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• Ischaemic causes – systolic function

• Non-ischaemic aetiologies – systolic function – CMP, TTS, myocarditis

• Diastolic dysfunction (HFpEF) including arrhythmia triggered

• Right ventricular causes including PE, PH

• Severe valvular disease – MR, AS, IE

• Left ventricular outflow tract obstruction

• Refractory forms requiring ECLS



CS: Male 62 years (PE)



RV physiology

• Thin-walled ventricle 

• Wraps around LV

• Peristaltic contraction with fractional shortening including of the RVOT (infundibulum) 

• 25% of contraction generated by LV 

• Lower myocard. mass 

perfused 2/3 RCA, 1/3 LCA

• RV perfused in both systolic 

and diastolic phases               

(unlike LV)

• Reduced isovolemic phases    

(x LV)

• Tei RV up to 0.25-0.28

• Sensitive to afterload: 30-50% 

reserve in PA circulation

• Acute PE vs acute-on-chronic

• Underneath signs of CCP 



• Metaanalysis of 
9233 patients until 
2023



RV: Importance of RV coupling with PA pressures and PVR
• RV Ees /Ea 1.5-2 (x LV 0.9-1), RV-PA coupling: TAPSE/PAPs >0.63- 0.47 mm/mmHg

• RV-PA uncoupling: TAPSE/PAPs …… ≤0.4 mm/mmHg

• Must interpret RV-RA in context of pulmonary circulation and inflow:

• PA pressures - afterload

• IVC/SVC - preload

• Increments of VA-ECMO flow



Key role of echocardiography
• Complexity of RV assessment: integrate multiple 

parameters of inflow, contractility and outflow

• Lack of experience in assessment can lead to 

• RV failure and CS – typically after rapid volume 
expansion on aggressive IPPV

• Uncertainty and therapeutic overkill with 
arrhythmogenic inotropes – do they know to 
turn exclusively to RV? ☺

• Low agreement particularly for

• Fractional area change of the RV free wall

• Paradoxical septal motion

73 raters (5 countries) of three 
levels vs 115 echo loops 



PE-CS: hypotension or volume corrected SV/CI ?  
• Stage of shock ? 

• Duration „in shock“ ?  

• Impact on reperfusion injury

• Are „hypotension, clammy 
extremities and lactate“ 
enough for diagnosis ?

• Or, rather, TTE/TEE with 
volume corrected SV/CO/CI ?   

Stage E …….mortality ≥ 50%



• Strongest predictor of PE outcome is 
hypotension…..but…..

• Intermediate-high-risk PE can have normal BP

• CI≤ 2.2 l/min.m2 and normal BP in 34.1%

• CI normalized in only 30.5% others progress to 
stage E1-3 (SCAI D-E)



• Heparins only ?

• Systemic thrombolysis ? 

• Catheter-based thrombolysis ?

• Mechanical thrombectomy ?

• Surgical thrombectomy ?

• ECMO first ? 

• …..imaging modalities ? 

• …..risk of bleeding ?

• …..underlying disease ?



Benefits of PERT program

• GUH: Whatsapp group

• Cardiology – Intensive Care –
Surgery

• 24/7 transfer of images and 
information –

• On average 1-2 activations/week

AHA recommendations:

• PERT reduces time to therapy

• PERT improves allocation of 
resources

• PERT shortens LOS

• PERT reduces numbers of IVC filters

• PERT improves outcomes (?)



PE: what helps
• Heparin or LMWH: 

• UFH (obese, AKI): APTT 55-70s

• LMWH i.v. (HITTS prevention): antiXa 0.6-0.8

• Continuing anticoagulation for 3-m  

• Warfarin: INR 2-3

• dabigatran, rivaroxaban, apixaban (RE-MEDY, RECOVER, EINSTEIN-PE, AMPLIFY….): safer option

• Thrombolysis: Stage C-E mortality RR 0.2, at 7 days with little difference to heparin (PIOPED II)

• Systemic, limitations by thrombus selectivity 

• Catheter administered to PA – cont low dosage with reduced risk of bleeding

• Surgical embolectomy – in visible large thrombi on TTE/TEE and Stage C-E (?)

• Mechanical thrombectomy in Stage C-E (?) and risk ob bleeding



Surgical embolectomy

• In shock with mobile visible 
thrombi 

• Thrombi in IA septum 

• Unsuccesful thrombolysis – 
thrombus selectivity ? 

• Trendelenburg operation

• Mortality< 6% in experienced 
centres (Leacche M, J Thorac 
Cardiovasc Surg 2005)
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OHCA, woman 58y…
Trendenburg op. after failed thrombolysis
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INARI flow retrieval
• INARI 16-20-24 F, fem./jug. Approach – sheath 24F 

• No thrombolysis related bleeding

• RV and PH recovery

• Flame study: <10% mortality

• Flash, Flame registries 



Penumbra Lightning
• 12-16 F, PC assisted vacuum -100 kPa, 16F 

sheath fem

• effect in smaller calibre pulmonary vessels 

• No thrombolysis associated bleeding

• RV recovery

• Extract-PE, Strike-PE studies

• Designed for peripheral thrombectomy 



PERT activation: Ovarian carcinoma, 51 years 
• Cardiogenic shock, massive PE

• INARI retrieval of tumour+thrombus (DVT)

• Discharged home after 10 days, continues chemotherapy



PERT activation: OHCA 6 weeks after spinal 
surgery, woman 54 years
• intermittent ROSC, INARI retrieval 

• Extubated after 3 days

• Discharged after 2 weeks



PERT activation: CS, 41 years, extreme BMI  

With permission

• IHCA for CS (PE)

• 235 cm, 240 kg, BMI 44

• Cannulated at 2nd  
unsuccesful TL 

• VA ECMO FF 29F-23F, 
prograde 7F

• FlowTriever on VA-ECMO



MT – pros and limits 

• 492 PE on VA-ECMO, 69% CA, 28% mechanical reperfusion. 

• 137 vs 137 matching

• 90-day mortality 32% reperfusion vs 39% ECMO stand-alone: 

• HR 0.68 [95% CI, 0.45-1.03], p=0.07

• Early mechanical reperfusion improved ECMO weaning 

without prior TL (HR 1.56 [95% CI, 1.03-2.36]; P = .04) 



Take home messages
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• PERT helps 

• ACCE is mandatory

• Diagnosis of PE is possible without CT angio

• Imaging outperforms biomarkers (….time and expenses)

• Thrombolysis buys time for safe dissolution with long-time
heparins

• Mechanical thrombectomy prevents bleeding risk…..and 
sternotomy ☺

• Costs ~10.000 Eur per procedure

• So far no data on ensuing peripheral CTEPH (III)

• Trendelenburg and PEA for acute-on-chronic resistant to 
thrombolysis – ideally in PH centres with skilled surgeons 



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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