 255
Excluded r-
Insufficient data 2 4
Excluded 056
Irrelevant 219
Baviaw BB
notRCT 45
Fullpaperreview 32
w
Fxcluded 10
Participants not relevant 8
Onutocome not relevant 2
bl k.
Imncluded 25
Number of trials by outcome
28-day mortality 20
reporting 28-dav mortalicy 14
reporting only 14-day mortality 3
reporting onh- hospital mortakicy 3
Hospital mortality 15
Intensive Care Unit mortality ]
Shock reversalby day 7 ]
Shock reversalby dayv 28 6
Length of ICT stay 8
Length of hospital seay 7
Adverse events 15

Annane, JAMA 2009 &CDSR 2010



[Methodological Quality of Trials ]

Annmne 2002
Annane 2010
Eollaert 1995
EBone 18957
Erieg=l 13949
Chawela 1999
Cicarell 2007
Canfalonieri 2005
SRS 1953

Huhk 2007

en 2003
Klastersky 1971
Lucas 1924
Luce 1923
mMedurl 2007
Dppert 2005
Rin=sldi 2005
Schumer14976
Slusher 1996
Spruang 1 954
Sprang 2002
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Glucocorticolds Restore
Cardiovascular Homeostasis



ydrocortisone Restores the Responsiveness to VVasopressors
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Hydrocortisone reduces the time on vasopressors

C All Patients
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Hydrocortisone normalizes the cardiovascular function

Treatment Comtrol Risk Ratio Risk Ratio
Studchy or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.8.1 Shock reversal at day 7
Sprung 1984 25 43 ] 16 5.23% 1.55[0.78, 2.06] 1924 —
Bone 1987 a5 130 g3 114 20.2% 0,90 [0.76, 1.08] 1987 —-—
Bollasrt 1993 15 22 4 19 4 0% 224 1.30,210] 1998 _—
Chawla 193939 16 23 9 21 3.3% 1.62 (092, 2.85] 1999 N e —
Briegel 1999 17 20 12 20 12.1% 1.42 (095, 212] 1999 T
Annane 2002 G0 151 40 149 14.4% 1.48 [1.06, 2.06] 2002 e —
Oppert 2005 14 18 16 23 13.2% 112 [0.78,1.61] 2005 B R
Sprung 2008 186 251 145 248 21.5% 1.27[1.12,1.44] 2008 —-—
Subtotal (95% CI) 658 610 100.0% 1.29 [1.06, 1.58] >
Total events 418 315
Heterogeneity: Tau®= 0.04; Chif= 21.48, df=7 (P = 0.003), F=B7%
Test for overall effect: Z= 2.51 (P = 0.01)

0,2 0,5 1 2 5
Fawvours control Favours treatment

Annane JAMA 2009 & CDSR 2010



Glucocorticolds Restore
Immune Homeostasis



Corticosteroids inhibited NF-kB Activation

Before steroids After 10 days of steroids

NF-xB staining with FITC-Ab



[Corticosteroids Inhibited NF-kB Activation

days post-treatment
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Crit Care Med 2001; 29:1074



Corticosteroids decreased circulating levels of all
pro-inflammatory cytokines
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Corticosteroids decreased circulating levels of most
of anti-inflammatory cytokines
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Corticosteroids attenuated the endothelial activation
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Glucocorticoids Restore
Organs Function



Corticosteroids reduced the number and intensity
of organ dysfunctions

HC Placebo P
(n=251) (n=248)

0 10.6 + 3.4 10.6 + 3.2 NS
1 10.4 + 3.7 10.7 £ 3.6 NS
2 10.2 + 3.8 10.3 + 3.7 NS
3 8.7+ 4.4 9.7+4.0 0.01
4 7.8+ 4.2 99+ 44 0.03
5 6.9+ 4.4 8.4+ 4.6 0.006
6 6.4+ 4.3 7.7+ 5.0 0.004
7 6.1+ 4.4 7.1+ 4.8 0.03

Moreno, Intensive Care Medicine 2011



Corticosteroids reduced the number and intensity
of organ dysfunctions

1.9 SOFA score at day-7
Treatment Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Annane 2002 75 3 151 85 4 149 437% -200[2.80-1.20) .3
Cicarelli 2007 9 4 15 g &5 14 27%  000[F331,331) .
Oppert 2005 B 4 23 8 4 25 48% -200[4.27,027) —
Rinaldi 2006 1T 4 20 2 4 20 48% -1.00[3.48, 1.48] T
Sprung 2008 B1 44 251 71 48 48 430% -100[1.81-019 &+
Total (95% CI) 460 456 100.0% -1.47[-2.01,-0.92] ¢
Heterogeneity: Tau= 0.01: Chi*= 408, df= 4 (P=0.39); F= 2% ‘. ; |

0 5 0 510

Testfor overall eflect Z=5.27 (P < 0.00001) Favours experimental Favours control

Annane JAMA 2009 & CDSR 2010



Corticosteroids reduced ICU length of stay

1.10 Length of ICU stay

Treatment Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight N, Random, 95% CI I, Random, 95% Cl
1.10.1 For all patients
Briegel 1994 29 16 20 a8 24 20 1.6% -9.00[21.64, 2.64] —
Meduri 2007 v 14 42 144 21 149 258% -r.A0[17.85, 2.859)] —
Confalonieri 20045 720071 23 142 4.8 23 108% -7.00[11.9458, -2.09] -
Annane 2002 22 151 284 18 149 11.8% -3.80 [8.30,1.30] =
Chawla 19949 T4 B2 23 107 TE6 21 15.45% -3.30[F7.42, 0.8 =
Finaldi 2006 149 1 26 1 149 26 22%  -2.00[-12.89, 8.89) T
Sprung 2008 149 ch| 251 18 17 248 137% 1.00 [-3.38, 5.38] T
Bollaert 19498 26 24 22 19 18 149 1.6% 7.00[-5.89 19.89] T
Subtotal (95% Cl) 558 525 594% -3.11[-5.79,-0.43] [
Heterogeneity: Tau?= 3.80; Chif=972, df =7 (FP=02) 7= 28%
Test for overall effect; £= 227 (F=0.02)
Total (95% CI) 889 816 100.0%  -3.62 [-5.24, -2.00] L ]
Heterogeneity: Tau®= 0.00; Chif=13.26, df= 15 (P = 0.58); F= 0% 1_1 00 _510 . 5=IZI 1I:|IZI=

Testfor overall effect: £=4.37 (P = 0.0001}

Favours experimental  Favours control

Annane JAMA 2009 & CDSR 2010



Glucocorticoids
Save Llife



1.1 28-day all-cause mortality

Treatment Control Risk Ratio Risk Ratio
Study or Subgroup  Bvents Total Bvents Total Weight M-H, Random, 95% Cl  Year M-H, Random, 95% CI
1.1.1 Randomized controlled trials
Schumer 1976 q 26 33 26 3.9% 027014, 053] 1976 -
Sprung 1984 33 43 11 16 T.9% 112077, 1.61] 1984 T
WASSCEG 1987 23 1Mz 24 1M 5.6% 085047, 1.58] 1987 -
Baone 19387 65 181 43 140 9.0% 1.35[0.98, 1.84] 1987 =
Luce 1933 22 33 20 ar T.3% 1.07 072, 1.60] 1988 -1
Bollaert 1998 T 22 12 19 3.6% 050025, 1.02] 1998 ]
Chawla 1999 G 23 10 21 2.9% 055024, 1.25] 1999 /T
Briegel 19549 3 20 4 20 1.2% 075018, 293] 1999 I —
Annane 2002 8z 191 91 149 11.7% 088073, 1.08] 2002 -
Yildiz 2002 ] 20 12 20 4 1% 067 [0.358,1.27] 2002 T
Cppert 2005 10 23 11 25 4.1% 088052, 1.88] 2005 B
Tandan 2004 11 14 13 14 9.1% 085062, 1.19] 2005 -T
Confalonieri 2004 0 23 3] 23 0.3% 0.08 [0.00,1.29] 2005 +
Rinaldi 2006 G 26 7 26 2.3% 086 [0.33, 2.21] 2006 T
Meduri 2007 10 42 a 19 3.3% 087 [0.27,1.20] 2007 T
Cicarelli 2007 7 14 12 18 4.8% 063 [0.35, 1.12] 2007 7
Sprung 2008 g 251 78 248 104% 1.09.00.8 0] 2008 T
Subtotal (95% CI) 1099 1039 91.5% #

Total events aaa 400
Heterogeneity: Tau®= 0.06; Chif=33.82, df=16 (F = 0.00&)
Testfor overall effect. £=1.96 (F = 0.08)

1.1.2 Quasi randomized controlled trials

Wiagner 1955 1 az 1 B1 0.3% 117 [0.08,18.30] 1955

Klastersky 1971 22 46 18 24 B.4% 1.04 [0.66, 1.63] 1971 -1
Lucas 1984 L 23 ] 25 1.7% 1.08 036, 3.27] 1984 B —
Subtotal (95% Cl) 121 125 8.5% 1.05 [0.69, 1.58] &
Total events 28 24

Heterogeneity: Tau®=0.00; ChiF=0.01, df=2 (P=099); F= 0%
Testfor overall effect Z=0.21 (P =0.83)

Total (95% CI) 1220 1164 100.0% 0.87 [0.74, 1.01] L
Total events 116 474

Heterogeneity: Tauw®=0.04; Chi*=3418, df =19 (P =002}, F= 44%
Testfor overall effect Z=181(F=0.07

0,01 01 10 100
Favours treatment  Favours contral

Annane JAMA 2009 & CDSR 2010



1.3 28-day all-cause mortality by subgroups based on treatment dose/duration

Treatment Control Risk Ratio
Study or Subgroup  Bvents Total BEvents Total Weight M-H, Random, 95% Cl Year

Risk Ratio
M-H, Random, 95% CI

1.3.1 Long course of low dose corticosteroids

Bollaert 1958 7 22 12 19  41% 0501[0.25,1.02] 19498
Chawla 19359 fi 23 10 21 J1% 0.55[0.24,1.25) 1993
Briegel 19949 3 20 4 20 1.2% 0.7a[019, 293] 19499
Annane 2002 g2 181 91 148 30.0% 089[0.73,1.08] 2002
Yildiz 2002 8 20 12 20 49% 067 [0.35,1.27] 2002
Confalonieri 20045 0 23 B 23 03% 008000 1.29) 20045
Tandan 2004 11 14 13 14 168% 085062 1.18] 2004
Oppert 2004 10 23 11 28 a0% 089042, 1.88] 2004
Rinaldi 2006 B 26 7 B 24% 086033, 221] 2006
Meduri 2007 10 42 8 19  37% AT [0.27,1.200 2007
Cicarelli 2007 T 14 12 1% B0% 063035 112 2007
Sprung 2008 ag 291 T8 248 224% a2 00 5
Subtotal (95% CI) 629 599 100.0% 0.84 [0.72,0.97]
Total events 236 264

Heterogeneity: Tau®=0.01; Chi*=12.89, df=11 {F=0.30
Testfar overall effect: £= 231 (P=0.02)

EE—
—_—

.

ERE T

0ol 01 1 10 100
Favours treatment  Favours control

Annane JAMA 2009 & CDSR 2010



Corticosteroids dose: the lower the better

Relative Risk of death ay 28-day
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Annane JAMA 2009 & CDSR 2010



Relative Rizk of death a 23-day

Corticosteroids duration: the longer the better
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y=0.002% +1.18
p=0.015
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Annane JAMA 2009 & CDSR 2010



Glucocorticoids
Tolerance



Corticosteroids and risk of stress ulcer

1.12 Number of patients with adverse events

Treatment Control Risk Ratio Risk Ratio
Study or Subgroup  BEvents Total Bvenis Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.12.1 Gastroduodenal bleeding
Annane 2002 11 141 g 149 128% 1.36 [0.56, 3.28] e
Eollaert 1998 1 24 3 14 21% 0.29[0.03, 2.54]
Eriegel 1994 1 20 1] 20 1.0% 3.00[0.13, 69.52]
Chauwla 1999 1 23 2 21 1.8% 0.46[0.04, 4.68]
Cicarelli 2007 1] 14 1] 14 Mot estimahble
Confalonieri 2004 1 23 1 23 1.4% 1.00[0.07,15.04]
Luce 1988 18 ar 16 J6 41.1% 1.09 [0.67,1.749] i
Medur 2007 1] 47 1] 149 Mot estimable
Schumer 1976 2 a6 1 g6 1.8% 2.00[0.18, 21.649]
Sprung 1954 1 43 2 16 1.8% 0.19[0.02,1.581]
Sprung 2008 18 234 13 232 19.2% 1.14 [0.56, 2.39] —
WASSCEG 1987 14 112 1m0 111 16.9% 1.39[0.64, 2.849)] I
Yilddiz 2002 1] 20 1] 20 Mot estimahble
Subtotal (95% CI) 827 767 100.0% 1.12 [0.81, 1.53] ’
Total events B& 3]
Heterogeneity: Taw®= 0.00 Chif=545 df =9 (F=0.79; F=0%
Testfor overall effect £= 0.68 (P =040}

I 1 | 1 ]
0,01 0,1 1 10 100
Favours treatment  Favaours control

Annane JAMA 2009 & CDSR 2010



Corticosteroids and risk of superinfection

Treatment Control Risk Ratio

Study or Subgroup Events Total Bvents Total Weight M-H, Random, 95% CI

1.12.2 Superinfections

Annane 2002 18 151 18 144 9 4% 0.82[0.43,1.57]
Bollaert 1998 7 22 9 14 B.8% 067 [0.31, 1.46]
Baore 1887 29 152 an 147 17.2% 0.93[0.59, 1.48]
Briegel 1984 10 20 T 20 T.4% 1.43[0.68, 3.00]
Chawla 1999 4 23 5 21 1% 0.73[0.23, 2.36]
Cicarelli 2007 0 14 1 15 0.4% 0.36 [0.02, 8.07]
Confalonieri 2005 0 23 4 23 0.5% 0.11 [0.01, 1.94]
Klastersky 1971 11 46 B 34 5.1% 1.55[0.63, 3.82]
Luce 1922 3 ar L & 2.1% 073018, 303
Schumer 1976 n 36 ] 26 Mot estimahble
Sprung 1984 11 43 1 16 1.1% 408057, 29.20]
Sprung 2008 e 234 B1 232 35.0% 1.27 [0.96, 1.68]
WASSCEG 1987 168 112 22 111 11.4% 0.659 [0.39,1.23]
Yildiz 2002 0 20 1 20 0.4% 0.33[0.01, 7.72]
Subtotal (95% CI) 983 934 100.0% 1.01[0.82, 1.25]
Tatal events 184 170

Heterogeneity: TauF=0.01; Chi*=13.02, df =12 (F=0.37), F=8%
Testfor averall effect: Z=010{F =0.92)

Risk Ratio
M-H, Random, 95% CI
—
—a—
|
—
[ ]
I f ! f !
0,01 01 1 10 100

Favours treatrment  Fawvours cantrol

Annane JAMA 2009 & CDSR 2010



Corticosteroids and risk of metabolic
complications

Treatment Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Bvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1

1.12.3 Hy]lerglycaemia

Annane 2002 120 140 111 149 45.0% 116 [1.04,1.30] -

Ballaert 1998 3 22 3 14 0.3% 0.86 [0.20, 3.749] S

Luce 1928 16 ar 15 36 2.0% 1.04 [0.61,1.77] T

heduri 2007 22 42 4] 14 1.1% 1.66 [0.81, 3.41] T

Schumer 1976 1 a6 1 a6 0.1% 1.00[0.06, 15.73]

Sprung 1984 4 43 ] 16 0.1% 3.481[0.20,61.18]

Sprung 2008 186 234 161 232 497% 115 [1.03,1.28] [ |

WASSCSG 1987 22 111 17 112 1.8% 1.37[0.77, 2.41] T

Yildiz 2002 ] 20 ] 20 Mot estimable

Subtotal (95% CI) 745 G689 100.0% 1.16 [1.07, 1.25] 1

Total events 385 314

Heterogeneity: Tau®= 0.00; Chi®= 2.30, df= 7 (P = 0.94); F=0%
Test far averall effect: £=3.83 (F = 0.0001)

1.12.4 Hypernatremia

Annane 2002 a4 1a0 34 149 45 9% 188110, 2.27] -

Briegel 195949 fi 20 1 20 1.5% G.00[0.79, 45473 T

Sprung 2008 By 234 42 232 A1 6E% 188113, 2.27] -

Subtotal (95% CI) 404 401 100.0% 1.61 [1.26, 2.06] L

Total events 127 rT

Heterogeneity; Tau== 0.00; Chi*=1.66, df= 2 (P =044}, F=0%

Testfor overall effect: £= 373 (F=0.0002 ) . . )
I I 1 1
001 01 10 100

Favours treatment  Favaurs contral

Annane JAMA 2009 & CDSR 2010



When | use Corticosteroids?

Referral to intensive Checking suitability of Beyond intensive
care unit antibiotics and if possible care unit
Ve A N narrowing spectrum Rehabilitation
Surgical relook if needed programme

Respiratory support

=

Antibiotics Time
Broad spectrum

Surgical cure if needed Non-refractory

v

septic shock

Haemodynamic Consider weaning from

resuscitation

Fluid
challenges

vasopressors and other
life supportive therapies

l g Stop steroids

Normal adrenal function
Vasopressors if Adrenocorticotrophic l

Refr_actory
Fluid challenges septic shock

patient remain hormone test

hypotensive Start low-dose steroids

(1) Annane D. et al. Lancet 2005
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Guidelines for Management of Severe
Sepsis/Septic Shock




Corticosteroids

We suggest that a minimum of five day course of
continuous infusion of intravenous hydrocortisone (200-
300 mg daily and no higher) be used only in adult septic
shock patients who require persistent high dose of
vasopressors to keep adequate blood pressure despite
adequate fluid resuscitation (Grade 2C).

We suggest not using the ACTH stimulation test to
identify the subset of adults with septic shock who
should receive hydrocortisone (Grade 2B).

We suggest that patients with septic shock receive
hydrocortisone rather than other steroids (Grade 2B).
Further we recommend that hydrocortisone alone be
used instead of hydrocortisone plus fludrocortisone
(Grade 1B).



[ Corticosteroids

We suggest that clinicians taper the patient
from steroid therapy when vasopressors are no
longer required (Grade 2D).

We recommend that corticosteroids not be
administered for of the purpose of treating
severe sepsis in the absence of shock (Grade
1C).



