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NO DISCLOSURES

** Will be discussing off  label 
use of  devices**
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OUTLINE

• Trends in MCS usage in pediatric patients
• Specific devices and their indications
• Specific pediatric indications and strategies
• BiVAD support
• Single ventricle VAD support
• Hybrid VAD
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WHY DISCUSS MCS?
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WHAT ARE PEOPLE USING?
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WHAT ARE PEOPLE USING?

2005-
2009 

(n=280)

2010-2014 
(n=493)

2015-2019 
(n=493) P-value

Paracorporeal Continuous-
flow (n, %) 14 (5%) 38 (8%) 67 (14%) <0.001

Paracorporeal Pulsatile-flow 
(n, %) 206 (74%) 298 (60%) 179 (36%) <0.001

Intracorporeal Continuous-
flow (n, %) 36 (13%) 145 (29%) 243 (49%) <0.001

Intracorporeal Pulsatile-flow
(n, %) 24 (9%) 12 (2%) 4 (1%) <0.001
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WHY ARE THEY USING THEM?

Risk Factor Time of Listing Time of Transplant P-value

Inotrope Use (%) 48% 33% <0.001

Ventilator Dependence (%) 24% 17% <0.001

Renal Dysfunction (%) 15% 12% 0.007

Functional Status >50% (%) 36% 50% <0.001
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WHAT ABOUT ECMO?

• Gold standard for rescue therapy, resuscitation, failure to wean, etc
• Quick and easy initiation of support (usually!)
• Provides cardiac and respiratory support
• Historically was the only MCS option in pediatric patients
• But how is it as a bridge to transplant?
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ECMO: BRIDGE TO NOWHERE?

Circulation 2009
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ECMO: BRIDGE TO NOWHERE?

Circulation 2011
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BUT ARE VADS BETTER?

Ann Thorac Surg 2016;101:2321-8



22CME0420/PPT/01-23

ECMO + VAD = BAD

ISHLT data 
registry from 
2005 to 2017
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VADS ON VADS ON VADS
Berlin Heart

Heartware HVAD

Heartmate 3

Total Artificial Heart (Syncardia)
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IMPELLA

• Percutaneous, catheter based, 
impeller

• Multiple sizes
• R sided support possible (not 

approved in BSA<1.5)
• >5L flow possible
• Hemolysis with smaller pumps
• Vessel size determines pump size
• Must consider vascular anatomy
• Weeks to months of support 

depending on device
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IMPELLA AS VENT

• ECMO + heart failure increases afterload 
• Many possible venting strategies
• Vent is cannula size dependent
• Septostomy unloads but doesn’t allow ejection, 

which can increase venous HTN
• Impella provides superior unloading without 

additional surgical procedures or septostomy



22CME0420/PPT/01-23

IMPELLA IN ACTION



22CME0420/PPT/01-23

BERLIN HEART

• Extracorporeal
• Pulsatile
• Various cannula and pump sizes
• BW 2.5kg to adult size
• Easily changeable
• BIVAD relatively easy
• Can increase size as patient grows
• Non dischargeable
• Stroke risk
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BERLIN HEART

BHS group (pre-approval study): 2004-2017
PSS group (post approval): 2018-2020

JHLT 2021



22CME0420/PPT/01-23

ROTAFLO/CENTRIMAG

• Paracorporeal, nonpulsatile
• Simpler, higher flows achievable
• Can splice in an oxygenator
• Works with a variety of cannulae
• Easy to change
• More peripheral/less invasive cannulation possible.
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HEARTMATE 3

• Intracorporeal
• Continuous flow
• Fully levitated
• Intrinsic pulsatility
• Relatively large device size (>20kg, smallest 

BSA implanted was 0.76)
• BiVAD difficult in children (But not 

impossible)
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IN MEMORIUM: HEARTWARE

• Smaller size
• Smallest implant was 10kg
• Higher stroke rate
• No longer on the market
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SPECIFIC CHALLENGES IN PEDIATRICS

• Device size
• Variable native and surgical anatomy
• RVAD, LVAD and BIVAD 
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SPECIAL CANNULATION TECHNIQUES

• Atrial cannulation for small ventricles (HCM, restrictive CM)
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SPECIAL CANNULATION TECHNIQUES

• Use of interposition graft from outflow cannula to decrease compression
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HEARTMATE III BIVAD TECHNIQUE
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SINGLE VENTRICLE VAD CHALLENGES
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SINGLE VENTRICLE VAD CHALLENGES
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SINGLE VENTRICLE VAD CHALLENGES



22CME0420/PPT/01-23

STAGE 1 VAD
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HYBRID STAGE ONE VAD CANNULATION
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STAGE 2 VAD
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STAGE 3 VAD
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IN SUMMARY

• ECMO: great for rescue, cardiopulmonary support, suboptimal long term strategy, 
avoid in BTT

• Intracorporeal: The best for long term, but size concerns, possible role for DT in 
pediatric patients, difficult to change if there are problems, persistent infection issues

• Paracorporeal: Greatest size range, best option for infants and small children, can be 
changed easily, nondischargeable, stroke risk

• Transcatheter: Less invasive, moderate term support as standalone device, 
biventricular possibility, excellent ECMO adjunct, nondischargeable

• While outcomes have improved in CHD VAD patients, especially in SV patients, 
better devices and approaches are needed
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THANK YOU!

Questions?


