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Function

We are interested in making a device to measure the stiffness of intact mice hearts at different phases of the cardiac cycle. Our idea is to place a pressure transducer inside a small balloon inside the mouse heart and inject small quantities (perhaps 5 µl) of saline into the balloon. The stiffness of the heart will be defined as the change in pressure divided by the change in volume. The difficult bit of the project is that we need to make the measurements very rapidly (ideally within a few ms). In turn, this means that we need to inject the saline quite quickly.  So the main goal of the project is to design a micro-fluid injecting device that dispenses between 3-5 µl of solution at a very rapid rate.
Client Requirements

· Inject a fixed quantity (3-5 ul) of saline through a catheter into a left ventricular balloon
· The injector must attach to a catheter with 200 µm diameter opening
· Length of catheter from fluid injector to end of tube is 2 cm
· Must do this in less than 3 ms
· Must operate with an electrical logic pulse (ex. TTL)
· *Should record how much fluid was injected
1. Physical and Operational Characteristics

a. Performance requirements: Inject 3-5 μl of saline solution into a balloon in less than 3 ms, against left ventricular pressure, and remove the injected volume (not time critical). The balloon needs to be filled to a desired volume prior to fluid injection, which is to be initiated by an electric logic pulse (TTL trigger). The fluid will flow through 2 cm of flexible tubing with outer diameter 200 μm, before reaching the balloon.

b. Safety: All electrical components must be enclosed to prevent harm to the researcher and mouse.

c. Accuracy and reliability: The injected portion should be consistent and measurable.  Accuracy to within 1 μl of the desired volume dispensed.
d. Life in Service: Duration of experiments.

e. Shelf life: approximately *5 years.
f. Operating conditions: Physiology laboratory environment. 

g. Ergonomics:  The device must easily attach to a small catheter--on the order of 100 um in diameter.  The device should be hand held and easy to activate with a single hand.  The injector should fire at the push of a button, key stroke, or switch through the use of an electrical pulse.
h. Size:  The size of the device will depend.  If a digital interface is adapted to control the device, the entire device will rest on a table in the shape of a small box.  A tube with an attachment for the catheter and intake aparatus will protrude from the box.  The pump would rest inside of the box.  The device may also be adapted into a hand held device and would be no larger than the size of a pen along with the attachment for the power source and catheter.

i. Weight:  A weight limit may be applicable if the device is adapted into a hand held device.  If that is the case, it should be easy to lift and operate with one hand.
k. Materials: No material used can be harmful to the operator.  The tubing involved should sterilizable and easy to clean.  The injector pump should come apart and should also be easy to clean.

l. Aesthetics, Appearance, and Finish: No restrictions
2. Production Characteristics 
a. Quantity: 1

b. Target Product Cost: 

i. Expected cost of the first unit by the client: $10,000

ii. Expected cost of the consecutive units: $500

3. Miscellaneous

a. Standards and Specifications: This product in mainly going to be used for the experimental procedures in medical research. There are no international or national standards that this product need to follow. 
b. Customer: Client is interested in the mechanical properties of muscles. Through this machine he wants to measure passive pressure in intact heart in a mouse. 
c. Patient-related concerns:  For the purpose of this project, the product is to be used on isolated mice hearts. Therefore, there is no use for this device to be sterilized, unless the heart is going to be used for some other purposes like extracting DNA etc. However, in future this device can be developed to measure pressure in an intact heart.
d. Competition: There isn’t anything similar to this product out in the market.  However, people at University of Calgary in CA have come invented up with something similar to this project. 

