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Right device for the 
right patient



why are you doing this?
what do you want to achieve?

“bridge to decision” (non-durable )

 “bridge to recovery” (non-durable and durable)

 “bridge to transplant” (non-durable and durable)

 “destination therapy” (durable)



when do we do it?

Refractory circulatory shock, on maximal medical therapy
resulting in organ hypoperfusion

Emergency

Semi-elective

Elective



“exit strategy” and treatment objectives 

before AMCS device use, which may include RV 
support as a bridge to recovery, a bridge to LVAD, 
biventricular VAD, a total artifcial heart, or a bridge 

to orthotopic heart transplantation. 



Short term support

IABP

ECMO

Impella

Univentricular/ Biventricular assist devices
TandemHeart
CentriMag
RotaFlow
Biomedicus 



IABP



IABP

Implantation ( cath lab, bedside by echo or 
CxR)
Synchronisation ( auto/ECG/Arterial waveform)
1:1
Anticoagulation : internal protocols
-UF Heparin ( APTT 60-80/Heparin anti Xa 
0.2-0.3)



ECMO
Peripheral VA ECMO

percutaneous
cutdown
reperfusion cannula

Central VA ECMO
VAV ECMO
VVA …



ECMO







Limb ischaemia
Femoral arterial cannulation

Prevention: check vessel size prior to cannula 
insertion
Monitoring/regular inspection and palpation of 
pulses/Doppler
INVOS monitoring (regional oxygen sat)



ECMO circuit complications

Clots in circuit ( turbin, oxygenator)
Air in circuit
Motor failure
Oxygenator failure
Tubing rupture (rare)
Blood loss from circuit ( faulty tap)
Hemolysis
Infection ( rare)



Impella CP®                       Impella 5.0®



Impella RP®



Impella®

Position
Anticoagulation: UF Heparin ( APTT 60-80, AntiXa 0.2-0.3)
Aortic regurgitation
Thrombosis
Haemolysis: LDH, Plasma Free Hb, Bil, D-dimers

Weaning Impella 
Gradual and continuous decrease in pump rate every 12h
Discontinuation when P1 tolerated at least for 2h
Echo: weaning trial  Ao VTI>12cm, LVEF >25%, Lat MV peak syst velocity>6cm/s at P1
Weaning trial every 24h
Impossible weaning >2weeks: long term support/transplant 



Uni/Biventricular assist devices

TandemHeart
CentriMag
RotaFlow
Biomedicus



CentriMag®



Protek Duo® cannula





Long term support

HVAD

Heartmate 3

Berlin Heart> EXCOR

AVAD

Total artificial Heart:  SynCardia



HVAD/Heartmate 3/AVAD



Berlin Heart/EXCOR



Total Artificial Heart



Harefield experience



which problems are we going to face?
 (general, device specific, and evolving)

Anticoagulation
Bleeding
Thrombosis

RV failure
Haemolysis
Device specific
Infection



Case 1

39 yo female
High BMI ( 36)
Recent diagnosis of DCM, likely postpartum ( normal coronaries)
Presented at local hospital (20/06/2017) on cardiogenic shock 

Echo: LV dilated, severely impaired, LVEF 10-15%, RV 
dilated and severely impaired

Started on inotropes: Dobutamine (5mcg/kg/min)
Initial improvement. 

Discussed with Harefield Hospital and transferred conventionally



Case 1

Right catheterisation study

Dobutamine 5mcg/kg/h Milrinone

PVR 4.07 3.49

PA 46/36/40 47/33/39

PCWP 31 27

TPG 9 12

CO 2.2 3.4

CI 1.08 1.68



Case 1

Dobutamine was changed to Milrinone 0.3 mcg/kg/min

Developed VT storm > transferred to ITU
Electrolytes replaced, Amiodarone

Already on Milrinone (0.3mcg/mk/min), Adrenaline commenced 
due to hypotension

Lactate rising, worsening metabolic acidosis and LFTs



Case 1

Discussed with patient 
Decision for awake peripheral VA ECMO

Performed in cath lab under fluoroscopy, USS guided 
percutaneous cannulation: 

25F multistage right femoral vein
17F arterial cannula left femoral artery ( no reperfusion 

cannula)

Started ECMO at 3.5lpm and inotropic support maintained



Leg perfusion pVA ECMO
Prevention: check vessel size prior to cannula insertion

Monitoring/regular inspection and palpation of pulses/Doppler

INVOS monitoring (regional oxygen sat)



Case 1

Awake, self ventilated
ECMO at 3.5lpm

Adrenaline 0.05mcg/kg/min
Milrinone 0.3mcg/kg/min

Intermittently stopped ejecting, aortic valve closed
Signs of pulmonary oedema with increased work of breathing
Inotropes increased ( milrinone 0.4mcg/kg/min, adrenaline 

0.15mcg/kg/min)
but
Intubated few hours later…



Pulmonary oedema



Case 1

MDT (Intensive Care, Cardiologist, Transplant surgeons)

-Heart Tx not an option as High BMI and High PVR
-Needs biventricular support, short term RVAD unlikely to 

work
-Needs implantable system to allow mobilisation, 

rehabilitation and weight loss
Therefore option is only realistically TAH SynCardia



Case 1

SynCardia implanted 27/06/2017

Needed VV ECMO post implant due to hypoxia secondary to pulmonary oedema

Renal failure post TAH implant ( >70% patients develop AKI) requiring RRT

30/06/2017:  VV ECMO explant ( 3 days of support) and tracheostomy performed
2 weeks to wean from ventilator and being mobile

15/07/2017:  Discharged to ward
Renal function recovered

Discharged home December 2017



Case 1

• Pulmonary oedema postimplantation

• Need of temporary VV ECMO support

• Bleeding: Correct coagulation post implant

• Frequently Chest scented post implant during first 24h

• UF Heparin: APTT 60-80/Anti Xa 0.2-0.3

• Aspirin early when bleeding complications resolved



Selwa

https://www.bbc.co.uk/news/av/uk-england-london-42755505/the-ilford-woman-who-carries-her-heart-in-a-rucksack

https://www.bbc.co.uk/news/av/uk-england-london-42755505/the-ilford-woman-who-carries-her-heart-in-a-rucksack


Case 2

50 yo male
Idiopathic DCM
08/06/2017: HVAD implanted bilateral thoracotomies 

and femoral CPB
Possible anaphylaxis when come off bypass
Admitted ITU
TOE post-implant: Reasonable RV function, moderate TR, 

Poor LV, Mild AR



Harefield recipe

1. Milrinone 0.2-0.5 
2. Adrenaline 
3. iNO at 20ppm 
4. Noradrenaline +/- Vasopressin  

Support the right ventricle!!



Case 2

Deterioration overnight

Hypotensive

Worsening metabolic acidosis

LVAD flow dropped to 1.5lpm



Hypotension LVAD
HVAD flow 1.5lpm

CVP 26



RV failure
• CVP 25

• Low LVAD Flow

• Hypotension

• Metabolic acidosis

• Echo showed severely dilated and impaired RV







RV Failure





Peripheral VA ECMO inserted



Case 2

Temporary solution as no flow on LVAD> high risk of 
thrombosis

Impella RP® placed a few hours after pVA ECMO

ECMO removed later on that day



HVAD
Impella RP
ICD
TOE
Drains
ET tube
CVC
Vas-cath



Impella RP removed 

Ongoing severe haemolysis…



Case 2

On Milrinone,adrenaline, sildenafil to facilitate iNO wean

16/08/2017: tracheostomy

Resp wean

23/08/2017: LVAD flow dropped…





TOE showed large left pleural effusion and pericardial 
collection 



Case 2

Cardiac tamponade and re-exploration in theatre

Improved since then
Heparin re-started 12h after re-exploration> Anti Xa 0.2-0.3

Wean off ventilator
Recovered renal function

Discharged to ward 





Thrombosis post-LVAD



Thrombosis

Sustained increase in LVAD power 
Signs of heart failure 

Cardiogenic shock 
Blood test: increasing LDH/plasma Free Hb 

Auscultation of pump 

 
Tea-colored urine: severe haemolysis 

– LDH >x3 upper limit 
– Plasma free Hb >40mg/dL ( >0.3) 
– Low Haptoglobin level



Harefield experience
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Thrombosis
  

1. CXR 
2. CT 
3. Echocardiography: dilated ventricle, severe MR, 

frequent aortic valve opening 

–“ECHO Test/ Ramp speed test”: Serial echocardiography 
recording of LV end-diastolic diameter (LVEDD) with increasing LVAD 
speed 
– If VAD thrombosis, LVEDD fails to decrease in response to 
increasing LVAD speed

Echo + LDH : specific and sensitive test for 
the dx of VAD thrombosis with flow 

obstruction



Thrombosis
If suspected VAD thrombosis not discharge or readmit to ITU, high 

possibility of rapid progression 
Treatment: 

• IV Unfractioned Heparin 
• Diuretics/inotropic support 
• Aspirin high dose 325mg/d 
• 2nd antiplatelet therapy (Tirofiban) 
• Thrombolytics:  Alteplase ( systemic, intraventricular) 
• Pump exchange

Reason to be moved into high-priority transplant 
waiting status, because of the increased mortality 

associated with this complication.



Conclusions 
VA ECMO 
Imperfect but viable option
Improvement in cannula design
Eliminate need for back flow cannulation (peripheral)
Less thrombotic risks/heparin
Technological solutions to:

minimise after load
increase/promote AV opening
minimise LV distension/minimally invasive LV venting 

strategies



Conclusions 
Improve durability of short term VADs 

?Impella/ access/position/haemolysis
More options for long term biventricular support
Long term RVAD 
Anticoagulation ?targets



Thank you



HVAD mortality ~5-7% at D60

BTT main indication

DT not funded by NHS > number will increase

Private LVAD increasing

Harefield experience



1.Assist in fluid management 
2.Diagnose cardiac tamponade 
3.Assess LV decompression 
4.Guide fixed speed selection 
5.Identify RV dysfunction 
6.Identify valvular pathology/ AV opening 
7.Diagnose “suction events”/volume status/collections 
8.Guide therapy 

TOE in Intensive Care



RV failure
When medical treatment fails…. 

Mechanical support 

The need for an RVAD is associated with worse outcomes, but elective implantation of an 

RVAD correlates with better long-term survival than does an emergency implantation. 

RVAD  implant  at  the  time  of  LVAD  implant  also  improves  survival  to  transplant 

compared with delayed RVAD insertion 





RV failure
PA catheter +/- TOE 

Goal CVP<15mmHg 

– CVP >15:  furosemide, RRT or decrease LVAD flow 
– CVP<10: fluid boluses 

Reduce PVR (avoid hypoxia, hypercarbia, and acidosis) 
RV dysfunction +/- high PVR: adrenaline, milrinone early  

- If high PVR (>3 Wood Units): pulmonary vasodilator (iNO, sildenafil, 
epoprostenol,iloprost) 
- If low SVR (<800 dyn/s/cm-5): inotropic support + vasopressors to 
increase perfusion of the RV (MAP-CVP)



Options

1. RVAD CentriMag (Levitronix) 
2. Percutaneous RVAD > Protek Duo® 

3. Impella RP® 

4. ECMO 
5. TAH 

Requirement of an RV assist device (RVAD) or >14 consecutive days 

of intravenous (IV) inotropic support, has an estimated prevalence of 

13% to 44% and is associated with significant morbidity and 

mortality



Anticoagulation

• Anticoagulation therapy is required 

• Starting anticoagulation too early is a common mistake 

• Adequate haemostasis should be achieved before anticoagulation is 
initiated 

• Modification of the anticoagulation regimen may be required in the face 
of bleeding.



Titrating Anticoagulation
-Unfractionated Heparin > infusion    APTT/Anti Xa every 6h 

-Aspirin > We titrate aspirin dose  

 Multiplate®platelet function analysis
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