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Refractory shock requiring ECLS 

• Obstructive
• Cardiogenic

• Hypotermia
• Cardiac drug poisoning

• Hypovolaemic
• Distributive

• Septic
• Anaphylaxis
• Neurogenic
• Intoxications

• Endocrine (hypoadrenal, hypothyroid, DKA) 



N=1014 
6% favorable outcome

…>15 min CPR….CPS 1-2 in < 15% !
age<70, witnessed arrest
Time to CPR < 5 min, bystander CPR
Shockable rhythm, ETCO2≥10 mmHg
Debaty G: Resuscitation 2017, Reynolds JC: Resuscitation 2017

• E-CPR triggered at 10-15 min of refractory CA + cannulation 10-20 min = ≤60 min

• early notification crucial, centralisation of care – E-CPR bundles ! 

• FATE+FAST (20% of CPR non-cardiac causes): obstruction, hypovolaemia, AR, Ao
dissection

• Early PCI (OR 1.7 for good neurol outcome, Wang 2018)

• distal perfusion cannula to be completed in up to 4 hours



How to achieve it ? 
……………ECMO-to-OHCA

• All OHCA under 70 years

• Bystander CPR overall 50%

• Time to CPR ˃5 min in 41%

• Time to decision: 
• Survival (CPS 1-2) from 8% to 

29% (p<0.001)
…..if decision point for E-CPR 
from 30 min to 20 min of  
refractory cardiac arrest
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3.9% of all CPR selected for E-CPR



or, rather,…..patient-to-ECMO ?

• E-CPR 124 patients vs CPR 132 patients

• Survival with CPC 1-2 at 180d  31.5% vs 22% (p=0.09)

• Cardiac recovery 43.5% vs 34.1% (p=0.12)

6
5% of all CPR selected for E-CPR

• E-CPR 70 patients vs CPR 64 patients

• Survival with CPC 1-2 at 30d 20% (14) vs 
16% (10) (p=0.52)

6% of all CPR selected for E-CPR



Female 35 years, recurrent VF 
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ECLS yes or no ? 

• In light of the new EBM - ECMO is not indicated…as it has no impact on outcome in CS 
• ECLS Shock with problematic definition of CS (no echo or CO/CI) – impact ? 
• Prague CS validated the indication to ECLS in a CS non-responsive to therapy
• Beware of pragmatic trials….we need EBM + ☺



ECLS – when to cannulate ? 
• Stage of shock ? 
• Duration „in shock“ ?  
• Impact on reperfusion injury
• Are „hypotension, clammy

extremities and lactate“ 
enough to decide ?

• Or, rather, a volume
corrected SV/CO/CI ?   

Stage E …….mortality ≥ 50%



How to cannulate ? Choice of cannulas related to shock phenotype: severity and duration
of shock, also to circulating stress volume – CO/CI with reperfusion

• MAP = CO x SVR
• MAP = (CO+Qb) x SVR
• Cardiac VA support: Qb 3-4 l/min
• Reperfusion injury:  Qb 4-6 l/min
• Reperfusion injury and hypoxia:                  

Qb 5-7 l/min
• Severity and duration of shock
• CPR (stage E): SVR decrease as 

major confounder of current trials
on CS
• 78% ECLS-Shock with median

20 min CPR
• 40-50% registries of CS
• ? pragmatic trial protocols

• Heterogenous cohorts ! 
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VA-ECMO



Impact of BMI (circulating stress volume) on required Qb: Stage E or D ? 
cannula size: peripheral circulatory support and oxygenation

IHCA for PE
235 cm
240 kg
BMI 44
41 years
FlowTriever
on VA-
ECMO

With permission



Obesity paradox reported for VV but not for VA at Stage E (profound shock, E-CPR): 
high BMI and circulating stress volume… 

- Vessel diameter to estimate cannula size
- BMI
- severity and duration of shock (SVR)
- severity of hypoxia

- Obesity (BMI ≥ 40…50 ?) is not a 
contraindication….beware of small caliber
vessels in severe hypoxia

- Access to groins and jugulum

17/11/2024



RV echocardiography parameters as  
indicators for ECMO – to prevent shock
progression

• No relation between RV echo and ELSO criteria for 
VV-ECMO

• Progression of ACP towards CS and a need for VA-
ECMO with HR for outcome especially in higher BMI 

• Related to mortality, OR 4.5, p=0.005 (Argulian E, 
JACC 2020, 13:2459-60), SV arrhythmias in 44%



VA-ECMO in stress cardiomyopathy: TTS 
• Apical (70-80%), midventricular (10-20%), basal (5%)
• Right sided, biventricular TTS

• stress cardiomyopathy (…hypoxia, sepsis,  
arrhythmias, catecholamines, microthrombi)

• critical in primary respiratory failure with high BMI

17/11/2024

myocarditis only 4.5% of heart failures



VA-ECMO in septic TTS – substituting CO and chasing SVR…….                                   
(MAP = CO x SVR) • Hypodynamic septic shock

• VA or V-AV ECMO according to „inadequate cardiac output“
• If cannulated at CI 1.5 l/min.m2: ECMO RR for mortality 0.57, p=0.03
• ICU survival 70-75%  - unless CPR (stage E CS) – HR 4.6 (p=0.006) for mortality



VA-ECMO for profound vasoparalysis ? (hyperdynamic septic shock)

• From hypodynamic to hyperdynamic
septic shock (+72-96h from drop of SV/CI)

• MAP = CO * SVR
• Chasing MAP with high CO !
• Evidence in children (low BMI)
• Adults require high ECMO blood flows and 

cannulas up to 51F (central ECMO with
sternotomy)

• Adding another peripheral ECMO……? 



Dual VA-ECMO for profound vasoparalysis ? 

• Rescue for a refractory hyperdynamic
septic shock (+72-96h..)

• MAP = CO * SVR
• Chasing MAP with high CO (12-15 l/min)
• Axillar VA-ECMO added (3.5 l/min CO)
• No sternotomy
• Weaning and reversal: 2x VA-ECMO:  

• …..V-AV with 1.5 l/min return via SVC 
• ….later to VV-ECMO…explant



VA with no or minimal heart unloading (…<10-30% of VA-ECMO cases)
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• Minimum CO of 1-2 l/min on VA-ECMO
• If not: risk of thrombus formation LV/LA
• Coronary flow dependent solely on the 

VA-ECMO….. 
• LVEDP   + catecholamines
• …myocardial DO2/VO2 mismatch

• Pulmonary edema
• Unloading

• Impella
• Atrial trans-septal vent
• PA drainage
• Surgical vent of LV/LA
• IABP



Impella or ECPELLA

• Archimedes pump
• Improves flow in aortic

root and coronary
circulation

• LVEDP -10mmHg
• Reduces afterload effect
• Impella CP 3.5 –

peripheral insertion –
distal leg perfusion

• Impella 5.5 – subcl. 
prosthesis – bridge to 
recovery, LVAD, HTx

• Not suitable in AR or LV 
thrombus

• VA-ECMO weaned first
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Impact of LV unloading on outcome: early vs routine vs patient tailored ? 
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Venting side effects
• Malposition
• Haemolysis
• RRT and ARF
• Bleeding, sepsis, limb ischaemia
• Longer VA support and IPPV

360 pts / 11 years
FI = 2
NNH 6 < NNT 8



Impella malposition: echocardiography and impact on unloading
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• Malposition – depth 3.5 cm 
(CP) to 4.5-5 cm (5.5)

• Malrotation (MV apparatus)
• ! MV to AV angle ≤127° in 

A2C 
• IV septum position – RV 

function, volaemia



O2

pump

oxygenator

a. fem.

ivc

Distal leg perfusion and Ecpella
• Routine on VA-ECMO
• Ecpella may require a cross-over distal perfusion
• weaning: last 0.5 l/min Qb for limited time (critical leg hypoperfusion) 
• alternatives

• leg NIRS when thin return aortic cannula
• a. dors. pedis pressure curve monitoring 



Haemolysis

• fHb reduces NO (consumption, blocks
iNOS) – when haptoglobin saturated

• Vasocontriction, platelet activation, 
thrombosis

• Acquired vWf syndrome

• Pigment nephropathy, ATN, ARF

• NOMI – bact. translocation and sepsis

• Purge solution – 25.000 IU UFH/1000 ml 
crystaloid or 25 ml 8.4% bicarbonate

• Prevention of thrombus – increases fHb



Ecpella related haemolysis

• 70% of Ecpella cases
• > 4-5 days on ECPELLA
• Free Hb˃0.5 g/l, bilirubin and 

prognosis
• ECMO venous pressure ˂-100 

mmHg and ΔP˃ 40 mmHg…
• Impella 5.5 with up to 33.000 rpm

better than Impella CP with up to 
46.000 rpm
• Preferred P4-5 rather than P8-

9 (fHb r=0.61, p<0.001)
• Daily bedside photometry

• Centrifuge 4000 rpm/4min, 
LiHep vial

• CAVE: HLP and TAG levels
• TAG ≥ 5 mmol/l may double 

fHb
• Plasmaseparation for fHb
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VA-ECMO (heart and lung assist) is circulatory support - not a 
heart replacement,...neither is Impella
• Progressing refractory cardiogenic shock, „stage D“: CI…..1.8 l/min.m2



Progressing shock in intoxications: VA-ECMO
• Antihypertensives and antiarrhythmics…..when the time window for elimination from GI tract is 

missed…..and external pacing + inotropic/vasopressor support fail 
• Ca-channel blockers
• ACE inhibitors and sartans (SVR !)
• Yew tree
• Betablockers 
• Digoxin (on the decline…)

• Prague GUH 4-5 patients/year
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Taxus baccata (Yew tree)
• Arrhythmogenic storm

• VA-ECMO 48-96h
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Refractory shock: Accidental hypotermia

• Meta-analysis Resuscitation 2018: 658 pts with 
good neurological survival in 40.3%

• asphyxia – „chilled before hypoxic/drowned“

• Reversible K+<10-12 mmol/l, pH>6.5, lowest
survived 13-15°C core temperature

• Perfusion 2019: Prague binge drinking
weekends, VA-ECMO 3m survival CPS-1 in 90%  
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• bypasses ED into
ICU with ECMO 
availability



VA-ECMO: Oligemic lungs and implications for imaging

• X-ray may look falsely more aerated –
pneumonic infiltrates are less dense

• CT scan with contrast may require
• transient reduction of Qb
• place of injection CVC
• volume and flow of contrast
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VA septic shock
admission VA septic shock D2 VA septic shock D3

VA-V septic shock D5



VA-ECMO: restoration of pulmonary circulation

Svc 18F

Ivc 29F
a. fem.spf. 7F

a. fem. 23F

• ETCO2 increase, NIRS and SO2 right
hand decrease
• septic shock and VA-ECMO for TTS
• resolution of OHCA

• Th: V-AV ECMO
• Restores oxygenation, yet reduces

ECMO circulatory support to aorta



Thank you for your attention !
Complex Cardiovascular Center
1St. Medical Faculty of Charles University, 
General University Hospital

U nemocnice 2; 128 08, Prague 2, EU
T: +420 224 962 243
F: +420 224 962 118
E: martin.balik@vfn.cz
www.karim-vfn.cz
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