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• Significantly low survival rates.

• MCS:  fundamental role in the contemporary treatment of CS.

• Device selection is a key element in determining optimal treatment 

• Different MCS specific nominal flow, potential complications, and expected durations.

• A simultaneous or consecutive combination of MCS.

• Correct timing and indications for implantation: early use pMCS = improved outcomes.

• Escalation & de-escalation.

Cardiogenic Shock

Clinical Research in Cardiology (2021) 110:1421–1430



CS: Management

• Intensive care unit with haemodynamic invasive and non-invasive monitoring. 

• The use of pulmonary artery catheters is strongly advised

• Continuous monitoring of 

• Cardiac output

• Blood pressure

• Cardiac filling pressures

• Residual LVEF

• Shock parameters: lactate, metabolic acidosis, mixed venous oxygen saturation.

• Inotropes: increased myocardial O2 cons. & arrhythmic risk, to maintain SBP, Class IIb.

Bertoldi LF. European Heart Journal Supplements (2021) 23 (Supplement A), A35–A40



CS: Management
when to consider MCS?

• Considering several inotropes

• Inadequate response to the inotropic support

• Inotropic score >20 (5.5) consider MCS 

• Inotropes for >48 h 

• Persistent elevated LVEDP, pulmonary congestion, metabolic decompensation, 

& end-organ damage
Bertoldi LF. European Heart Journal Supplements (2021) 23 (Supplement A), A35–A40
Yamazaki Y. Journal of Anesthesia (2018) 32:167–173
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Refractory CSpreCS CS
Ongoing evidence of tissue hypoperfusion despite 
administration of adequate doses of 2 vasoactive 
medications and treatment of the underlying etiology

Hypoperfusion and SBP <90 for >30 min or the need for 
pharmacologic or IABP to maintain SBP >90 mm Hg or 
MAP with 30 mm Hg lower than baseline.

Hypoperfusion and 
SBP> 90 mm Hg 
without circulatory 
support

Hypoperfusion

MODS

A-At risk
At risk of CS; 
SBP=N;CI>2.5;
Lactate=N
No hypoperfusion

B-Beginning C-Classic D-Deteriorating E-Extremis
Hypoperfusion that requires an initial set 
of Interventions (inotropes, pressors, MCS,
or ECMO) beyond volume resuscitation to 

restore perfusion; CI<2.2,PA sat <65%.
Lactate>2mmol/l

Failed to stabilize despite intense 
initial efforts. After  >30 minutes 
the patient has not responded 
with resolution of hypotension or 
end-organ hypoperfusion. Further 
escalation (increase in the number 
or intensity of IV therapies to 
address hypoperfusion, or addition 
of MCS) is required; 
Lactate>5mmol/l

Relative hypotension
or tachycardia without 
hypoperfusion; 
CI<2.2,PA sat ≥65%.
Lactate<2mmol/l

refractory cardiac 
arrest with ongoing 
CPR or are being 
supported by 
multiple  acute 
interventions 
including ECMO-
facilitated CPR

“cold-wet” “cold-dry”

“warm-wet” “warm-dry”

SVR ↑/PCWP ↑ /CVP ↑

SVR  ↓/PCWP ↑ /CVP ↑

SVR ↑/PCWP N ↓ /CVP N ↓

SVR ↓ /PCWP N ↓ /CVP N ↓

Society for cardiovascular angiography and interventions



CS: Management
when to consider escalation?

• Inotropic score >20 + MCS.

• Persistent elevated LVEDP, pulmonary congestion, metabolic decompensation, & end-

organ damage + MCS

• Repeated complete clinical, haemodynamic, and echocardiographic evaluations 

• Prompt MCS escalation should be considered when criteria are matched.

• Early use of appropriate MCS correlates with better clinical outcomes.



CS: Management
escalation

• Stage 1: Transfemoral IABP or Impella 2.5/CP

• Stage 2: Upper body surgical approach: Impella 5/5.5  

CI for performing the procedure: 

• a vessel artery diameter <6 mm

• the presence of heavy calcifications

• obstruction or dissection 

• pre-existing upper extremity ischaemia

• previous arterial axillary open cannulations

• Infraclavicular infections 

• Arteriovenous fistulae for dialysis

• A patent internal mammary artery graft.

The right axillary artery is preferred



CS: Management
escalation due to RV failure

• Primary Biventricular dysfunction 

• LV with concomitant RV failure development

• Definition of RV failure: 

• CVP (RAP) > 16 mmHg

• Reduced TAPSE 

• Invasive low pulmonary artery pulsatility index (PAPi) < 1.85 [(sPA-dPA)/RA]

• High RAP/pulmonary capillary wedge pressure ratio > 0.59.

Common DD of RV failure must be ruled out: 

• pulmonary complications 

• pneumothorax, pleural effusion, atelectasis.

• PE. 

• RV outflow tamponade. 

• persistence of metabolic decompensation.

• Non-pulmonary complications 



CS: Management
escalation due to 1ary vs 2ary RV failure

• 1ary RV failure: normal LV pressures:  escalation with RV MCS

• The biventricular MCS strategies: 

• VA-ECMO support.

• Addition of an RV assist device with ProtekDuo cannula.

• BiPELLA support: LV Impella (CP/5.0/5.5) and RV Impella (RP).

• When upgrading with VA-ECMO, concomitant LV unloading with a transaortic pump 

(ECpella strategy) is strongly recommended.

• 2ary RV failure: improve/escalate LV support



MCS escalating

Bertoldi LF. European Heart Journal Supplements (2021) 23 
(Supplement A), A35–A40



tMCS di-escalating

Bertoldi LF. European Heart Journal Supplements (2021) 23 (Supplement A), A35–A40

1. Haemodynamic and metabolic stabilization

2. Reduction in serum lactate & end-organ damage.

3. Implant Impella 5.0 at maximum flow. 

4. In hours, VA-ECMO flow progressively decreased.

5. Invasive haemodynamic monitoring

Echo parameters must drive ECMO de-escalation and appropriate ECMO removal timing



Temporary MCS: tMCS
Percutaneous mechanical support
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Percutaneous mechanical support

Tewelde SZ, Liu SS, Winters ME. Cardiogenic Shock. Cardiol Clin. 2018 Feb;36(1):53-61.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Tewelde%20SZ%5bAuthor%5d&cauthor=true&cauthor_uid=29173681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20SS%5bAuthor%5d&cauthor=true&cauthor_uid=29173681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Winters%20ME%5bAuthor%5d&cauthor=true&cauthor_uid=29173681
https://www.ncbi.nlm.nih.gov/pubmed/29173681


IABP-SHOCK II

CS –AMI: 50% mortality D/T

1. Hemodynamic deterioration

2. Multiorgan dysfunction syndrome

3. systemic inflammatory response syndrome.

IABP: used in 25%-40%

Tissue perfusion LV afterload Myoc. O2 supply



16

The recent  studies affected clinical practice:

• Decline in IABP use

• Increase use of Impella, Tandem- Heart, and VA-ECMO

The 2017 ESC STEMI GL: 

• Routine use of the IABP in CS  III B 

• Consider IABP only in Post AMI & mechanical complications. IIa

Iqbal MB, Robinson SD, Ding L, et al. IABP during primary PCI for STEMI & CS insights from the British Columbia cardiac registry.  PLoS One. 2016;11:e0148931.

Zheng XY, Wang Y, Chen Y, et al. The effectiveness of IABP for MI in patients with or without CS: a meta-analysis and systematic review. BMC Cardiovasc Disord. 2016;16:148.

IABP in CS post AMI



IMPELLA
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Percutaneous mechanical support

Ouweneel, D.M. et al. J Am Coll Cardiol. 2017;69(3):278–87.

Pre PCI in STEMI & CS??
< 6 days
Expensive

Impella CP



Escalating: 

• Impella CP to Impella 5.0

• Add or replace with an ECMO circuit
• Impella left as a LV vent. 

• To durable VAD 

ASAIO Journal 2019; 65:642–648.

Primary etiology of CS (%)
• ADHF 61% 
• Acute MI  34% 

INTERMACS 1 “crashing & burning” 48.4% 

INTERMACS 2 “sliding on inotropes” 51.6%

Mean clinical follow-up was 232.6±328.3 days. 

Survival to next therapy occurred in 68.8%

30 & 60 day survival: 67.2% & 65.6% 

Impella 2.5, one pt. 

Impella CP,  43 pts.

Impella 5.0, 36 pts.
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TandemHeart

• Flow: up to 4 l/m

• Trans septal approach

• Oxygenation possible

• Complications:

• Limb ischemia

• Bleeding 

• Hemolysis

Tissue perfusion LV preload LV afterload Myoc. O2 supply
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VA-ECMO

Drains venous blood from the RA +oxygenator

Pumps back: to the ascending aorta -central cannulation.

to the iliac artery -peripheral cannulation. 

Flow: more than 7 l/m

Significant increase in BP

Strongly improves end-organ perfusion.

Increases LV afterload. 

Absent or low arterial pulsatility:  LV is not ejecting, leading to blood 

stasis and thrombus formation,

Higher pulsatility indicates possible myocardial recovery.

levitronix

maquet



VA-ECMO
• Rapid insertion, no need for catheterization lab, bedside…Ambulance

• Even for the cardiologist..

• Ability to cool for hypothermia Tx

• Ambulatory with RSCA and RIJ cannulations

• Main complications: Bleeding & limb ischemia

• Less expensive

• LV unloading: Combined with IABP or Impella

Atrial septostomy

• 32 studies comprising 12756 pats: 62% of patients died in the hospital

• Harlequin syndrome
Tissue perfusion RV preload LV afterload LVP Myoc. O2 demand Myoc. O2 supply 

Rajsuc s. Annals of Intensive Care volume 12, Article number: 93 (2022)



tMCS:
Characteristics





Impella-based strategy to CS due to  
fulminant myocarditis

• ECMELLA: ECMO+Impella

• BI-PELLA: LV Impella + RV Impella RP.

• PROPELLA: prolonged Impella support (weeks)

• Unloading strategy provides the required circulatory support but also 

provides additional disease-modifying effects important for myocardial 

recovery (bridge-to-recovery). 

• Escalating & Di-escalating

(1) Ease of access
(2) Nonsurgical percutaneous insertion 
(3) Rapid deployment
(4) Potent biventricular support
(5) Stepwise weaning of uni- or biventricular support 
(6) Can be used as a bridge to a durable LVAD if needed

Tschöpe C. J. of Cardiovasc. Trans. Res. (2019) 12:116–123



Weaning Under Temporary Mechanical 
Circulatory Support with Impella

• Stage 1: baseline RV and LV function are measured by echo on full LV-Impella support.

• Stage 2: Impella RPMs (flow) is decreased in single steps (e.g., P8 to P7…) with the goal of 

achieving half of the original RPMs with maintenance of adequate hemodynamics. 

• At every flow level, RV and LV function and hemodynamic responses are monitored over 

5–10 minutes.

• If, at any period in the weaning protocol, RV or LV distension occurs or significant 

hypotension or increase in heart rate is observed, the weaning protocol is stopped and 

Impella support is returned to full flow.



Weaning Under Temporary Mechanical 
Circulatory Support with Impella

• Stage 3: If stage 2 was successful, Impella support will continue to be reduced by one step for 24 h and then 

reevaluated like described under stage 2.

• Stage 4: If stable RV and LV function, hemodynamics and volume status are maintained for 48 h on P2 Impella

support, inotrope stress test with dobutamine will be performed in which RV and LV functions and 

hemodynamics are observed for responses over 30 min. 

• If both, RV and LV function are recovered, the patient will be considered for Impella removal. 

• This procedure is not performed in patients who spontaneously increase their LV function during pump reduction 

flow, as is often detectable in myocarditis patients with recovery.

• Time for explanations approximately 4 weeks



Durable MCS: dMCS



Studies on Cardiac Functional and Structural 
Improvement during Chronic LVAD Support.



LVAD Bridge to recovery

Drakos SG. JHLT 2016;35;413-420,  J. Clin. Med. 2022, 11, 3542

Ventricular Assist Device Weaning Assessment Protocols
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