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Step 1: Ask a clinical question to identify a key problem
Step 2: Acquire the best evidence (medical knowledge) possible
Step 3: Appraise the evidence (make sure it’s applicable to the population and the question asked)
Step 4: Apply the evidence to daily clinical practice
Step 5: Assess your performance

Evidence based medicine
…a way to achieve improved quality (survival), improved patient satisfaction, and reduced costs.



Randomized evidence?
• VV – ECMO in adults

• one positive RCT (Cesar)
• one negative RCT (Eolia) + individual patients data metaanalysis - positive

• VA – ecmo in adults
• ECMO-CS RCT (Czech Republic) completed – presented at AHA November 2022
• ongoing randomized trials (ECLS Shock, EuroShock, Anchor)
• Danger Shock – Impella vs. Rescue ECMO – ongoing

• ECPR
• ARREST RCT (30 patients) – positive results
• Prague OHCA study (mixed results) 
• Metaanalysis of both to be presented at RESS AHA November 2022
• Inception to be published

• Unloading

• Translational research



ECMO in ARDS









Cardiogenic shock – cardiac arrest



Devices work…but how to prove it?








Eur Heart J, Volume 40, Issue 32, 21 August 2019, Pages 2671–2683, https://doi.org/10.1093/eurheartj/ehz363

The content of this slide may be subject to copyright: please see the slide notes for details.

CS trials past and ongoing

+ + +/-

https://doi.org/10.1093/eurheartj/ehz363
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Considerations on use of mechanical 
circulatory support for MODS prevention 
and therapy

https://doi.org/10.1093/eurheartj/ehz363


Appropriate CS population?

Appropriate CS device?



SCAI definition 2019





These data indicate that the Impella 2.5VR and CPVR might not be sufficient in profound cardiogenic shock.



ECMO CS trial









ASAIO J. 2019 Nov/Dec;65(8):819-826.
Improving Outcomes in INTERMACS Category 1 Patients with
Pre-LVAD, Awake Venous-Arterial Extracorporeal Membrane
Oxygenation Support.
Mori M et al. 

N=23

19 z 83 pacientů pro durable LVAD





ECPR



Extracorporal CPR
• continuation in CPR using mechanical circulatory

support
• VA-ECMO – other devices?

Bělohlávek et al. Interv Acute Cardiol 2010; 9(3): 121–128

IVC







Provided informed consent

CPR for 72 mins



BartosJA….Yannopoulus D et al. Circulation 2020

When the brain/patient
can still recover?









JAMA, in press, Feb 22, 2022
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Belohlavek J. et al., J Transl Med, 2012

Transport – 26 (19-33) mins

Admission 49 (44-60) mins
Time to ECLS 61 (44-60) mins

Belohlavek J. et al., JAMA, Feb 22, 2022

12 mins cannulation

Telephone bystander CPR
3 (2-5) mins



Results 10% presumed



Subgroup
analysis



Survival related to time of CPR

4 of 6 survivors
In S arm were

actually crossovers to 
Invasive arm



Prague OHCA and ARREST comparison
Prague OHCA ARREST

N of patients 256 30
Invasive arm/ECPR 124 15
Age (years) 58.5 59
Male 82% 93%
Bystander CPR 99% 87%
Rhythm All VF

VF 58% 100%
Randomization On the scene ER - on admission
Time to rando (min) 25 49
Transport time (min) 26 19
Time to ROSC/ECMO (min) 58 59
Survival (180 days) 31.5% 43%
Survival VF (180 days) 49% 43%
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Question: Does an invasive approach (intra-arrest transport, in-hospital extracorporeal cardiopulmonary resuscitation, and early invasive management) improve outcomes for refractory out-of-hospital cardiac arrest, 
compared to continued standard advanced cardiac life support?

Findings In this individual patient data meta-analysis of two randomized trials of 286 patients with refractory out-of-hospital cardiac arrest, neurologically favorable outcome at 6-months occurred in 32.4% patients 
in the invasive and 19.7% in the standard arm, a difference that was statistically significant. 

Meaning An invasive approach demonstrated statistically significant improvement in neurologically favorable survival in 180 days in patients with refractory out-of-hospital cardiac arrest of presumed cardiac 
cause. 

Introduction/Importance
Refractory out of hospital cardiac arrest (OHCA) has dismal outcome. Whether intraarrest transport, in-hospital extracorporeal cardiopulmonary resuscitation (ECPR) and immediate invasive management improves outcome remains 
uncertain. 

Purpose
To assess the effect of intraarrest transport, in-hospital ECPR and immediate coronary angiography +/- percutaneous intervention (invasive approach) compared to continued standard advanced cardiac life support on neurologically favorable 
survival in refractory OHCA of presumed cardiac cause.

Methods
An individual patient data meta-analysis of two randomized controlled trials (RCTs, ARREST and Prague OHCA study). The primary outcome was 180-day survival with favorable neurological outcome defined as cerebral performance 
category 1 or 2. Secondary outcomes included 30-days favorable neurological outcome and cardiac recovery (no need for mechanical and/or pharmacological support for at least 24 hours). Analysis was by intention-to-treat.

Conclusions and Relevance 
In this meta-analysis of individual patient data, the invasive approach demonstrated significant improvement in neurologically favorable survival at 180 days in patients with refractory out-of-hospital cardiac arrest of 
presumed cardiac cause. 

Results 
The two RCTs enrolled 286 patients, 147 in the standard and 139 in the invasive arm, the median age 57 (IQR 47.3-65) and 58 (IQR 48-66) years, and 82 and 84% were males, respectively. The median duration of resuscitation was 49 (IQR 
33-71) and 58 (IQR 43-69) minutes  (p=0.17), in the standard and invasive arms, respectively. In an intention to treat analysis, 29 (19.7%) in the standard and 45 (32.4%) patients in the invasive arm survived to 180 days with a good 
neurological outcome (OR: 1.95 [95% CI 1.14-3.34]; p=0.016). At 30 days 24 (16.3 %) and 44 (31.7 %) patients (OR: 2.37 [95% CI 1.35-4.18]; p=0.003) had favorable neurological outcome,  and 46 (31.3 %) and 60 (43.2 %) patients (OR: 
1.67 [95% CI 1.03-2.71]; p=0.04) had cardiac recovery, in the standard and invasive arms, respectively. Patients in the invasive arm had worse metabolic status on admission and suffered more bleeding complications. 

Demographic and 
baseline data Invasive (N = 139) Standard (N = 147) P value 

Age (years) 58 (48-66) 57 (47.3-65) 0.58 
Sex    
     Women 23 (16.5 %) 26 (17.7 %) 0.88      Men 116 (83.5 %) 121 (82.3 %) 
Medical history    
     Hypertension  49 (39.8 %) 47 (48 %) 0.27 
     Coronary artery disease 19 (16 %) 21 (21.4 %) 0.38 
     Chronic heart failure 12 (9.9 %) 5 (5.3 %) 0.31 
     Diabetes 22 (18.5 %) 20 (20.4 %) 0.73 
     Chronic kidney disease 3 (2.5 %) 4 (4.3 %) 0.7 
     COPD 9 (7.5 %) 3 (3.2 %) 0.24 
     ICD implanted 3 (2.5 %) 0 (0.0 %) 0.26 
Location of cardiac arrest    
     Home 48 (34.5 %) 41 (27.9 %) 

0.41 

     Public place 52 (37.4 %) 61 (41.5 %) 
     EMS 19 (13.7 %) 17 (11.6 %) 
     Health facility 2 (1.4 %) 1 (0.7 %) 
     Car 8 (5.8 %) 7 (4.8 %) 
     Hotel 4 (2.9 %) 6 (4.1 %) 
     Workplace 5 (3.6 %) 14 (9.5 %) 
Initial rhythm    
     VF 87 (62.6 %) 99 (67.3 %) 

0.44      Asystole 31 (22.3 %) 24 (16.3 %) 
     PEA 21 (15.1 %) 24 (16.3 %) 
Bystander CPR 137 (98.6 %) 143 (97.3 %) 0.68 
Time from collapse to 
EMS arrival (min) 8 (7–10.3) 9 (6–11) 0.63 

Time from collapse to 
randomization (Prague) 

 

24 (21-30) 26 (20-35) 0.17 

Time from collapse to 
randomization (ARREST) 

 

52.5 (42-60.5) 58 (44-66) 0.57 

Number of epinephrine 
doses prehospitally (mg) 4 (2-5) 5 (2.3-7) 0.003 

Number of defibrillations 
prehospitally  4 (3-6) 4 (2-7) 0.97 

Intermittent ROSC 41 (29.5 %) 45 (34.1 %) 0.7 
 
 
 
 

 
  

 

Procedural characteristics Invasive (N = 139) Standard (N = 147) P value 

Admitted to hospital 138 (99.3 %) 102 (69.4 %) < 0.0000001 
Time to hospital admission 
(min) 49 (44-60) 59 (49-68.3) < 0.0001 

Declared dead 13 (9.4 %) 78 (53.1 %) < 0.0001 
Prehospitally 1 (7.7 %) 46 (59.0 %) 0.0006 Within 1 hour from admission 12 (92.3 %) 32 (41.0 %) 
Time of CPR (time to 
death/ROSC or ECLS) (min) 58 (43.2-68.5) 49 (33-71) 0.17 

Time of CPR subgroups    
    < 30 min 14 (10.7 %) 26 (18.3 %) 

0.02     ≥ 30 and < 45 min 20 (15.3 %) 33 (23.2 %) 
    ≥ 45 min 97 (74.0 %) 83 (58.5 %) 
Sustained ROSC on admission 34 (24.5 %) 59 (40.1 %) 0.005 
    
TTM used 129 (93.5 %) 63 (61.8 %) <0.0001 
    
ECLS    
     ECLS implanted 94 (68.6 %) 10 (6.8 %) < 0.0001 
     Time to ECLS (min) 61 (55-70) 62 (51-73) 0.9 
     Time of implantation (door 
to 
     ECLS) (min) 

12 (9-15) 15.5 (11-17) 0.055 

    
Invasive assessment    
     Coronary angiography  128 (94.1 %) 68 (81.9 %) 0.006 
Emergency invasive 
interventions    

  PCI (both for ACS and CAD)    
     Successful 62 (91.2 %) 26 (81.2 %) 0.19 
     Unsuccessful 6 (8.8 %) 6 (18.8 %) 
    
Laboratory values on 
admission    

     pH 6.94 (6.8-7.1) 7.03 (6.9-7.2) 0.003 
     pH ≤ 6.85 and CPC 1+2 9 (6.5 %) 1 (1.1 %) 0.05 
     pH ≤ 6.80 and CPC 1+2 4 (2.9 %) 1 (1.1 %) 0.65 
     Lactate (mmol/L) 12.4 (9.4-15.9) 10.2 (7.6-13.5) 0.006 
   

   
  

 
 

 

 

              

 

         
       

             
              
            

Outcomes Invasive (N = 124) Standard (N = 132) P value 

Primary outcome    
   Survival with CPC at 180 days    
       1 or 2 45 (32.4 %) 29 (19.7 %) 0.015        ≥3 94 (67.6 %) 118 (80.3 %) 
Secondary outcomes    
   Survival with CPC at 30 days    
       1 or 2 44 (31.7 %) 24 (16.3 %) 0.003        ≥3 95 (68.3 %) 123 (83.7 %) 
   Cardiac recovery at 30 days    
         Yes   60 (43.2 %) 46 (31.3 %) 0.04          No 79 (56.8 %) 101 (68.7 %) 

 



Intrarrest Transport, Extracorporeal Cardiopulmonary Resuscitation and Early Invasive 
Management in Refractory Out-of-hospital Cardiac Arrest. 

An Individual Patient Data Meta-analysis.
Jan Belohlavek, MD, PhD1*, Demetris Yannopoulos2*, Jana Smalcova, MD1, Daniel Rob, MD1; Jason Bartos2, Michal Huptych, PhD3; Petra Kavalkova, PhD1, Brian Grunau MD, MHSc4, Fabio Silvio Taccone5

12nd Dept. of Medicine - Department of Cardiovascular Medicine, First Faculty of Medicine, Charles University in Prague and General University Hospital in Prague, U Nemocnice 2, Prague 2, 128 00, 2Center for Resuscitation Medicine, 

University of Minnesota Medical School, Minneapolis, MN, USA, 3Czech Institute of Informatics, Robotics and Cybernetics (CIIRC), Czech Technical University in Prague, Czech Republic, 4Dept. of Emergency Medicine, St Paul´s 

Hospital, and University of British Columbia, 1081 Burrard St, Vancouver, BC, Canada, 5Dept. of Intensive Care, Université Libre de Bruxelles (ULB), Route de Lennik 808, 1070 Brussels, Belgium. *equally contributing



Intrarrest Transport, Extracorporeal Cardiopulmonary Resuscitation and Early Invasive 
Management in Refractory Out-of-hospital Cardiac Arrest. 

An Individual Patient Data Meta-analysis.
Jan Belohlavek, MD, PhD1*, Demetris Yannopoulos2*, Jana Smalcova, MD1, Daniel Rob, MD1; Jason Bartos2, Michal Huptych, PhD3; Petra Kavalkova, PhD1, Brian Grunau MD, MHSc4, Fabio Silvio Taccone5

Outcomes Invasive (N = 124) Standard (N = 132) P value 

Primary outcome    
   Survival with CPC at 180 days    
       1 or 2 45 (32.4 %) 29 (19.7 %) 0.015        ≥3 94 (67.6 %) 118 (80.3 %) 
Secondary outcomes    
   Survival with CPC at 30 days    
       1 or 2 44 (31.7 %) 24 (16.3 %) 0.003        ≥3 95 (68.3 %) 123 (83.7 %) 
   Cardiac recovery at 30 days    
         Yes   60 (43.2 %) 46 (31.3 %) 0.04          No 79 (56.8 %) 101 (68.7 %) 

 



In this secondary analysis of the randomized r-OHCA
trial, ECPR was associated with improved 180-day survival
in patients without prehospital ROSC. 
Initial shockable rhythm, younger age and shorter time of 
resuscitation were all associated with better 180-day survival
in r-OHCA. 
Majority of r-OHCA survivors treated by ECPR had good 
neurological outcome at 180 days.



ECPR should become a standard 
of care for selected patients with

refractory cardiac arrest





Unloading



B. Schrage…D. Westermann, Circulation 2020

668 patients, propensity matching registry study



B. Schrage…D. Westermann, Circulation 2020

Early (within 2 hours) vs. Delayed unloading



Translational research







Experimental lab
Dept. of Physiology, 1st Medical School, Charles University in Prague



Lessons learned:
- randomized
- robust and clinically relevant

design
- power analysis
- pilot training
- Reproducible measurements

used
- Advanced data integration



DATA Integration



Seminars in Thoracic and Cardiovascular Surgery, 2020

-35% -10%

-55%

-31%





LV Unloading Compared - Results

Method O.D. Flow LV work 
reduction

Notes

LV pump
(Impella)

14 F ~ 3.5 LPM ~35% Most powerful

Atrial 
Septostomy

9mm ~ 22 % Preferred in Ao
regurgitation

PA Venting 19 F ~ 1.7 LPM ~10% Preferred in RV 
overload/PAH

Meani..Belohlavek et al 2020, Seminars in Thoracic & Cardiovascular Surgery 33 (3)
Mlcek..Belohlavek et al 2021, JACC: Cardiovascular Interventions 14 (24)

https://www.sciencedirect.com/journal/jacc-cardiovascular-interventions
https://www.sciencedirect.com/journal/jacc-cardiovascular-interventions/vol/14/issue/24
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