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SEPTIC SHOCK

Definition
Septic shock is defined as a subset of sepsis where underlying
circulatory and cellular/metabolic abnormalities are profound

enough to substantially increase mortality

Clinical criteria

Despite adequate fluid resuscitation, lactate >2 mmol/| and

vasopressors needed to elevate MAP=65 mmHg

n.b. if cant measure lactate use marker of poor perfusion, e.g. capillary refill

The Third International Consensus
Definitions for Sepsis and Septic
Shock (Sepsis-3)

The Sepsis Definitions Task Force

Désordres hémodynamiques au cours du sepsis

Septic Shock
Pre-Fluid Resuscitation

Figure B, page 948, reproduced with permission from Dellinger RP. Cardiovascular
management of septic shock. Crit Care Med 2003;31:946-955.




3 désordres hémodynamiques majeurs

dépression

hypovolemie
myocardique

Il est important de détermlner pour chaque patient
la part respective de chacun de ces désordres

inotropes
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EARLY GOAL-DIRECTED THERAPY IN THE TREATMENT OF SEVERE SEPSIS
AND SEPTIC SHOCK

EmanveL Rivers, M.D., M.P.H., Bryant Nouven, M.D., Suzanne HavsTap, MA., Juue Ressier, B.S.,
Acexanpria Muzzin, B.S., Bernnaro KnoeucH, M.D., Eowaro Peterson, PH.D., anp MicHaeL Tomuanovick, M.D.,
FOR THE EARLY GOAL-DIRECTED THERAPY COLLABORATIVE GROUP

Patients with global tissue hypoxia and
early stage of disease




Mortalité

Control EGDT  RR(95%C.l) "

value

In-hospital 46.5 30.5 0.58(0.38-0.87) 0.009
beday Mortality 49.2  33.3 °'5%(:7'?9' 0.01

60-day Mortality  56.9 44,3  0.67(0.46-0.96) 0.03

Remplissage Vasculaire Précoce

O Control
* M Treatment

0-6 hours 6-72 hours 0-72 hours

Lactate Clearance vs Central Venous Oxygen
Saturation as Goals of Early Sepsis Therapy

Decrease in lactate levels by 10%
W Lactate group
W ScvO2 group

Intent to treat Per protocol

Jones A. JAMA 2010

Early Lactate-Guided Therapy in ICU Patients

s Decrease in lactate levels by 20%

H
H Sontrol group
2 os
g
2
02] adjusted HR=0.61;
o] 95% Cl, 0.43-0.87; P= 0.006
; X 4 o 0 0 10 10 w0 0 20
Days following study entry
[ Number at risk: | ]
Control 177 (118 [ 110 [ 105 [ 102 [ 101 101 101 101 101 100
Lactate 171 122 [115 [ 114 114 [114 [113 [113 [113 [113 [113

Jansen TC. Am J Respir Crit Care Med 2010
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Fluid Response Evaluation in Sepsis
Hypotension and Shock

A Randomized Clinical Trial

Ivor S. Douglas, MD; Philip M. Alapat, MD; Keith A. Corf, MD; Matthew C. Exline, MD, MPH; Lui G. Forni, PhD;
Andre L. Holder, MD; David A. Kaufman, MD; Akram Khan, MD; Mitchell M. Levy, MD; Gregory S. Martin, MD;
Jennifer A. Sahatjian, PsyD; Eric Seeley, MD; Wesley H. Self, MD; Jeremy A. Weingarten, MD; Mark Williams, MD;
and Douglas M. Hansell, MD

Clinical Decision is made to treat the patient with either fluid and/or vasoactive medications.
‘This may be due:

- MAP < 65, SBP < 80, or BP is rapidly trending lower

- low urine output

- any other ciinic: fion to administer/after fuid bolus or pressors.

Vasoactive medication may be de-escalated at the clinician's discretion but re-escalation
should trigger this PLR algorithm

Passive Leg Raise Fluid Assessment

Consvome ) (o svommse

Titrate Pressors (NE) to MAP > 65

Pressor Dose.
Iitial Dose > 0.05 ug/kg/min

Increased by > 100% of prior baseline

1. Fiuid bolus 0.5L x 1
2. Reassess MAP/ SBP

Persistent Hypoperfusion

May repeat 0.5 L flid bolus x 1

Persistent Hypoperfusion

initiate / increase pressor dose.
tional luid bolus volume > 2 L

May i
if adk

Fluid balance at
72 hours or ICU Discharge
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Time course of fluid responsiveness in
sepsis: the fluid challenge revisiting (FCR
study

EV)
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Fig. 1 Study design. MAP, mean anteralpressure (mmHgl; HR heart rate (beat per minute) TE, transthoracic echocardiography; H, patient
blood hemoglobin (g/dL)
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Fig. 3 Distribution of responders and non-responders to fluid
challenge over time, according to velocity time integral (VT))
measurement at T10, T20 and T30

Vasopresseurs




Blood
Epi/ NE
Al
ADH
SHT
Thrombin
Endotoxin
Insulin
Glucose
Shear Rate
Circulating Arteriole
Hormones
Endothelial and ial factors acting upon vascular smooth
muscleinarterioles. Abbreviations: Cap, capillary; SN, sympathetic
nerve; NE, norepi ine; VSM, smooth le; NO, nitric
oxide; ET-1, in-1; PGL,, p yelin; EC, endothelial cell; E
i ine; AIL i inIL ADH, idi ic hormone; 5HT,
in; +and -, ction and dilation, respectively.

Klabunde ebook

Increasing mean arterial pressure in patients with septic shock:
Effects on oxygen variables and renal function*

Aurélie Bourgoin, MD: Marc Leone, MD: Anne Delmas, MD; Franck Garnier, MD; Jacques Albanése, MD:
Claude Martin, MD, FCCM

Na : 1.3 pg/kg/min Na : 1.8 pg/kg/min

Quel niveau de PAM?

65to 70

Low-target group.

80to 85

Cumulative Survival (%)
@
8

o 28 60 %0
Day

No. at Risk

Low target 379 256 233 225

High target 375 249 227 219

Figure 3. Kaplan—Meier Curves for Cumulative Survival.
Data for the survival analysis, which was performed in the intention-to treat
population, were censored at 90 days. There was no significant difference

in survival between the high-target group and the low-target group (P=0.57
at 28 days; P=0.74 at 90 days).

Asfar NEJM 2014
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QUESTION i ‘capillary refill time,
reduce mortality in atients with septic shock?
CONCLUSION ized clinical trial that use of a peripheral perfusion-targeted resuscitation
strategy, i tate, did reduce mortality.
POPULATION INTERVENTION FINDINGS
All-cause mortality at 28 days
-’
-, 424 patients randomized 4 0
oY m m s
198 Men 226 Women
Peripheral perfusion Lactate group
Adults in the ICU group Resuscitation protocol
with septic shock Resuscitation protocol of of normalizing o
normalizing capillary refill decreasing lactate levels
Mean age: 63 years time (measured inseconds) (>20% per 2 hours)
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Dopamine or Noradrenaline ?

or D for the
Septic

Chest 1993, 103:1826-31

N= 32 : dopamine (up to 25 pg/kg) VS NE (up to 5 pg/kg)
Objective : PAM> 80 mmHg > 6 h

Dopa (n=18) NE (n=16)

\ N\

failure (n=11)

0 to 25 ug/kg/min 25 pg/kg/min

success (n=15)

1.5%1.2 pg/kg/min

increase in urine outpui

failure (n=1)

5 ug/kg/min

VEDICINE Hazard Ratio (95% C1)
Type of shock
| Hyporolmic PR
Tabl? Motaly Rats.* Cardiogenic ——
Septic —
Odds atio Al patents —
Time Perod Dopamine ~ Norepinephine 3536 Clfp PVilue 05 0 5
et monaly Norepinephrine  Doparine
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Duinghospl sy 04 56 el 0 Figure 3. Foest Plot for Predefined Subgroup Analysis
ks a2 W weHe W ey e
. . Atotal of 1044 patients were in septic shock (542 in
Mémo 63 &3 106(08-L31) o the dopamine group and 502 in the norepinephrine
Mlm 9 80 115(091-14) 034 group), 280 were in cardiogenic shock (135 in the do-
[ ip and 145 in the group),
. P — and 263 were n hypovolemic shock (138 inthe dopa-
monrsndfor 0 s t ons mine group and 125 in the norepinephrine group). The
i th copa p Pvalue for interaction ws 0.7

De Backer et al NEJM 2010

inmreuse in urine outpu!

lecregse in lactate decrease in lactate

N=10

DOpO + NE (25 pg/kg/min +1.7+1.8 pg/kg/min)

increase in urine

Norepinephrine versus Dopamine
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Noradrenaline or Adrenaline?
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E%Pe%%%%?? rce'sctgp%%cclﬁd raises
AMP production

= Activation of sarcolemmal
Na+-K+ATPase and increases
ADP leyel

= Stimylation of glycogenolysis

Epinephrine increases glyco%eno\yys
with G net mcreCﬁ,‘emdpyruvce .
roguction and thus dn'incredse in
acfate concentration

P increases PFK activity and thus
ruvate production
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James et al, Lancet 1999




Effets métaboliques

Lactate

el lactate (mmolt)

Annane Lancet 2007

Effets sur Défaillance d’Organes

Time (days)

..... Epinephrine

Annane Lancet 2007

Mortalité

Epinephrine (n=161)

Norepinephrine plus P
dobutamine (n=169)

Atday7 40(25%)
Atday14 56 (35%)
Atday28 64 (40%)
Atdischarge from intensive care 75 (47%)
Atdischarge from hospital 84 (52%)
Atday 90 84(52%)

Data are number of deaths (%).

3420%) 030
4426%) 0.08
58 (34%) 031
75 (44%) 069
82 (49%) 051
85 (50%) 073

Table 3: All-cause mortality rates

Annane Lancet 2007

AVP et analogues?

_ Vasopressin Terlipressin Selepressin

molécule Natural Synthetic synthetic
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1.0 .
0.9 P=0.27 P=0.10
< LH at day 28 at day 90
2 o8 H
5 i
g oz .\‘\ :
> -
£ o6 Vasopressin
3 H
£ os H
i Norepinephrine
0.4 :
0.0 T T T T T T T J
0o 10 20 30 40 50 60 70 20 90
Days since Initiation of the Study Drug
No. at Risk
Vasopressin 397 301 272 249 240 234 232 230 226 220
Norepinephrine 382 289 247 230 212 205 200 194 193 191
Figure 2. Kaplan—Meier Survival Curves for Patients Who Underwent Ran-
domization and Infusion.
The dashed vertical line marks day 28. P values were calculated with the
use of the log-rank test.

Russel NEJM 2008
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VANISH Randomized Clinical Trial

eFigure 4. Kaplan-Meier Survival Curves

a) <] in vs Norepi ine

Sunvivl proporton
g

Drugl
— Vasopressin
— Norepinephrine

° 5 o s 2 25 E
Days
Vasopressin 204 172 160 151 148 141
Norepinephrine 204 181 167 162 185 149

Numbers at risk

From: Effect of Early Vasopressin vs Norepinephrine on Kidney Failure in Patients With Septic Shock: The

016 American Medical

R om o Copyright €
Dﬂ‘“’f‘%\m‘ 019 Association. Al rights reserved Gordon JAMA 2016
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From: Effect of Early Vasopressin vs Norepinephrine on Kidney Failure in Patients With Septic Shock: The
VANISH Randomized Clinical Trial

Kidney.

Vasopressin + hydrocortisone (n= 100) Vasopressin + placebo (n=104)

Patets Mo

Days Alive and Free of Rena Failure.

Days Alive and Free of Renal Failure

Norepinephrine « hydrocortisone (n = 101) Norepinephrine + placebo (n= 103)

L Lo
g 30 g 30
. I-“**. RO RS R R R . I;LL,“L.‘*,,‘*'. R R R

Days Alive and Free of Renst Failure Days Alive and Free of Renal Failure.

Kidney ailure—Free Days by Randomized Treatment GroupThe column at 28 days represents survivors who never developed

kidneyfailure, other columns represent patients who did not survive, who experienced kidney failure, or both at any time.

— - ——— -

92016 American Medical

tion. Al rights reserved. Gordon JAMA 2016
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Norépinephrine vs autres vasopresseurs

norepinephrine,

Treatment Random Effects Model  gg 9591

dopamine L 1.07 [0.99; 1.16]
norepinephring 1.00
npvd —_—— 03074130
Vasooressin
phenylephrine —+— 1.08 [0.76; 1.55)
terlipressin —_—r 0.93 [0.69: 1.26]
vasopressin — 0.90 [0.78; 1.03]
| | e—
phenylepiiine Terlpressin 075 1 15
N=22 studies
Gamper Cochrane DBSR 2016
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Norépinephrine vs autres vasopresseurs et Vasopressine vs norépinephrine et IRA

beta2 agonistes

VA Control (Odds Ratio 0dds Ratio
Study or Subgroup _Evenis Total Events Total Weight .H, Random, 95%Cl 1.4, Random, 95%CI
2.10.1 Sepuc Shock
Aceredo 2009 5 12 8 12 64%  036[007,168 —
pinephne Barzegar 2010 415 6 15 2% 055(012,25 ——
Dunser 2016 2 W ! U A% 100[043,7.75 —T
Cordon 2016 o 208 97 204 21.1% 001 [055,1.20)
T Fixed Effect Model g0 WB%Cl Morelli 2009 9 30 8 15 91%  038[010,1.3
Russel 2008 263 396 258 382 223% 085(070,178)
Xia02018 2 15 17 58% 0280.05,1.69)
Sublotal (95% C) 67 669 767%  0.34[057,1.05] *
or_dohtamine epinephine - 088 (063;1.25) Tota events 2 405
orepinephine Heterogereity. Tau™= 0.00; Chi*= 4.98, of = 6 (° = 0.55),
or dobutamine - 085 [057;126] Testor overal efect 2= 1.57 (P=0.1)
or_doperaming ———+—— 085 (0.15;200) 2102 Vesopleglc Sheck
= Haljar 2009 2 40 4 42 53%  050[009,269) g
norepinephrng 100 Haijar 2017 15199 54 151 174%  020(0.1,038] —_—
mm Okamoto 2015 137 10 45 Not estimatie
Subtotal (95% C) 139 193 233% 0.22[0.12,0.40) e
or_dopeanine e Totaleveris 17 58
Heterogereiy: Tau?= 0.00; Chi*= 0.92, of= 1 (= 0.24), P= 0%
02 051 2 5 Testfor overal effect 2= 4 97 (P <0.00001)
Total (9% CI) 80 802 1000%  052[02,080) >
=3 (A Totaleveris 409 463
N=6 trials) Hoterogeroily: Tau?= 0.26; ChP'= 22.65,df= 0 (P = 0004 = 65% TR — +
Toattor overal eiect 2= 2.5 Favours VA Favours contiol
Testfor swarouo diferences: Chi'= 16,59, df= 1 (P < 0.0001). = 94.0%

Gamper Cochrane DBSR 2016 Nedel CCM 2018

Vasopressine vs catécholamines et
Vasopressine vs catécholamines et FA mortalité

: [B] 28-or 30-dmortalty
(A] Al fllaton Vasopressin+ Glecholamine

Vasopressn+ Gecholamine Gtecholamine? Aone Favrs | Favrs

Catecholamine! Alone Favors Favors No. With ~Total No. No.With Total No. Vasopressin ~ Catecholamine

- - . source Buents ofPatints  Events _ of Patients _ RiskRatio(35%C1)  + Catecholamine  Alone Weiht, %

No.With Totlho. — No.With TotalNo. VasopressinCatecholamine Tl a0 0 " 0BT
Source Bents  ofPatients  Events  ofPatients  RiskRatio(95%C))  +Catecholamine  Alone Weight, % TR + — i TRani - o
Todulah el > 2012 .Y [ ot estimable Sz et 2014 5 T F 71029175 o
Gapoletoetal 2017 U1 01 085 (056-1.25) —_ 120 Capoetioetal, 2017 7 @ 15 104(084-130) - 141
Choudhury etal 52016 T @ ER] 033(004:3.08) 04 Chenetal, 2017 3 % 094043209 N 1
Clemetal, 02016 6 4 3 4 2.00(0.54-7.46) 10 Choudhury etal,? 2016 3 36 2 0.86(0.69-1.07) —— 16
Dinser etal,* 2003 ] 2% 3 2% 062(031-1.21) 39 Clem etal, 02016 1 18 4 1.06(0.65-1.70) _ 30
Gordonetl. 72016 005 3w 0.14(001-273) 02 Fonseca huizetal #2013 4 516 03103027)  ——————— 0§
Hajjaretal 182017 %5 14 4 151 0.78(0.67-089) E 3 748 Gordonet o0 2016 3] 56 204 113(083-1.82) —_— 6
Lauzer et al, 712006 0 ] 0 ] Not estimable Hajjaretal,1$2017 3 U 11 097(057-164) —_— 25
oS S S B v I — i —weens  _— 4
Ve, 2005 1% ‘B L2 o Ol td, 92014 [ 8 1% 080(062:1.04) - 106
Russeletal, 7 2008 7w U8 05024133 ———— 27 s LT 0T 3 gy ) - 70
Russelletal 2 2017 o 12 023(001:537) 02 usselltal 22008 14 B 091(076-1.09) - a4
Swobodaetal, 2012 7B 0 092(048-1.74) 44 usselletal 22017 s 1 19 098032309 05
Totaevents (95% 1) 59 73 s m 077(067:088) * 1000 Suoboda el 2012 10 TR} 0820059-1L13) — 68
Heterogeneity: 120.00; 4=9.10 (P= 43); P=1% — Totalevents (95% C1) 532 91 1451 0.89(0.82:097) * 1000
Overaleffect: 223,79 (P<.001) 02 10 50 Heterogenity: 2=0.00;,7=11.29 (P=.79); ————

RiskRatio (95% 1) Overall effect:2=2.62 (P=.009) 02
FiskRato (95% 1)
Mclintyre Jama 2018 Mcintyre Jama 2018




Angiotensine |l
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Khanna NEJM 2017

Table 2 ith d

Doparmine Auialfibrilavon;  Ventriculartachy-  + + + + Not described
multfocal atrial  cardia/fbrillation
tachycardia; car-
diac conduction
MBNormalties

Dobutamine  Aialfibrilation;  Ventricular tachy- -+ Notdescribed Notdescribed Notdescribed  Hypokalemia
multfocal atril — cardia/fbrillation

Epinephine®  Atrialfibrilation;  Ventricular tachy-  +++ + + + Lactic acidosis;
muitfocal atrial  cardia/fbrillation hyperglycaemia;
tachycardia, hypoglycaemis;

insulin resistance;
Jemia;

Norepinephiine  Atrial ibrilation;  Ventricula tachy-  ++ + + + Not described
multifocalatral  cardia/fibilation
atchycardia,
bradycardia

Vasopressin vl fibrlation;  Ventricular tachy-  ++ + + + hyponatremia
bradycardia cardiaffbrlation

Angotensinll® & Ventriculor tachy-  Notdescribed  Notdescribed + Notdescribed  Not described

carda

Levosimendan  Auialfibrilation;  Ventricular tachy-  Notdescribed  Notdescribed  Notdescribed ot described  Metabolic alkalosis
multfocalatial  cardia/fbration hypokaleria
tachycardia

junctional tachy

Esmolol/ Bradycardia; + Notdescribed + Notdescribed  Hyperkalemia; met-
Landiolol conduction abolic acidosis
abnormalites;
sinus arrest;
asystole.

* Epinephrine my also be associated with brain haemorrhage
© Synthetic human angiotensin i

Annane ICM 2018
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The Artificial Intelligence Clinician learns optimal
treatment strategies for sepsis in intensive care

MatthieuKomorowski©'23, Leo A, Celi®3¢, OmarBadawi®¢, Anthony C.Gordon®™ and
A.AldoFaisal#*
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Plus de remplissage et moins de vasopresseurs
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Intravenous fluids
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Vasopressor

Mortality

0
W o O o
BSOS

Average dose excess per patient

Equal proportion given too much / too little
fluid - On average too much fluid (~80ml/h)

0
,\/Q‘b»bph»ﬂ/ PP R N
Average dose excess per patient

75% given too low vasopressor dose
— median dose deficit 0.13 pg/kg/min

Conclusions

= Triade: hypovolémie + vasoplégie +
myocardiodépression

= Evaluer de fagon dynamique la sensibilité au
remplissage vasculaire

= Sélectioner un vasopresseur: NE en 1ére
infention

VP ou Adrénaline en 2de intention
Monitorage

» PAM (>65mmH)

=»| actate (clearance <10%)

= Microcirculation (TRC <3sec)
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