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History

1977
1966 NHLBI made NHLBI awarded

DeBakey requests for 22.5 million dollars

did first proposals to develop grant to different
First VAD | successful LVAD and energy research facilities
implant VAD converters to control for development of
by Hall implant the device pediatric MCS

_ By 1994, Novacar LVAS®, HeartMate
National Program IP®, Abiomed BVS5000®, and the Thoratec f
Health became VAD® were FDA approved and were used request for

I 'nstitugypartof successfully in selected adult centers. proposal to
Artificial Heart NHLBI develop a
Program pediatric VAD

formed

1964

NHLBI made
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LVVADS:
An Adult Dominated Field

Historically, the pediatric population with
congestive HF has been dwarfed by the
corresponding adult population

Therefore, before 2‘904, nearly all
Published data
Research
Clinical experience
Industry money
Technical development
Has focused on the adult VAD patient.



LVVADS:
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

Improved Survival and Decreasing Incidence of

Adverse Events With the HeartMate II Left
Ventricular Assist Device as Bridge-to-Transplant

(Ann Thorac Surg 2008;86:1227-35)

Therapy @ 2008 by The Society of Thoracic Surgeons

Ranjit John, MD, Forum Kamdar, BS, Kenneth Liao, MD, Monica Colvin-Adams, MD,
Andrew Boyle, MD, and Lyle Joyce, MD

ADULT CARDIAC

Division of Cardiothoracic Surgery, Departmen}t of Surgery, and Division of Cardiology, University of Minnesota, Minneapolis,
Minnesota



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

Hospital Charges 2006]
$1.8 Billion
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Analysis of 15 million hospitalizations: HCUP Kids Inpatient Database

Data presented at the AHA 2009 annual meeting by Rossano et al.



Changing Demographics

This increase In pediatric HF Is
Not only CH patients
Increasing recognition of pediatric cardiomyopathy

O Congenital Heart Disease O Cardimyopathy
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Analysis of 15 million hospitalizations: HCUP Kids Inpatient Database

Data presented at the AHA 2009 annual meeting by Rossano et al.






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
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20 O NOTE: This figure includes only the heart transplants that are reported to
1 the ISHLT Transplant Registry. As such, this should not be construed as
evidence that the number of hearts transplanted worldwide has increased

J Heart Lung Transplant. 2010 Oct; 29 (10): 1083-1141 and/or decreased in recent years.




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

100
Log-rank p-value = %

—Early Era  0.026 al
70
60 Log-rank p-value = 0.94
50

40
N — Early Era

2 — Late Era

10

0
12 24 36 48 60 72 84 0 12 24 36 48 60 72

— Late Era

©
2
>
-
>
n
—
o
(0]
o
fut
O}
o

Percent Survival

Time from Operation (months) Time from Operation (months)
Overall Survival by Era Survival Conditional on 1-yr Survival

Morales DL, et al. Over Two Decades of Pediatric Heart Transplantation: How Has Survival Changed?
J Thorac Cardiovasc Surg. 2007 Mar;133(3):632-9.
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Almost certainly thru technology




Who has noticed?

Industry
6 yrs ago companies saw pediatric MCS as non-
profitable

Now there Is not one \(AD 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
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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) 4

PediPump (Cleveland Clinic)

Ultramag Pediatric VAS (Levitronix)

Pedi afl owE Pediatric VAD (U
Penn State Infant and Child-Size Pediatric VADs
Infant and Child-Size Jarvik 2000 VADs
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Who else has noticed?

Government

Recognizing that the US is not prepared to
take care of all these children with HF

NHLBI in 2001 issu¢d an RFP for the
development of a pediatric VAD

The Pediatric Circulatory Support Program
was established

Tim Baldwin, Director
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Who else has noticed?

Government
The program awarded 5-year contracts
Totaling 22.5 million dollars

To 5 institutions/cdimpanies to develop
pediatric VADs

The fi1 nal contractor
February 27, 2009

Despite making progress, NONE of the
devices are close to clinical application



PumpKIN Program
Pumps for Kids, Infants, & Neonates

Oct 2008 NHLBI made a Request for Proposal
This program has two parts

— Pre-IDE Submission

HUD Designation Request
[ IDE Application

{ lfIDEApprovaI (Contingent on FDA Decision)
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Four 4-year contracts totaling $23.6M were
awarded January 15, 2010.



= 0 Proqra ALs
Cardiac |Priming | Support :
Device Size/Age Output | Volume | Duration .02 Implantable? Pulsatile
. delivery? Flow?
(I/min) (ml) (months)
pPCAS i
(Ension) 2-12 kg 0.7-2.0 | 105 0.5 V V
PediPL e
(Levitronix- U of Md) fozole 5.0 <100 1 \'
PediaFlow Neonates-
Jarvik Pediatric 2000 | Infant-25 kg [0.25-4.0| /1 120 V
Neonates- As little | As many
Program 0.25-4.0
J 25 kg as 05| as 120 \4 v v
L\ @ .
1 NN | %«’ .
N - {
C —edla
DCA PedIP PediaFIlc




Pediatric Devices

Thereisno doubtt hat t he US gove
IS to have a FDA approved pediatric VAD that the

NIl H has hel ped devel op Db\
especially for small children

HOWEVER, the presemt 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
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The DeBakey-Noon VAD ® Child

Modification of the DeBakey-Noon Adult VAD
1st Intracorporeal VAD to receive FDA regulatory approval

Continuous, axial flow pump
@5 Grams

Flow rates: 10+ liters/minute

Speed: 7,500 - 12,500 RPM

Technology licensed from NASA
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Modifications of the
DeBakey- Noon VAD

Inflow Cannula length 2.5Cm vs 3.5cm
Inflow tube angle 140 vs 115 =

Flow Probe smaller 33%




TECHNOLOGY, INC
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Pediatric DeBakey VAD
# of Implants

Adult VAD
in Child Child VAD Total
Europe 7 9 O 7
U.S. 2 r* 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



Current (amps);Flow (L/min); Power (watts); Speed (kRPM)

Pump Parameters

o Current (amps) = Speed (kRPM) &~Fow (L/min) —<—Power (watts)

14.00 INR = 2.6-3.3
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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—ter?“i"iE Support

Thoratec P-VAD
Thoratec I-VAD
Thoratec HeartMate I
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 Iimportant to realize that this changes
As your program matures
As your results become gnore consistent
As the devices available improve

Example:

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

2y0o who Is extubated tolerating feeds but stuck on Mil.
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Criteria for MCS at TCH

If patient has cardiac failure requiring an inotrope
AND
Failure of one other organ system:
Respiratory: Intubation
Gl: Inabllity to tolerate gnteral 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
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MCS Protocol at TCH

Yes No
‘e.g. Arrest l
ECMO S — VAD
- ASAP l
Acute Process Yes
e.g.
AMyocarditis
AAcute graft rejection No | Chronic Process
AUnknown Pt status e.g.
ADilated Cardiomyopathy
A AEnd-stage CHD
Short-Term Device EEEE T Long-term device
ARotaflow® (BSA<13) 0, REyCOR® (BSA < 1.3)
foediMag  (BSA < 1.3) g[!éggt" A+HDUWODWH ,,5 %6$ -
0) °
A7D QGHP+HDUWS /0 Bridge to Bridge to Destination
J/ Bridge to Transplant
\% Recovery Y
Recovery Transplant Destination
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