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òHalf of the nonsurvivors developed a decreasing cardiac index, with

no change in heart rate or ejection fraction, (.. ) and become those

nonsurvivors who die of a cardiogenic shock-like state .ó

Parker MM, J Crit Care 1989

Reversible myocardial 
dysfunction during sepsis
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ÅS. pneumoniaeis capable of 

translocation into the myocardium, 

forming discrete, nonpurulent, 

microscopic lesions filled with Spn

ÅInvasive pneumococcal disease 

induces cell wallςmediated inhibition 

of cardiomyocytecontractility

ÅBacterial virulence determinants, 

pneumolysinand hydrogen peroxide, 

are most likely responsible for 

myocyte death

Spn Translocation across

vascular endothelial cells
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Streptococcus pneumoniae cardiac

microlesion formation 

and subsequent cardiac scarring
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Reversible Left Ventricular Dysfunction òTakotsuboó Cardiomyopathy

Related to Catecholamine Cardiotoxicity
Akashi, Journal of Electrocardiology 2002

Role of catecholamines?

Reversible myocardial dysfunction 
during sepsis
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ÅContinuum in ǎŜǾŜǊŀƭ ŎƻƴǎŜŎǳǘƛǾŜ ǇƘŀǎŜǎΧ

ÅEarly phase: 
ÅLow-flow state related to hypovolemia
ÅVolume expansion increases cardiac ƻǳǘǇǳǘ ŀƴŘ ƛƳǇǊƻǾŜǎ ǇŀǘƛŜƴǘΩǎ 

perfusion

ÅSecond phase: Hyperdynamicstate
ÅHigh cardiac output 
ÅLow systemic vascular resistance

ÅThird phase: 
ÅDecreased cardiac output
ÅIncreased systemic vascular resistance
ÅProgressive metabolic acidosis
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Understanding cardiac 

failure in sepsis
Antoine Vieillard-Baron

M. Cecconi

ICM, 2014



alain.combes@aphp.fr www.paris-ecmo.orgCardiology Institute alain.combes@aphp.fr www.paris-tcsecmo.orgCardiology Institute

ECMO & Sepsis: Pediatric data
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Publication Age
Nb of patients, 

context
ECMO type

Pre-ECMO 

myocardial 

dysfunction

Survival, n 

(%)

ECMO 

duration,

median

ICU stay 

median 

Beca, 

Pediatrics 94
Child 9, septic shock PVA ? 5 (55%) 5,7 (2,4-9,6)

32

(17-38)

Goldman, 

Lancet 1997
Child 12, meningococcemia 10 PVA, 2 VV ? 8 (66%) 3,2 (0,8-10,9)

12

(7-35)

Luyt, Acta

Paediatr 2004
Child 6, meningococcemia PVA ? 1 (17%) 4,3 (3-7,2) ?

MacLaren, 

Pediatr Crit

Care Med 2007

Child 45, septic shock
PVA (76%) &

central (24%)
? 21 (47%) 3,5 (1,3-5,6)

9

(3,5-14)

MacLaren, 

Pediatr Crit

Care Med 2011

Child 23, septic shock Central VA ? 17 (74)% 3,9 (1,8-4,9) 9,7 (7,8-15,7)

MacLaren, 

Anaesth

Intensive Care 

2004

Adult 1, bacteriemia MSSA PVA + 1/1 7 25

Vohra, Ann 

Thorac Surg

2009

Adult
1, septic shock after 

cardiac surgery
PVA + 1/1 3 26

Firstenberg, 

Am Surg2010
Adult

2, necrotizing 

dermatitis
PVA + 2/2 4 (3-5)

51 (47-55), 

hospital stay

ECMO & Sepsis: Pediatric data
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McLaren, Ped Crit Care Med 07

45 pts (17 M/ 28 F)

Mean age 2,5 - 12 Kg (6-32)

Refractory septic shocks BC+

41 (91%) MOF>3 

All on catecholamine

18 (40%)CPR-ECMO

Dopa 12 Õg/kg/min (5 -20), n=32

Dobu 17,3Õg/kg/min  (10-25), n=14

Norepi 1 Õg/kg/min (0,02 -4), n=33

Epi 1,85 Õg/kg/min (0,05 -10), n=33
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ÅECMO support
Å34 (76%) peripheral VA-ECMO

Å22 (6,5-38) hours after shock onset

ÅDurations, days 
ÅECMO: 3.5(1-5)

ÅICU: 9(3.5-14)

ÅHospital 16(3.6-36)

Å21/45 (47%) SURVIVAL

McLaren, Ped Crit Care Med 07



alain.combes@aphp.fr www.paris-ecmo.orgCardiology Institute alain.combes@aphp.fr www.paris-tcsecmo.orgCardiology Institute



alain.combes@aphp.fr www.paris-ecmo.orgCardiology Institute alain.combes@aphp.fr www.paris-tcsecmo.orgCardiology Institute

Guidelines 

Crit Care 

Med 09
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ECMO and 
SepticShock
Data in Adult Patients
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Survival = 15%
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Journal of Thoracic and Cardiovascular Surgery, 2016
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Journal of Thoracic and Cardiovascular Surgery, 2016

Overall Survival = 30%
VA-ECMO survival = 24%
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Journal of Thoracic and Cardiovascular Surgery, 2016

RTI, respiratory tract infection; 

BSI, primary bloodstream infection; 

IAI, intra-abdominal infection; 

IE, infective endocarditis; 

MD, mediastinitis; 

NF, necrotizing fasciitis;

UTI, bacteremic urinary tract infection; 

MY, myocarditis
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Journal of Thoracic and Cardiovascular Surgery, 2016
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Journal of Thoracic and Cardiovascular Surgery, 2016
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Venoarterial ECMO

n=222

2 Deaths under ECMO

2 Deaths in ICU

Refractory septic shock

n = 14

10 Long-term survivors

Venoarterial ECMO

n=222

2 Deaths under ECMO

2 Deaths in ICU

Refractory septic shock

n = 14

10 Long-term survivors

Bréchot et al, Crit Care Med, 2013
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Å14 septic shock patients
Å7 M/ 7 F, 45 years (28-66)
Å6 Immunocompromised
Å12 CA, 2 nosocomial
Å11/14 severe bacterial 

pneumonia
Å8/14 ECMO via Mobile team
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Å6/14 Streptococcus pneumonia

Å2 Legionella pneumophila

Å2 Staphylococcus aureus



alain.combes@aphp.fr www.paris-ecmo.orgCardiology Institute alain.combes@aphp.fr www.paris-tcsecmo.orgCardiology Institute

Patients n=14 Value

Age, yr, median (range) 45 (28ς66)

ECMO implantation by UMAC, n 8

Shock onset-to-ECMO interval, hrs, median 24 (3ς108)

Femoral ECMO, n 14

Left ventricular ejection fraction (%), median 16 (10ς30)

Catecholamine dose, mg/kg/min, median 

Dobutamine, n= 4 17.5 (6ς30)

Norepinephrine, n= 9 2.0 (0.5ς4.9)

Epinephrine, n=13 1.25 (0.1ς4.2)

Pre-ECMO mean arterial pressure, mmHg, median 72 (53-105)

Pre-ECMO central venous pressure, mmHg, median 18 (10-35)

Pre-ECMO cardiac index, L/min/m2, median 1.3 (0.7ς2.2)

Pre-ECMO systemic resistance vascular index, 3162 (2047-7685)

SOFA score, median 18 (8ς21)

pH, median 7.16 (6.68ς7.39)

Blood lactate, median 9 (2ς17)

N-Terminal pro-brain natriuretic peptide, pg/mL 29,788 (1,843ς35,000)

Bréchot et al, Crit Care Med, 2013
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ÅVery specific 
hemodynamic profile

ÅLow LVEF
ÅLow CI

ÅHigh vascular resistance



alain.combes@aphp.fr www.paris-ecmo.orgCardiology Institute alain.combes@aphp.fr www.paris-tcsecmo.orgCardiology Institute

Peripheral VA-ECMO 
cannulation
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Peripheralcannulation
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*** ***

Time to LV 

recovery

<5 days

Bréchot et al, Crit Care Med, 2013
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Severe ARDS in addition to 

refractory cardiogenic shock

Bréchot et al, Crit Care Med, 2013
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*** ***

Time to LV 

recovery

<5 days

Bréchot et al, Crit Care Med, 2013

Five patients switched to 
VV-ECMO for 5 days (3ð21d) 

because of persistent 
severe respiratory failure
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The case of a 54 yrsold
patient with severeCA 
pneumonia…
Had VA-ECMO for septic shock and 
evolution towards cardiogenic shock
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At ECMO initiation…
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On Day one…
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On day5…
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On day7…
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Conclusion

ÅRare but life-threatening complication 
ÅhŦ άǎǳǇŜǊέ ǎŜǾŜǊŜ ǎŜǇǘƛŎ ǎƘƻŎƪ

ÅVA-ECMO to rescue these dying patients 
ÅOnly for low cardiac output/low LVEF syndrome ?

Å70% survival if treated early

ÅRapid recovery of LV function

ÅSevere ARDS may require switch to VV-ECMO

ÅGood long-term HRQL

ÅNetwork of hospitals, Mobile ECMO team+++
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