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Congenital Heart Defects
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* Thousands born with significant
malformations of heart and vessels

e Must survive open-heart surgeries to correct
or “repair” anomalies

» Single ventricle physiology
* Noright ventricle

* Rightsided flow: two inputs, two
outputs

 One pump doing workload of two
pumps

* Fontan physiology — early decompensation to
congestive heart failure.

* Other than a heart transplant, few if any
therapeutic options exist.



BioCirc Research Lab at VCU
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* Research Objective: Develop therapeutic treatment options to
mechanically support adult and adolescent Fontan patients with heart
failure or as a clinical management strategy.

* Significance: Provide alternative support for bridge-to-transplant,
bridge-to-recovery, or bridge-to-surgical reconstruction

* Central Modality under Development:
* Intravascular Axial Flow Blood Pump



Cavopulmonary Assist Device
A - Cantilever design
i { f I \ T - Percutaneously-inserted
/ o . ,) ar - Axial flow pump
J\,- A\ - Magnets employed to

‘ s BN
W 5o f» _
levitate and rotate

Blood Flow y _Diffuser |
— / i -l S

Catheter




Development Methodology

Pump Design

Numerical Modeling (CFD)

Prediction of Blood Damage and Clotting
Optimization / Iterations

Prototype Testing

Hydraulic Performance

Laser Flow Measurements (PIV)
Mock Circulatory Loop

Animal Studies

Pump’s ability to support life
No clotting or blood damage
Implantability and operability
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From MR Imaging Data to Numerical Model....
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Cavopulmonary Physiology -
Introduce Pump

Four Different Patient-
Specific TCPC Models
with 1 Glenn
Configuration




Numerical Estimations: Fluid Stress
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Without Diffuser Blades







Axial Flow Pump with Protective Cage Designs
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Hydraulic Performance Evaluation
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Axial Flow Pump with Protective Cage Designs
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Axial Flow Pump with Protective Cage Designs
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Quantitative Comparison — Nondimensional Analysis

o CFD
¢ Diff (D)

Wo=-0.473(dp)? +0.240(d;)?
-0.077(dp) + 0.081

Werp = 0.110(dcep)? - 0.277(ceo)?
+0.050(dcep) + 0.074

Pressure Coefficient ()

0.3 04 0.5
Flow Coefficient (¢)

o No Diff (ND)
» Diff (D)

& 4 o  Wp=-0.473(¢o)* +0.240(dp)?
o -0.077(dp) +0.081

AX

Pressure Coefficient ()

Wio=-0.248(dnp)® + 0.204(yo )
-0.122(dy0) + 0.054

0.3 0.4
Flow Coefficient ()




m Measurable evaluation of blood cell into plasma
trauma caused by the pump

m ASTM Standards: F1841-97,
F1830-97

m Local dairy farm — fresh bovine
blood

m Hourly samples for centrifugation

Hemolysis Testing

Cell damage caused by blood pump
rupture and release hemoglobin

Separated plasma layer from red cells

Determined pfHb and normalized index of hemolysis (N.I. H) level
Operating point: 3000 RPM at 3.5 LPM
Repeated Experiments: n=6

Design objective: N.I.H <0.01 g/100L



Hemolysis Testing
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| Experiment | N.LH Value (g/100L) |
2 |  ooos4a |
3 | ooos9 |
4 | 00093 |

s | 00102 |
6 | 00099 |
__ Maximum | 00107 |

Plasmafree hemoglobin (mg/dL)




PIV Set-up with Pump in IVC

10. 14.200€
L






Axial Flow Pump for Acute Animal Studies

Shaft to cable

Shaft coupling




Axial Flow Pump for Acute Animal Studies

Parameter

1st Fontan
baseline

2nd Fontan
Baseline

3" Fontan —
pump fit

4th Fontan —
baseline

4th Fontan
with pump: 30-min.

Heart rate (bpm)

106

108

100

101

98.0

Systolic blood pressure (mmHg)

82.4

84.3

77.6

89.9

81.5

Diastolic blood pressure (mmHQg)

48.8

51.8

40.2

47.4

35.2

Pulmonary arterial pressure
(mmHgQ)

15.2

12.1

10.8

14.7

18.1

Left atrial pressure (mmHgQ)

6.3

5.2

4.1

5.4

5.9

Central venous pressure (mmHg)

Cardiac index (L/min/m?)

Oxygen Saturation (%)

Hematocrit (%)

pH

Pco, (MmHQ)

Po, (mmHQ)

HCO,- (mmol/L)

Base excess (mmol/L)




BioCirc Research Lab at VCU
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Figure 1. Staged surgical repair of
functional single ventricle. A. Stage-1
Norwood repair. B. Stage-2 Hemi-Fontan
repair. C. Stage-3 Fontan completion. SV,
single ventricle; PA, pulmonary artery; SVC,
superior vena cava; IVC, inferior vena cava



