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MCS in cardiogenic shock: 
where is the problem?? 



IABP IMPELLA 

TandemHeart ECMO 

MECHANICAL CIRCULATORY SUPPORT DEVICES:  
HANDS TIED? 



MCS at San Raffaele 
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IABP-SHOCK II TRIAL IABP 

Thiele, H. Intraaortic balloon support for myocardial infarction with cardiogenic shock. 

N Engl J Med 2012; 367: 1287–96. 

•Randomized, prospective, open-label, multicenter trial 
 

•IABP vs. STANDARD OF CARE 
 

•301 vs. 299 patients 
 

• STEMI and NSTEMI complicated by CS 
 

 
•Cardiogenic SHOCK: SBP < 90 mmHg > 30 min or   
   inotropic support requirement, impaired organ   
   perfusion (UO < 30 ml/h, clammy skin, altered mental   
   status), lung congestion. 
 
•Exclusion criteria: mechanical complication, CPR > 30’,   
  no intrinsic heart action, coma, severe PVD, AR >  
  moderate. 
 
• PCI (in 95.8%), CABG (3.5%), no reperfusion (3.2) 

39.7% 

41.3% 

NO SURVIVAL BENEFIT 
P=0.69 



• Randomized, prospective, open-label, 2-center trial 
 

• 25 patients 
 

• IMPELLA 2.5 (12 pts) vs IABP (13 pts) 
 

• STEMI and NSTEMI complicated by CS 
 

• Cardiogenic SHOCK definition: from the SHOCK Trial 
 
• PCI (92%), CABG (8%) 

ISAR SHOCK TRIAL 

NO SURVIVAL BENEFIT 

CPI IMPROVEMENT AT 24 h 

Seyfarth, M. A randomized clinical trial to evaluate the safety and efficacy of a percutaneous left 
ventricular assist device versus intra-aortic balloon pumping for treatment of cardiogenic shock caused 
by myocardial infarction. J Am Coll Cardiol 2008;52:1584–1588. 



RANDOMISED COMPARISON: 
TandemHeart vs. IABP 

• Randomized, prospective trial 
 
• 41 patients 

 
• TandemHeart (21 pts) vs IABP (20 pts) 

 
• STEMI and NSTEMI complicated by CS 

 
• Cardiogenic SHOCK: SBP < 90 mmHg > 30 min or   
   inotropic support requirement, CI < 2 l/min/mq, impaired organ   
   perfusion (UO < 30 ml/h, clammy skin, lactate > 2, ), elevated    
   LV filling pressures (PCWP > 15 mmHg). 
 
• Exclusion criteria: age .75 years, mechanical complications of   
   AMI, duration of CS > 12 h, RV failure, sepsis, significant   
   AR, severe cerebral damage, resuscitation > 30 min, severe   
   PVD. 
 

 
• PCI (95%), CABG (5%) 

Thiele, H. Randomized comparison of intra-aortic balloon support with a percutaneous left ventricular assist device 
in patients with revascularized acute myocardial infarction complicated by cardiogenic shock.  

Eur Heart J  005;26:1276–1283. 

NO SURVIVAL BENEFIT 

CPI IMPROVEMENT AT 72 h 



ECMO: Evidence from a 
retrospective trial 

•Single-centre retrospective comparison  

• 46 profound CSMI patients: primary PCI + ECMO (between 2002 and 2009)  

   vs.  

• 25 profound CSMI patients: only PCI (between 1993 and 2002) 

 

• Profound shock: profound shock was defined as systolic blood pressure < 75 mmHg despite intravenous    

   inotropic agents and IABP support associated with altered mental status and respiratory failure.   

 

• 30-day survival in the ECMO group was 60% vs. 35% in the historical group 

 

Early extracorporeal membrane oxygenatorassisted primary percutaneous coronary intervention improved 30-
day clinical outcomes in patients with ST-segment elevation myocardial infarction complicated with profound 
cardiogenic shock. Crit Care Med 2010;38:1810–1817. 

35% 

60% SURVIVAL BENEFIT 



STATE OF THE ART:  
PRESENT GUIDELINES 

Tandem  
  Heart 

Impella ECMO 

IABP 

ESC Guidelines for the management of acute myocardial infarction in patients presenting with ST-
segment elevation. Eur Heart J 2012;33:2569 – 2619  

Cardiogenic shock due to myocardial infarction: diagnosis, monitoring and treatment – a German-
Austrian S3 Guideline. Dtsch Arztebl Int 2012;109:343 – 351 

2013 ACCF/AHA guideline for the management of ST-elevation myocardial infarction: a report of  

the American College of Cardiology Foundation/American Heart Association Task Force on Practice 
Guidelines. Circulation. 2013;127:e362-e425 



San Raffaele Hospital IABP 2013: 
Patient population by etiology  

Etiology Number 

Pre-operative 
27 

16.3% 

Post cardiotomy 
65 

39.2% 

VT ablation 
10 

6% 

Cardiogenic shock 
19 

12% 

Cardiac arrest 
23 

13.9% 

Septic shock 
4 

2.4% 

CathLab 
17 

10.2% 



Mean duration of IABP support 



In hospital mortality by etiology 

Etiology Survived Exitus 

Pre-operative 
22 5 

81.5% 18.5% 

Post cardiotomy 
58 7 

89.2% 10.8% 

VT ablation 
9 1 

90% 10% 

Cardiogenic shock 
12 7 

63.2% 36.8% 

Cardiac arrest 
8 15 

34.8% 65.2% 

Septic shock 
1 3 

25% 75% 

CathLab 
17 0 

100% 0% 



Impact of right ventricular dysfunction in 
IABP-treated patients 

Survived Exitus Total 

Normal RV function 
60 10 70 

85.7% 14.3% 100% 

Abnormal RV function 
58 23 81 

71.6% 28.4%* 100% 

Total 
118 33 151 

78.2% 21.8% 100% 

* P = 0.036 

In the presence of RV dysfunction, the mortality of IABP-
treated patients is doubled 



Postoperative EF and mortality 
0

2
0
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0
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F
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32% 27% 

Survived Exitus 
p = 0.059  



• Reduction of major and minor complications: can be further 
improved by optimization of management 

 
• Broad spectrum of patients’ size: critical for ‘small ECMO’ 

 
• Lack of evidence to favor other MCS devices 

 
• Ease for ‘upgrading’: vascular access is not violated for larger 

approaches 
 

• Other MCS have same contraindications or limitations: PVD, 
AR, Dissection 

 
• The easiest to use cardiac assist 

 

BACKGROUND for contemporary 
and future applications of IABP 



IABP: FROM THE OLD TRENDS TO THE FUTURE    
                   ‘EXTENDED’ INDICATIONS 

CONVENTIONAL APPLICATIONS 

•CARDIOGENIC SHOCK MI TREATED WITH PCI/CABG 

 

•HIGH RISK PCI 

 

•MECHANICAL COMPLICATIONS OF MI 

 

•FAILURE TO WEAN FROM CPB 

 



•  PREOPERATIVE BEFORE CARDIAC SURGERY 

 

•  OTHER TYPES OF CARDIOGENIC SHOCK (MYOCARDITIS, DECOMPENSATION OF CHF) 

 

•  BRIDGE TO LVAD-HTx 

 

• PROPHYLACTIC BEFORE VT ABLATION 

 

•  LV UNLOADING IN VA-ECMO 

 

•  RV DYSFUNCTION 

 

•  TRANSPORTATION 

EXTENDED INDICATIONS 



Need for inotropic agents strikingly reduced 

RV DYSFUNCTION 

Intensive Care Med (2013) 39:1152–1153 



Escalation of therapy: 

• On top of VA ECMO 

• Plus VA ECMO 

• On top of IABP 

• ……… 
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• Intensive care unit 

• Operating theater 

• Cath lab 

• Electrophysiology 

• ‘Mobile’ unit 

• ……… 

MANY SCENARIOS 



Rastan et al – Jour. of Thor. and Card Surgery, Feb 2010 

“… in trying to get LV recovery ECMO is not really an unloading strategy. It is rather, a 

loading strategy…”² 

“ ECMO, as a right-to-left bypass, improves peripheral vascularization in patients with 

heart failure, but may result in overloading of dysfunctional left heart chambers and 

pulmonary edema. This overload, in turn, impairs myocardial perfusion, further 

increasing LV dysfunction.” 

Jouan et al Jour of Hrt Lung Transplant June 2009 

ECMO LOADS – WE NEED TO UNLOAD THE LV!!! 

34 



VA-ECMO increases LV afterload secondary to retrograde blood flow 
 
 
 
The increased afterload prevents aortic valve opening  
 
 
 
 
LV volume overload 
Pulmonary vascular injury  
Stasis with thrombus formation within the LV cavity  
Increased wall stress and sub-endocardial ischaemia 
Pulmonary venous congestion 

BEYOND CIRCULATORY SUPPORT:  
    IMPELLA-DRIVEN LV VENTING 

35 



•  ECHO: VENTRICULAR DISTENSION 
 

•  ECHO: STASIS IN THE LV 
 

• INVASIVE HAEMODYNAMICS: HIGH FILLING PRESSURES 
 

• CHEST RADIOGRAM: PULMONARY EDEMA, “WET” LUNG AND PULMONARY INFECTIONS 

SIGNS OF LEFT VENTRICULAR OVERLOAD 

36 



Boulate, D. Acute lung injury after mechanical circulation support implantation in a patient on 
extracorporeal life support: a unrecognized problem. Europ J Cardio-Thor Surg. 2013 

Patients with ALI (n = 15, 13 deaths) 

Patients with NO ALI (n = 40, 21 deaths) 

• CHEST RADIOGRAM: PULMONARY EDEMA 
 
• SWAN-GANZ CATHETER/ECHO: HIGH FILLING PRESSURES 

 
• ECHO: VENTRICULAER DISTENSION 

 
IN PATIENTS ON ECLS UNDERGOING VA-ECLS BRIDGE TO MCS  

 

87% 

LV VENTING 



LV VENTING STRATEGIES 

PROS  
CONS  

Does not fully prevent stasis/thrombus in the LV cavity  

1. IABP  

Poorly effective  

5. IMPELLA Effective in decreasing LV diameter, wedge and pulmonary pressures 

Effective in preventing stasis/thrombus in the LV cavity  

Safe: no risk of air embolism, stasis or 
clotting 

Cheng A. Impella to Unload the Left Ventricle During Peripheral Extracorporeal Membrane Oxygenation. ASAIO 

Journal 2013; 59:533–536. 

Minimally invasive  

Contraindicated in AR  

3. Central ECMO cannulation 

Requires surgery 

Effective 

2. Apical LV cannulation via left minithoracotomy Effective 
Surgical morbidity and mortality 
Concern of air embolism 

4. Transseptal left atrial cannulation  No surgery   

Concern of air embolism 

38 



Cardioseptic shock 



LV venting: new ECMOs require new IABPs….. 



LV venting: new ECMOs require new IABPs….. 



A new combination: pLVAD and IABP 



A new combination: pLVAD and IABP 





LVAD and RV failure 



• Non inferiority 
 

• Subgroups with significant benefits (<50y) 
 

• Long tem outcome is not for MACE 
 

• High number of ‘violators’ in all studies: clinicians strongly believe in its benefits! 
 

• No differences in complications (leg ischemia, stroke, sepsis): SAFE 

SHOULD WE ABANDON IABP? 



• We need to identify ‘non-responders’ 

 

• May be CPR (45% in SHOCK-II) is for ECMO 

 

• We need other devices ON TOP of IABP 

 

• Timing is crucial and deployment of mechanical support should be earlier in 
remote centers, before malperfusion 

 

• Beware of invasive technologies in frail patients!! 

 

• Optimize management and define strategies for anticoagulation, evaluation of 
efficacy and weaning 

NEW PERSPECTIVES 



• Identification of the functional scale of the left ventricle and severity of shock 
 

• Timing 
 

• Monitoring during the procedure 
 

• The ‘track’ of MCS for cardiogenic shock 
 

• Most of the mortality can be attributed to the gap on ‘UPGRADING’ 

LIMITS IN THE USE OF IABP 



IS ECMO BETTER? 



Don’t know…., but jump on your patient if you are 

confident with technology 



Mechanical  circulatory  support 
UNIT  

-  NEW PROFESSIONAL PROFILE  

-  DEDICATED UNIT  

-  COMPREHENSIVE MECHANICAL CIRCULATORY  

  SUPPORT AND TRANSPLANTATION  

-  TEAM WORK 

-  RESEARCH 




