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Post-resuscitation shock: recent advances in pathophysiology 
and treatment
Jozwiak M, Bougouin W, Geri G, Grimaldi D, Cariou A. Ann Intensive Care 2020
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Outcomes following admission for out-of-hospital cardiac arrests
Perkins GD, et al. Lancet 2021
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n=499

n=269
n=768

ICU mortality after cardiac arrest: the relative contribution of shock and 
brain injury
Lemiale V, Dumas F, Mongardon N, Giovanetti O, Charpentier J, Chiche JD, Carli P, Mira JP, Nolan J, Cariou A
Intensive Care Med 2013



07/12/2021

Early arterial hypotension is common in the post-cardiac arrest 
syndrome and associated with increased in-hospital mortality
Kilgannon JH et al. Resuscitation 2008

Survival curves for pts exposed to hypotension after ROSC (at 
least 2 SBP <100 mm Hg over the first 6h) vs non- exposed

n=36
n=66

p<0.001

Mortality rate according to hypotension 
exposure
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Reasons for death in patients successfully resuscitated from out-of-
hospital and in-hospital cardiac arrest
Witten L et al. Resuscitation 2019; 136: 93-99

25%
17%

n=182 n=226
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Shock, MOF and death
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Reversible Myocardial Dysfunction in Survivors of Out-of-Hospital 
Cardiac Arrest 
Laurent I, et al. J Am Coll Cardiol 2002

Hemodynamic profile over the first 72 hours after CA and 
ROSC (using pulmonary artery catheterization)
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Reversible myocardial dysfunction after CPR
Ruiz-Bailén M, et al; ARIAM Group. Resuscitation 2005

• 29 patients 
• TTE and TEE
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Cardiogenic Shock Classification to Predict Mortality in the Cardiac 
Intensive Care Unit
Jentzer JC et al. JACC 2019

Society for Cardiovascular Angiography and 
Intervention (SCAI) shock stage
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“There are no randomised studies 
but given that many observational 
studies reported increased survival 
and neurologically favourable 
outcome, it is highly probable that 
early invasive management is 
beneficial in STE patients.”

ICU management
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Ibanez et al. Eur Heart J 2018

ESC Guidelines 2017

CoSTR.ILCOR.org (updated March 08, 2021)

ILCOR CoSTR 2021

Recent statements
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ERC – ESICM Guidelines 2021

• Emergent cardiac catheterisation laboratory evaluation (and 
immediate PCI if required) should be performed in adult patients 
with ROSC after cardiac arrest of suspected cardiac origin with 
ST-elevation on the ECG

• What about in patients without ST-segment elevation?
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Lemkes JS et al. NEJM 2019

COACT
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Desch S et al. NEJM 2021

TOMAHAWK
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• Emergent cardiac catheterisation laboratory evaluation (and immediate 
PCI if required) should be performed in adult patients with ROSC after 
cardiac arrest of suspected cardiac origin with ST-elevation on the ECG

• In patients with ROSC after out-of-hospital cardiac arrest (OHCA) without 
ST-elevation on the ECG, emergent cardiac catheterisation laboratory 
evaluation should be considered if there is an estimated high probability 
of acute coronary occlusion (e.g. patients with haemodynamic and/or 
electrical instability)

ERC – ESICM Guidelines 2021
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Coronary artery disease in patients with out-of-hospital 
refractory ventricular fibrillation cardiac arrest
Yannopoulos D, et al. J Am Col Cardiol 2017
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Reversible Myocardial Dysfunction in Survivors of Out-of-Hospital 
Cardiac Arrest 
Laurent I, et al. J Am Coll Cardiol 2002

Hemodynamic profile over the first 72 hours after CA and 
ROSC (using pulmonary artery catheterization)
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Successful CPR After Cardiac Arrest as a "Sepsis-Like" Syndrome
Adrie et al. Circulation. 2002;106:562

Kinetics of cytokines and 
sTNFRII levels on admission and 
over a 7-day period in 61 
resuscitated survivors (n=18, 
open diamonds) and 
nonsurvivors (n=43, black 
squares) of OHCA

Survivors

Non survivors
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The splanchnic hypothesis…

Courtesy of Prof David Grimaldi, Erasme, Brussels



07/12/2021

Markers of intestinal injury are associated with endotoxemia in 
successfully resuscitated patients
Grimaldi  D et al. Resuscitation 2013

Gut injury is common 
after cardiac arrest 

Endotoxemia is 
frequent after OHCA 

and is correlated with 
biomarkers of gut 

injury
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High level of endotoxemia following out-of-hospital cardiac arrest is 
associated with severity and duration of post cardiac arrest shock
Grimaldi D, Sauneuf B, Guivarch E, Ricome S, Geri G, Charpentier J, Zuber B, Dumas F, Spaulding C, Mira JP, Cariou A. 
Crit Care Med 2015

Vasopressor free days according to 
endotoxemia level

Endotoxin (Etx) level according to the 
presence of post-CA shock
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Six-month survival: 
§ Controls 21%
§ HF alone 42%
§ HF + HT 32%

p=0.28

Death by intractable shock (IS): 
§ Controls 42%
§ HF alone 10%
§ HF + HT 14%

p=0.009

p=0.026

p=0.018

Relative risk of death by IS: 
§ HF alone 0.21 (95% CI 0.5-0.85)
§ HF + HT 0.29 (95% CI 0.09-0.91)

Controls n=19
HF alone n=20
HF + HT n=22

Multivariate analysis: 
§ HF and six-month death: OR 0.21 (95% CI 0.5-0.85)
§ HF and death by IS: OR 0.29 (95% CI 0.09-0.91)

High-Volume Hemofiltration after Out-of-Hospital Cardiac Arrest. A 
randomized study.
Laurent I, et al. J Am Coll Cardiol 2005
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Hemodynamic efficiency of an hemodialysis treatment with high cut-off 
membrane during the early period of post-resuscitation shock: HYPERDIA trial
Geri G, et al. Resuscitation 2018

Conclusion: In cardiac arrest patients, HCO-CVVHD did not decrease the 
length of post-resuscitation shock and had no effect on hemodynamic profile
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1. Ischemia and reperfusion syndrome
2. Inflammatory response
3. Coagulopathy
4. Circulatory failure
5. Adrenal dysfunction

Post-resuscitation disease after cardiac arrest: a sepsis-like syndrome?
Adrie C, Laurent I, Monchi M, Cariou A, Dhainaut JF, Spaulding C.
Current Opinion in Crit Care 2004
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Prognostic value of relative adrenal insufficiency after out-
of-hospital cardiac arrest
Pène F et al. Intensive Care Med 2005

Shock-related mortalityPrevalence

Non-responders to synacthen test – n=22

Responders to synacthen test – n=16

Log-Rank   p=0.02



07/12/2021

Use of Corticosteroids in Cardiac Arrest: A Systematic Review 
and Meta-Analysis
Shah K and Mitra AR, Crit Care Med 2021
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HYVAPRESS trial
Prof Guillaume Geri - Saclay University, France), PI

OHCA and IHCA
Post-resuscitation shock

AVP 3d
HSHC 7d

Placebo 3d
HSHC 7d

AVP 3d
Placebo 7d

Placebo 3d
Placebo 7d

GOS level at Day 30
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• All patients should be monitored with an arterial line for 
continuous BP measurements, and it is reasonable to 
monitor cardiac output in most unstable patients
• Perform early (as soon as possible) echocardiography in 

all patients to detect any underlying cardiac pathology 
and quantify the degree of myocardial dysfunction
• Maintain perfusion with fluids, noradrenaline and/ or 

dobutamine, depending on individual patient need
• Consider mechanical circulatory support for persisting 

cardiogenic shock from LV failure if medical treatment is 
insufficient 
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How to manage arterial pressure after ROSC?
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AGRESSIONS CÉRÉBRALES SECONDAIRES D’ORIGINE SYSTÉMIQUE

HYPERTHERMIE

HYPER /
HYPOCAPNIE

HYPOTENSIONHYPO/HYPEROXIE

DYSGLYCEMIE
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Débit sanguin 
cérébral

Pression Artérielle Moyenne 

Autorégulation physiologique 

AUTO-REGULATION DU DEBIT SANGUIN CEREBRAL
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Débit sanguin 
cérébral

Pression Artérielle Moyenne 

Autorégulation physiologique 

Autorégulation abolie

AUTO-RÉGULATION DU DÉBIT SANGUIN CÉRÉBRAL

Hypothèse :
une PA + élevée 

permettrait d’optimiser 
le DSC et l’oxygénation
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Jakkula P et al. Intensive Care Med 2018

Targeting low-normal or high-normal mean arterial pressure after cardiac 
arrest and resuscitation: a randomized pilot trial
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Laurikkalala P et al. Crit Care Med 2021

Association of deranged cerebrovascular reactivity with brain injury 
following cardiac arrest: a post-hoc analysis of the COMACARE trial
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Elmer J, Callaway CW. Semin Neurol 2017

Changes in cerebral blood flow autoregulation after cardiac arrest

ONE SIZE DOES NOT FIT ALL !!
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Optimum blood pressure in patients with shock after acute myocardial 
infarction and cardiac arrest 
Ameloot K et al. JACC 2020
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Key messages

• Continuous monitoring (arterial line +/- CO) 
• Echocardiography (as soon as possible) in 

all pts
• Avoid hypotension <65 mmHg
• Target MAP to achieve adequate urine 

output (>0.5 mL kg1 h1) and normal or 
decreasing lactate

• Don not treat bradycardia induced by TTM if 
BP, lactate, or SvO2 is adequate

• Maintain perfusion with fluids, noradrenaline 
and/or dobutamine, depending on 
individual patient need

• Do not give steroids routinely


