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WHAT IS CLAIMED IS:

1. A testing apparatus for a prosthetic valve, the testing apparatus

comprising:

a flow channel having a first end portion and a second end portion, and
configured to hold a test fluid;

a retainer configured to hold the prosthetic valve within the flow channel;

a first fluid driver coupled to the first end portion of the flow channel and
configured to move to flow the test fluid through the prosthetic valve in an
outflow direction of the prosthetic valve, and configured to provide a
pressure of the test fluid on an inflow side of the prosthetic valve;

a second fluid driver coupled to the second end portion of the flow channel and
configured to move to flow the test fluid through the prosthetic valve in
the outflow direction of the prosthetic valve, and configured to provide a
pressure of the test fluid on an outflow side of the prosthetic valve; and

a controller configured to:
move the first fluid driver and the second fluid driver to flow the test fluid

through the prosthetic valve in the outflow direction of the
prosthetic valve when the prosthetic valve is in an open state,
operate the first fluid driver to provide a pressure profile of the test fluid
on the inflow side of the prosthetic valve when the prosthetic valve
1s in a closed state, and
operate the second fluid driver to provide a pressure profile of the test
fluid on the outflow side of the prosthetic valve when the prosthetic

valve 1s in the closed state.

2. The testing apparatus of claim 1, wherein the controller is configured to
identify a leakage of the prosthetic valve based on a movement of the first fluid driver or

the second fluid driver when the prosthetic valve is in the closed state.

3. The testing apparatus of claim 2, wherein the first fluid driver includes a
first position sensor and the second fluid driver includes a second position sensor, and
the controller is configured to identify the leakage of the prosthetic valve based on one or

more signals from the first position sensor or the second position sensor.

4, The testing apparatus of any of claims 1-3, wherein the controller is

configured to operate the second fluid driver to provide a back pressure profile of the test
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fluid on the outflow side of the prosthetic valve when the prosthetic valve is in the open

state.

5. The testing apparatus of claim 4, wherein the prosthetic valve is a
prosthetic heart valve, and the back pressure profile is configured to mimic a

physiological pressure profile of a heart.

6. The testing apparatus of claim 5, wherein the back pressure profile is

configured to mimic the physiological pressure profile of an aorta or of a ventricle.

7. The testing apparatus of any of claims 1-6, wherein the controller is
configured to move the first fluid driver and the second fluid driver to flow the test fluid
through the prosthetic valve based on a displacement model when the prosthetic valve is

in the open state.

8. The testing apparatus of claim 7, wherein the controller is configured to
move the second fluid driver based on a pressure model when the prosthetic valve is in

the open state.

9. The testing apparatus of any of claims 1-8, wherein the controller is
configured to operate the first fluid driver to provide the pressure profile of the test fluid

on the inflow side of the prosthetic valve based on one or more pressure targets.

10. The testing apparatus of any of claims 1-9, further comprising a pressure
sensor configured to measure a pressure of the test fluid on the inflow side of the

prosthetic valve.

11. The testing apparatus of claim 10, wherein the controller is configured to
operate the first fluid driver to provide the pressure profile of the test fluid on the inflow

side of the prosthetic valve based on feedback from the pressure sensor.

12. The testing apparatus of claim 10 or claim 11, wherein the pressure
sensor is a first pressure sensor, and the testing apparatus further comprises a second
pressure sensor configured to measure a pressure of the test fluid on the outflow side of
the prosthetic valve, and

the controller is configured to determine, based on measurements of the first

pressure sensor and the second pressure sensor, a pressure differential
between the test fluid on the inflow side and the test fluid on the outflow

side of the prosthetic valve when the prosthetic valve is in the open state.
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13. The testing apparatus of claim 12, wherein the controller is configured to
determine, based on measurements of the first pressure sensor and the second pressure
sensor, a period in which the pressure of the test fluid on the inflow side is greater than
the pressure of the test fluid on the outflow side, and is configured to determine a flow
through the prosthetic valve during the period based on a movement of the first fluid
driver, and is configured to determine an effective orifice area of the prosthetic valve
based on the flow and based on the pressure differential between the test fluid on the
inflow side and the test fluid on the outflow side of the prosthetic valve during the

period.

14. The testing apparatus of claim 13, wherein the controller is configured to

provide an output indicating the effective orifice area.

15. The testing apparatus of any of claims 12-14, wherein the controller is

configured to provide an output based on the pressure differential.

16. The testing apparatus of claim 15, wherein the controller is configured to

provide the output on a display screen.

17. The testing apparatus of claim 15 or claim 16, wherein the controller is

configured to provide the output on an indicator.

18. The testing apparatus of any of claims 15-17, wherein the output

indicates whether the prosthetic valve has violated one or more threshold values.

19. The testing apparatus of any of claims 1-18, wherein the first fluid driver
1s configured to displace the test fluid to flow the test fluid and the second fluid driver is
configured to provide an equal and opposite displacement of the test fluid than the first

fluid driver to flow the test fluid.

20. The testing apparatus of any of claims 1-19, wherein the first fluid driver
includes a piston configured to displace the test fluid and a position sensor configured to

determine a position of the piston.

21. The testing apparatus of claim 20, wherein the controller is configured to
determine a movement of the first fluid driver based on a signal from the position

sensor.

22, The testing apparatus of any of claims 1-21, wherein the flow channel is

configured to have a static volume entirely filled by the test fluid.
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23. The testing apparatus of any of claims 1-22, further comprising a test
chamber having a wall surrounding the flow channel, at least a portion of the wall being
light transmissive, and the testing apparatus further comprising one or more cameras

configured to view the prosthetic device in the flow channel through the wall.

24. The testing apparatus of claim 23, wherein the flow channel is defined by
a first fluid conduit on the inflow side and a second fluid conduit on the outflow side, and

wherein the test chamber is separable from the first fluid conduit and the second fluid

conduit.

25. The testing apparatus of claim 24, wherein the test chamber includes the
retainer.

26. The testing apparatus of claim 24 or claim 25, wherein the test chamber is

configured to be positioned within a gap between the first fluid conduit and the second

fluid conduit.

217. The testing apparatus of claim 26, wherein the first fluid conduit is

configured to slide relative to the second fluid conduit.

28. The testing apparatus of claim 27, wherein the first fluid conduit is
configured to slide relative to the second fluid conduit to seal the test chamber to the

flow channel.

29. The testing apparatus of any of claims 24-28, wherein the second fluid

conduit includes a vertical portion configured to store the test fluid.

30. The testing apparatus of claim 29, wherein the second fluid driver is

positioned at an end of the vertical portion.

31. The testing apparatus of claim 30, wherein the second fluid driver
includes a piston configured to displace the test fluid and configured to slide within the

vertical portion.

32. The testing apparatus of any of claims 29-31, wherein the second fluid
conduit includes a horizontal portion configured to couple to the test chamber and a

bend coupling the horizontal portion to the vertical portion.

33. The testing apparatus of any of claims 23-32, wherein a processor is
configured to determine a property of coaptation of leaflets of the prosthetic valve based

on one or more images provided by the one or more cameras.
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34. The testing apparatus of claim 33, wherein the processor is configured to
provide an output based on the property of coaptation of the leaflets of the prosthetic

valve.

35. The testing apparatus of claim 34, wherein the processor is configured to

provide the output on a display screen.

36. The testing apparatus of claim 34 or claim 35, wherein the processor is

configured to provide the output on an indicator.

37. The testing apparatus of any of claims 33-36, wherein the processor is
configured to automatically determine the property of coaptation of the leaflets when the

prosthetic valve is in the closed state.

38. The testing apparatus of claim 37, wherein the processor is configured to
automatically determine a region of interest of the prosthetic valve based on the one or

more images.

39. The testing apparatus of claim 37 or claim 38, wherein the processor is
configured to automatically determine an image distance of mismatch of the leaflets

based on the one or more images.

40. The testing apparatus of claim 39, wherein the processor is configured to

convert the image distance to a real distance.

41. The testing apparatus of any of claims 37-40, wherein the processor is
configured to provide an output of a quantitative measure of the property of coaptation

of the leaflets.

42, The testing apparatus of any of claims 23-41, wherein the one or more
cameras include a camera configured to provide an axial view of the prosthetic valve and

at least one camera configured to provide a side view of the prosthetic valve.

43. The testing apparatus of any of claims 1-42, wherein the controller is
configured to move the first fluid driver and the second fluid driver to provide pulsatile

flow through the prosthetic valve.

44, The testing apparatus of any of claims 1-43, wherein the controller is
configured to provide a corrective adjustment to a movement of the first fluid driver or
the second fluid driver to move the prosthetic valve from the open state to the closed

state.
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45, A method comprising:

providing a prosthetic valve in a flow channel of a testing apparatus, the testing
apparatus including a first fluid driver coupled to a first end portion of the
flow channel and a second fluid driver coupled to a second end portion of
the flow channel, the flow channel including test fluid positioned therein;

operating the first fluid driver and the second fluid driver to flow the test fluid
through the prosthetic valve in an outflow direction of the prosthetic valve
when the prosthetic valve is in an open state;

operating the first fluid driver to provide a pressure profile of the test fluid on an
inflow side of the prosthetic valve when the prosthetic valve is in a closed
state; and

operating the second fluid driver to provide a pressure profile of the test fluid on
an outflow side of the prosthetic valve when the prosthetic valve is in the

closed state.

46. The method of claim 45, further comprising identifying a leakage of the
prosthetic valve based on a movement of the first fluid driver when the prosthetic valve

is in the closed state.

47. The method of claim 45 or claim 46, further comprising operating the
second fluid driver to provide a back pressure profile of the test fluid on the outflow side

of the prosthetic valve when the prosthetic valve is in the open state.

48. The method of claim 47, wherein the prosthetic valve is a prosthetic heart
valve, and the back pressure profile is configured to mimic a physiological pressure

profile of a heart.

49. The method of claim 48, wherein the back pressure profile is configured to

mimic the physiological pressure profile of an aorta or of a ventricle.

50. The method of any of claims 45-49, further comprising operating the first
fluid driver and the second fluid driver to flow the test fluid through the prosthetic valve

based on a displacement model when the prosthetic valve is in the open state.

51. The method of claim 50, further comprising operating the second fluid

driver based on a pressure model when the prosthetic valve is in the open state.

52. The method of any of claims 45-51, further comprising operating the first
fluid driver to provide the pressure profile of the test fluid on the inflow side of the

prosthetic valve based on one or more pressure targets.
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53. The method of any of claims 45-52, further comprising operating the first
fluid driver to provide the pressure profile of the test fluid on the inflow side of the

prosthetic valve based on feedback from a pressure sensor.

54. The method of any of claims 45-53, further comprising:

determining a flow through the prosthetic valve based on a movement of the first
fluid driver when the prosthetic valve is in the open state;

determining a pressure differential between the inflow side of the prosthetic
valve and the outflow side of the prosthetic valve when the prosthetic
valve is in the open state; and

determining an effective orifice area of the prosthetic valve based on the flow and

based on the pressure differential.

55. The method of claim 54, further comprising providing an output based on

the effective orifice area.

56. The method of claim 54 or claim 55, wherein the flow channel is defined
by a first fluid conduit on the inflow side and a second fluid conduit on the outflow side,
and further comprising coupling a test chamber retaining the prosthetic valve to the

first fluid conduit and the second fluid conduit.

57. The method of claim 56, further comprising separating the test chamber

from the first fluid conduit and the second fluid conduit.

58. The method of claim 56 or claim 57, further comprising sliding the first
fluid conduit relative to the second fluid conduit to seal the test chamber to the flow

channel.

59. The method of any of claims 45-58, further comprising determining a
property of coaptation of leaflets of the prosthetic valve based on one or more images

provided by one or more cameras when the prosthetic valve is in the closed state.

60. The method of claim 59, further comprising providing an output based on

the property of coaptation.

61. The method of claim 59 or claim 60, further comprising determining a

region of interest of the prosthetic valve based on the one or more images.

62. The method of any of claims 59-61, further comprising determining an

image distance of mismatch of the leaflets based on the one or more images.



- 57—

63. The method of claim 62, further comprising converting the image distance

to a real distance.

64. The method of any of claims 59-63, further comprising providing an

output of a quantitative measure of the property of coaptation of the leaflets.



