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RotaFlow

Temporary VAD

Supports neonate to adult
Centrifugal pump
Extra-corporeal 4
Polycarbonate material
50 mm Iin diameter
Priming volume: 32 ml

Flow rate 0-10 I/min




RotaFlow

Levitated in 3 magnetic fields with one point bearing
Produces laminar flow immediately

Thus minimal wear
Combination of mechanical & magnetic bearing Y
reduces mechanical friction & damage to blood




Levitronix® PediMag

Pediatric specific pump

Not Magnetically Driven
l.e. BioMedicus:; RotaFlow

Magnetically levitated "
No wearing parts

Large gaps for blood to wash
the impeller & pump surfaces

No point source of friction
Heat & blood damage



PediMag Pediatric
Clinical Experience
>650 Patients Supported Worldwide | 3 |

10 US centers

Applications:
ECMO 95 %

BVAD/ LVAD 5 % ¢

Often used for ECMO transport

Indications:
Cardiac 35 %
Pulmonary 60 %
Cardiopulmonary 5 %
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Tandem Heart

Temporary
Patients >40 kg

Centrifugal extra-corporeal
um

PEMP ’ \ E

Priming volume Y 10 cc

Flow 0-5L/min

No mechanical roller bearings

Hydrodynamic fluid bearing
supports the spinning rotor




Tandem Heart

Percutaneous cannulation
esp. helpful if multiple prior
sternotomies

Transseptal Cannula into
LA via Fem Vn L

Patients < 70 kg

~emoral art cut down
PTFE graft to Fem A
Pursestring in fem Vn
Avoids LE complications




HeartMate Il

7 Long-term

TPati ent 0s

|| Intra-corporeal device 4

1 Small, noiseless axial flow device ﬂ
r

|
VY
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7 Dominates the adult VAD market

I low morbidity esp TE rate



HeartMate Il

HMII was FDA approved
April 21, 2008

TCH is the only free standing |
pediatric hospital to use tffe HMII |

We have now successfully done
so 10 times (12yo -17yo)

Major advantage is the ease of
anticoagulation & low embolic rate



HeartMate Il

Another major advantage is that the system Is
completely wearable

Making rehab & patient mobility easy

Giving patients a sense of independence




HeartMate Il

the rain on his face, travel in a car,
visit a museum and inte
people. t's everyday stuff to most

We have recently started 2 e

orderad.

taking advantage of this 4\ g ' Dt oo e e

thought

Our 15t pt was discharged
October 19, 2009



Berlin Heart EXCOR® Pediatric

Paracorporeal VAD

Pulsatile flow

Bridge to transplant
% BSA <15

Mobile driving unit

Most commonly used
pediatric VAD
Throughout the World




Berlin Heart EXCOR®

Before EXCOR, no pediatric
long-term VADSs In the US

Only adult VADs placed in large

adolescents "
1st True pediatric VAD to gain
widespread use across USA

Began the era of Pediatric VAD =< &
support ‘

>
BCM D v
s Gl e Texas Children’s Hospital Texas HEART INSTITUTE



Berlin Heart EXCOR®

a air chambar
b driving tube connector

¢ triple-layer membrang

d blood chamber [de-airing mipple at back of pump)
e arrow mark: indicates blood flow direction

finflow stub

g outflow stub

h titanium connecter: cutflow stub = outflow cannula

| titanium connectoe: inflow stub = inflow cannula

60 ml blood pump, here with polyurethane leaflet valves



BH EXCOR® Pediatric VAD

Uni- and Bi- VAD
Variety of pump sizes & cannulae

Can support children of every age &
body size R







18 mo

9 kg

10 kg
44 kg
23 kg
13 kg

10 kg



TCH Experience Past 4 years

|
: q.ﬂ
26 Surwy_ed to Tx A Died*
2 Awalting Tx
100% survival in non CHD patients

(34 pts)

* Congenital heart patients

6

45 VAD_S 30 pts in past 2 yr
43 LVADs, 2BiVAD
13 Temporary
BTB & BTD

bri dgedYVYy
devi ceYH
BTR & BTD

5 Weaned to recovery

BTD

2 Died”

# Arrested pre-support, not transplant candidate
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Deaths (all adolescents)

Failing Fontan w/ PLE & renal insufficiency EXCOR®

End stage CHD s/p OHT chronic rejection EXCOR®

End Stage CHD s/p OHT, unremitting AB mediated
rejection EXCOR® 4

S/P ECMO &VAD, s/p Heart/Kidney Tx, presented
w/ Ml & renal faillure, ECMO CPR to HMII

Our results for VAD support in Tx & Fontan patients
have been inconsistent




Failing Fontan

Fastest C cohort presenting to congenital centers w/

CHF

VAD Tx for these patients have been inconsistent

Fontans fail at multipledevels
Coronary sinus hypertension, Chronic PEs, etc.

Rare that it is only the systemic ventricle that is failing

However, in these patients a systemic ventricular
assist device (SVAD) can be successful

V
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“Pedi atri c” Tot a
Syncardia

Volume of each ventricle 50 cc

Pts 10 yo & up (BSA > 0.9)

My use will be for chronically
failing OHT & Fontan pati&nts

Will begin using Freedom Driver
& 70cc this year

No more chronic failing grafts
w/LVADSs for me

May see 50cc in clinical use by
the end of 2011



RVAD almost never needed

At least for children,
Except severe cardiac graft rejection

Early decision to support

Avoid arresting heart to place VAD

Continuous uItrafiItrati(')qﬁ on CPB

Technical aspects of VAD placement

Avoid bleeding & thus post-op blood products
All L-T VAD pts have their chest closed
No re-explorations for post-op bleeding
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RVAD

You don’ t need a



Important for sites
VAD Team

Pediatric Heart Surgery

Pediatric Cardiology

Perfusion

Hematology Anticoagulation and Thrombosis team
Physical therapy

OR Team L
Nurses (CVICU, 15 Tower)
Social work

Transplant Team

Pediatric Infectious Disease

Pediatric Cardiac Anesthesiology

Center for Clinical and Outcomes Research
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Initial Multi-Center
North American Experience with The
Berlin Heart EXCOR® VAD

M. Patricia Massicotte, MD,;
Tilman Humpl, MD, PhD,, Mark W. Turrentine, MD,, James S. Tweddell, MD,; Gordon A. Cohen, MD,
PhD,; Robert Kroslowitz, BS, CCP, Eric J. Devaney, MD,, Charles E. Canter, MD,,, Francis Fynn-
Thompson, MD,,, Olaf Reinhartz, MD, , Michiaki Imamura, MD, PhD,, Nancy S. Ghanayem, MD,; Holger
Buchholz,MD, Sarah Furness, RN, Robert Mazor, MD,, Sanjiv K. Gandhi, MD,,, Charles D. Fraser, Jr.,
MD, -

a. Texas Childrendéds Hospital, Baylor Coll ege of Me
b. Childrends Hospital Boston, Harvard Medical Sch
c. Arkansas Childrendéds Hospital, University of Ark
d. Lucil e Packard Childrenbés Hospital at Stanford,
e. University of Alabama at Birmingham, Birmingham, AL;

f. Stollery Childrenbés Hospital, University of AIlD
g. The Hospital for Sick Children, University of Toronto, Toronto, ON, Canada;

h. Riley Hospital for Children, Indiana University School of Medicine, Indianapolis, IN;

i . Childrenb6s Hospital of Wi sconsin, Medical Colll e
] . Seattle Childrends Hospital, Uni versity of Wash
k. Berlin Heart, Inc., The Woodlands, TX;

| . C.S. Mott Childrendés Hospital, University of Mi
m. St . Louis Childrends Hospital, Washington Unive

Publications committee for IDE Trial & additional contributing authors



North American
Berlin Heart EXCOR Experience

May O7: IDE Trial starts

<2004 2005 2006 2007 2008 2009
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Cohort
June 2000 — May 2007, North America

Total Pre-IDE Experience

97 EXCOR® implantations
PAY) institutions

L E
Study Cohort

/3 EXCOR Implantations (75%)
17 institutions
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Demographics
55% (40) Female

Median Wt 1 11 kg (3.01 87.6 kgs)
< 8 kg 29%

Median Age 1 2, yrs (12d71 17.8 yrs)
<lyo 30% 22 pts
1-5yo 38% 28 pts
5-10yo 15% 11 pts
>10vyo 17% 12 pts
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Primary Cardiac Diagnosis

58% (42) dilated cardiomyopathy
26% (19) congenital heart disease
10% (7) mygbarditis

7% (5) other cardiomyopathies
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Pre-Implant Clinical Condition

52% (38) critical cardiogenic shock
Death < 24 hrs

45% (33) progressive decline
1% (1) stable but Inotrope dependant
1% (1) recurrent advanced heart failure

* 2007 INTERMACS Profile Status

Additionally

/3% (53) Ventilatory support
30% (22) ECMO as bridge to EXCOR®

B(M ’l‘
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Outcomes

Bridge to Transplant
70% (51)
Median support-1.6 mo (1d—-7.7 mo)
Bridge to Recovery
7% ©)
Median supportg- 3.1 mo (19d - 5.5 mo)
Mortality on device
23%  (17)
Death @ median 1.8 mo (0 —14.9 mo)
Successful Outcome
77%  (56)

BCM ;
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Competing Outcomes Analysis
at 6 Months Post-implant

Transplant
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Outcomes Analysis for LVAD Outcomes Analysis for BiVAD
1.0 : .

0.9

0.8 7 1% Transplant :

0.7 : 561% Transplant
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0.1 : . - 3% Alive (device in place)
: :5% Alive (device in place) : : 0% Explant (recovery)
0.0+ : 1 i — ] . .

6 9

Months after Device Implant

LVVAD survival 88% (37) v BiVAD survival 64% (20)
P =0.003




Predictors of Mortality

Multivariable

Hazard | Confidence | p value
Risk factors examined ratio interval

Age at implant (Younger age is RF) 0.59 |0.46-0.78| <.0001
Height (cm) (lower) 1 0.97 - 1.03 0.83
Weight (kg) (lower) 1.02 0.95-1.10 0.59
Body surface area (m2) (smaller) e 1.85 0.09 - 38.8 0.68
Female gender 0.65 | 0.21-2.08 0.46
White race 1.39 0.44 - 4.38 0.56
INTERMACS patient profile 1 — Cardiogenic Shock 0.65 0.24 -1.78 0.44
Ventilatory support 2.65 0.83-8.49 0.2
ECMO 0.97 0.35 - 2.69 0.95
Device type: BiVAD 4.61 1.67 -12.7 0.003
Congenital diagnosis 1.6 0.43 - 6.01 0.48




This study o
Much of t

Limitations

oes not address morbidity esp. stroke
ne data not entered & no adjudication

Will be ac

Not all patie

dressed by prospective study

nts in the pge-IDE cohort are included

Despite 2yrs of requesting, 12 institutions were

unable to
However,

enter their data
Berlin Inc. had a company database

of Just outcomes

Baylor College of Medicine

V
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Entire Pre-IDE Cohort

Berlin Heart, Inc. Reqistry

N = 97 patients
64% bridge to transplant
10% bridge totecovery
26% mortality while on device

/4% Positive Outcome of entire cohort compared to

/7% In study cohort of 73 patients

BCM ﬁ
Baylor College of Medicine

Texas Children’s Hospital Texas HEART INSTITUTE



Summary
EXCOR bridged to Tx or Recovery: 77%

Great results considering they represent these
l nsti tuti onso I niti al

Most had never put in a pediatric specific
VAD of any type o

We have shown that even with this lack of

experience, the EXCOR seems to be effective
at bridging patients

HOWEVER, we still do not know its safety
profile
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Berlin Heart EXCOR Pediatric
VAD IDE Trial

Berlin Heart FDA Trial

All centers may access the device

IDE centers IDE Centers Non IDE
Study patients Compassionate use @ Compassionate use

Arkansas Chil dreno6s HddRdey Hasptdl for Children

Chil drends Hospital Bsst.onoui s Chil dr e
Chil drends Hospital Sesatotllleery Chil drer
Childrends Hospital WiTexarssiChil dr enos
C. S. Mott Chil dr enods HbesHpspitaldor Sick Children
Luci l e Packard Chil dr ddABBrmikgbanp i t a |



Berlin Heart EXCOR Pediatric
VAD FDA Trial

FDA IDE Trial

| DE approval -

Cohort 1 (n=24) : Cohort 2
< 0.7 m?2 BSA > 0.7 &BSA .
Completed August 2009 Completed August 2010
Approval of a Continued Approval of a Continued
Access Protocol Access Protocol Submitted
BCM s
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Berlin Heart EXCOR Pediatric VAD

FDA Trial

HDE application for EXCOR® use in patients with
BSA < 0.7 m? (sizes 10, 25 & 30cc) submitted 7/10

HDE application for EXCOR ® use in patients with
BSA>0.7m? &<1.5 m2 (S|zes 30 & 50cc) being
compiled gt




Berlin Heart EXCOR Pediatric
VAD Trial

Critical outcomes being evaluated in the trial
Success as a bridge to Tx or recovery
Safety Profile of F'XCOR ® (Morbidity)
Neurological outcomes short & long-term

Optimal anti-coagulation

BCM ;
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Anticoagulation Protocol for the BERLIN EXCOR FDA Trial

Post op Anticoagulation
Critical Care

Day 1 po

g24h

REVE
Pre —op
labs

Day 1-2
po

Day 2 po

Day 4 po

Bleeding

—

No

N

HgB, INR, PTT, platelet count,
Fibrinogen, TEG®, AT IlI

Protein C,S, FVL, PTG

I N & platelets >20,000

Heparin infusion
See Table 1 Appendix 2
For dosing & monitoring

—

Dipyridamole
See Table 6 Appendix 2

For dosing & monitoring

ASA
See Table 7 Appendix 2
For dosing & monitoring

Hgb, INR, PTT,
Yes platelet count, Fibrinogen, TEG®

>10cc/kg/hr

Ao JE ¥

Replacement

as needed (see Section 1.2.3)

R/O Surgical bleeding

\

Resolution of bleeding

No bleeding
Stable

Normal platelet function (TEG)

Platelet Count > 40,000

{/

\

Chest tubes out
Platelet mapping

Shows <70%AA inhib

One of the
most important
lessons from
the trial will be
the
anticoagulation
of infants &
children w/
VADs & how
best to monitor
this




Future

| believe that the Berlin EXCOR © will almost certainly
be approved in the next year and will dominate the field
of Pediatric VADs for the following 5 to 7 years

However technology will advance & a better device will
appeatr.

B
This will happen faster for us b/c we benefit from the
advancements in adult VADs

Therefore, it is always important to be looking ahead

>
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New Devices
CirculLite® - Synergy Pocket Micro- Pump
First adult pilot trial: June 2007

Worl dos smal |l est

Continuous axial flow (up to
3lt/min)

In July 2009, received Smgall
Business Innovation
Research (SBIR) grant

To develop Synergy micro-

blood pump for children & 14 % 49 mm

Infants 25 grams
BCM s
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Conclusions 1

Number of children with pediatric heart failure is
growing significantly

No therapy exists presently to care for this ever
Increasing pediatric cohort

Industry & government ha\'ﬁé recognized this need & are
attempting to develop technology to treat this cohort

Pediatric VADs benefit from the adult VAD technological
advancements, allowing the pediatric field to mature
faster

>
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Conclusions 2

Presently, devices & patients do exist to create an
Independent robust pediatric VAD program that

supports children of all sizes &

appropriately with the best type of short or long term
device for their specific type of heart failure




THANK YOU
FOR YOUR
ATTENTION !




