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¶Historically, the pediatric population with 

congestive HF has been dwarfed by the 

corresponding adult population 

¶Therefore, before 2004, nearly all  

¶Published data  

¶Research  

¶Clinical experience 

¶Industry money 

¶Technical development  

Has focused on the adult VAD patient.  

LVADs: 

An Adult Dominated Field 



¶Result: 

¶Adult VADs are common therapy at HF centers 

¶Patients now who are refractory to output meds 
are brought in electively & have HMII placed 

¶Dr. John at the Univ of Minnesota 

¶Has a 97% operative survival & d/c pts at 2wks 

LVADs: 

An Adult Dominated Field 



Changing Times  

¶ Recently there has been a refocus of interest 

in mechanical circulatory support for children.  



Changing Demographics 

¶This change is perhaps to the 25% increase nationally 
in pediatric HF hospitalizations 
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¶This increase in pediatric HF is  

¶Not only CH patients 

¶Increasing recognition of pediatric cardiomyopathy 
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Changing Demographics 



Growing wave of children with  

end-stage heart failure 

How are we to address? 
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NOTE: This figure includes only the heart transplants that are reported to 

the ISHLT Transplant Registry.  As such, this should not be construed as 

evidence that the number of hearts transplanted worldwide has increased 

and/or decreased in recent years. 

2010 ISHLT 
J Heart Lung Transplant. 2010 Oct; 29 (10): 1083-1141  

Our present answer: 

Pediatric Heart Transplant 

¶However, there has been approx. 400-450 pediatric 

heart transplants per year for the past decade 

¶This is unlikely to change b/c of donor availability 



How About Transplant? 

¶There have been no signif advancements to change 

graft loss from chronic rejection since CYA in 1983 

¶This is why graft survival after the first year post-

transplant has not changed in over two decades 
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Growing wave of children with heart 

failure 

If not transplant than how are we 

to care for these children? 



Almost certainly thru technology 



Who has noticed? 

¶Industry 

¶6 yrs ago companies saw pediatric MCS as non-

profitable 

¶Now there is not one VAD company that does not 

have a pediatric initiative  

¶The device industry is smart 

¶This change in strategy & attitude is based on their 

due diligence demonstrating an emerging market 

 



Pediatric LVAD initiatives  

by Industry 10 yrs ago in the US 



Pediatric LVAD Initiatives NOW 

¶Pediatric pCAS (Ension) 

¶Pediatric pVAD (CardiacAssist) 

¶SynCardia TAH (50cc) 

¶PediVAS (Levitronix) 

¶Pediatric Impella  (ABIOMED) 

¶PedM-Pump (MC3) 

¶PediPump (Cleveland Clinic) 

¶Ultramag Pediatric VAS (Levitronix) 

¶PediaflowÊ Pediatric VAD (Univ. of Pittsburgh) 

¶Penn State Infant and Child-Size Pediatric VADs 

¶ Infant and Child-Size Jarvik 2000 VADs 

 

 



Who else has noticed? 

¶Government 

¶Recognizing that the US is not prepared to 

take care of all these children with HF   

¶NHLBI in 2001 issued an RFP for the 

development of a pediatric VAD 

¶The Pediatric Circulatory Support Program 

was established 

¶Tim Baldwin, Director 



Who else has noticed? 

¶Government 

¶The program awarded 5-year contracts 

¶Totaling 22.5 million dollars 

¶To 5 institutions/companies to develop 

pediatric VADs 

¶The final contractorsô meeting was held 

February 27, 2009 

¶Despite making progress, NONE of the 

devices are close to clinical application 



¶Oct 2008 NHLBI made a Request for Proposal 

¶This program has two parts 
 

 

 

 

 

 

 

 

 

 

 

Four 4-year contracts totaling $23.6M were 

awarded January 15, 2010.  
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2012 2013 2016 2014 2015 

Pre-IDE Submission 

HUD Designation Request 

IDE Application 

Device Developer 

Subcontracts out of the DCC 

IDE Approval (Contingent on FDA Decision) 

DCC Award 

PumpKIN Program 

Pumps for Kids, Infants, & Neonates 



Device  Size/Age  

Cardiac 

Output  

(l/min)  

Priming 

Volume  

(ml)  

Support 

Duration  

(months)  

O2 

delivery?  
Implantable?  

Pulsatile 

Flow?  

pCAS  
(Ension)  

2-12 kg  0.7-2.0  105  0.5*  V V 

PediPL 

(Levitronix- U of Md) 
3.5-25 kg  3.0 <100  1   V **  

PediaFlow  
(Pittsburgh)  

Neonates- 

2 Years  
0.3-1.5  0.5  6  V 

Jarvik Pediatric 2000  Infant-25 kg  0.25-4.0  1  120  V 

Program 
Neonates- 

25 kg 
0.25-4.0 

As little 

as 0.5 

As many 

as 120 
V V V 

       PumpKIN Program 

pCAS PediPL PediaFlow 
Jarvik Pediatric  

2000 



Pediatric Devices 

¶There is no doubt that the US governmentôs goal 

is to have a FDA approved pediatric VAD that the 

NIH has helped develop by decadeôs end 

especially for small children 

¶HOWEVER, the present devices in the NHLBI 

program are all still in the middle of animal trials & 

are at least 5 years away from clinical applications 

¶Though there is one device that is presently 

approved for children down to a BSA of 0.7 

 
 

 



Å Continuous, axial flow pump 

Å 95 Grams 

Å Flow rates:  10+ liters/minute 

Å Speed:  7,500 - 12,500 RPM 

Å Technology licensed from NASA 

  

 The DeBakey-Noon VAD ® Child 

Å Modification of the DeBakey-Noon  Adult VAD  

1st Intracorporeal VAD to receive FDA regulatory approval 

 

 



ÅInflow Cannula length          2.5cm vs 3.5cm 

ÅInflow tube angle                 140   vs 115  

ÅFlow Probe smaller              33% 

 

DeBakey VAD® 

       DeBakey VAD® Child 

ÅSmoother inlet flare  

ÅImproved Impellar 

washing to prevent 

thrombus 

Modifications of the 

DeBakey- Noon VAD 





Pediatric DeBakey VAD 

 # of Implants 

Adult VAD 

in Child 

 

Child VAD 

 

Total 

Europe 7 0 7 

U.S. 2  7* 9 

Total 9 7 16 

As of 9/22/06 

*As of 2/2007 

Fraser CD, et al. Preliminary experience with the MicroMed 

DeBakey Pediatric VAD. Semin Thorac Surg. 2006:109-14 



Pump Parameters 
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INR = 2.6-3.3 

Platelet count = 139-183 10^3/UL 

Power surge and Flow decrease represent thrombus formation 

Fraser CD, et al. Preliminary experience with the MicroMed 

DeBakey Pediatric VAD. Semin Thorac Surg. 2006:109-14 



VADs used at TCH in the Past 5yrs 

Short-term Support 

Biomedicus                               

Rotaflow                                    

Tandem Heart                           

Long-term Support 

Thoratec P-VAD 

Thoratec I-VAD 

Thoratec HeartMate II               

MicroMed DeBakey VAD           

Berlin Heart EXCOR                

Recently added devices: NovaLung and the Syncardia TAH 



Pediatric VAD Program 
¶ One of the most important issues for a program is  

¶WHEN to start considering MCS 

¶It is important to realize that this changes  

¶As your program matures 

¶As your results become more consistent 

¶As the devices available improve 

¶Example: 

¶13yo who is a candidate for HMII & can be discharged 

home  

¶2yo who is extubated tolerating feeds but stuck on Mil. 



Criteria for MCS at TCH 
 

¶ If patient has cardiac failure requiring an inotrope 

    AND 

¶ Failure of one other organ system: 

¶Respiratory: Intubation 

¶GI: Inability to tolerate enteral feeds, rising LFTs 

¶Renal: Rising creatinine 

¶Inability to get out of bed, fatigue limiting any activity 

¶Chronically requiring a second inotrope  

¶MV < 60% despite inotropes 

¶Neuro: Mental status changes 



MCS Protocol at TCH 

Yes 

e.g.  Arrest 

No 

ECMO VAD 

Acute Process 

e.g.   

Å Myocarditis 

Å Acute graft rejection 

Å Unknown Pt status 
Chronic Process 

e.g.  

Å Dilated Cardiomyopathy 

Å End-stage CHD 

Short-Term Device 

Å Rotaflow® (BSA < 1.3) 

ÅPediMag     (BSA < 1.3) 

Å �7�D�Q�G�H�P�+�H�D�U�W�Š�����%�6�$���•���������� 

Yes 

No 

Long-term device 

Å EXCOR® (BSA < 1.3) 

Å �+�H�D�U�W�0�D�W�H���,�,�Š�����%�6�$���•���������� 

Bridge to 

Decision 

Bridge to 

Bridge 

Bridge to 

Recovery 

Bridge to 

Transplant 

Bridge to Destination 

Destination Transplant Recovery 
Updated Jan,2011 

Children Requiring 

MCS 

Pulmonary Support 

Needed? 

Pulmonary 

Recovery 

< 2wks recovery 

expected?  

ASAP 


