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Abstract:


The purpose of this project is to design a pump which can be used to fill breast implants.  Currently, saline breast implants are filled by means of a 60 mL syringe.  The process to fill the implant can be very repetitive and is prone to human error.  Also, the saline is exposed to bacteria because the process is not a closed system.  By researching various methods used by other surgeons, we are trying to create a closed system that is not susceptible to human error, and can shorten the length of breast augmentation surgeries.  
Problem Statement:


Our goal is to design a pump that will be able to pump 300 to 600 mL of saline solution into a breast implant.  The system must eliminate air exposure as much as possible to eliminate contamination to the saline solution.  The system must be able to intake and outtake the saline from the breast implant and be fairly simple to use.  

Background Information:


Currently, our client, Dr. Rao, uses a 60 mL syringe to fill the breast implant.  On average, the implant is filled to 300 mL or more.  A nurse must refill the syringe at least five times to fill the implant, a process which is susceptible to human error (Figure 1).  The nurse can very easily forget to count a syringe, and the implants may be filled to different sizes.  Although the doctor visually checks the breasts for over symmetry, one extra syringe of 60 mL in the breast implant may not be able to be seen visually.  Also, a breast implant sometimes gets air bubbles while the saline is being injected into the implant.  Since the implant is already in the breast, the doctor cannot check to see how much air got into the implant.  If too much air gets into the breast implant, a squishy sound may be heard when the breast is shaken or bounced.  A main advantage of our design would limit human error as much as possible and try to create a pump which can take out the extra air after the breast implant is filled. 

Design Requirements:



Our client, Dr. Rao, has specified several design requirements. First and foremost, the breast implant pump and all of its components should be reasonably priced.This is due to the fact that it does not play a vital role in breast augmentation surgery. The pump must be able to pump 300 to 600 mL of saline solution into a silicone breast implant within 2 to 3 minutes.  The flow rate at which saline is delivered into the implant should be held at a constant rate around 10 ml/sec.  This pump must also be in a closed system and the saline solution should never be exposed to the air.  This closed system would involve tubing connecting directly to an IV bag, going straight to the pump and then tubing that connects directly to the breast implant.  In the current implant filling system, a nurse fills a syringe from a bowl of saline which is open to the air.  A closed system would reduce the possibility of saline being contaminated from harmful agents in the air.  Furthermore, a closed system would also decrease the amount of air bubbles introduced into the implant.  
The implant pump must have the ability for a nurse to enter in a volume of saline desired and have the pump dispense this amount efficiently.  As mentioned before, our client brought up the fact that sometimes the nurses will forget how much saline has been injected into the implant. Then the implants must be completely emptied and the whole process must be redone.  A system where a desired volume could be chosen would save much time and reduce the risk of human error.  An input system where the flow rate could be user controlled would also be a key feature.  This adjustable flow rate option would allow the surgeon to slow the flow rate down when the breast implant is reaching its desired volume.  In addition, the surgeon tends to visually look at the breasts to make sure they are the same size before he closes the incision.  An adjustable flow rate would allow our client to easily and safely make sure the breasts are of equal size.  Dr. Rao expressed a great interest that this dial in system be digital.  Regardless of whether the input system is digital or not, it must be user friendly.  This would require for the input system to be easy enough to use by someone who is not familiar with the device (Chesler, 2003).  Possibly a clear and simple instruction guide could solve this problem.  This input system must also be accurate to +/- 3 mL.  A pump that is not precise would basically be no use to Dr. Rao or any other plastic surgeon.  

Not only should the dial in system and the pump be accurate, but it also must be extremely reliable.  The pump would be used for about 10 minutes max each surgery.  It could be used in as many as 2 surgeries per day, 7 days a week.  It should work flawlessly for at least 2 years.  With this heavy usage it is obvious that the pump must be rather durable.  The primary power cord should connect to a DC outlet. However, to make sure the pump does not fail it should have a battery backup system.  The breast implant pump must be able to withstand normal pressure, temperature, and humidity within an operating room.  It should be able to endure constant contact with saline solution without rusting.  An ideal material for the pump would be stainless steal; however, any other material with similar properties will do just as well.  Also, the pump must be able to withstand the sterilization process (autoclave) because it may be contaminated during use in surgery.
Dr. Rao also expressed a great interest in a reversible pump.  A reversible pump would be ideal for a couple of reasons.  First off, it would allow the surgeon to take some of the saline out of the breast implant if it was accidentally overfilled.  It would also be useful in making the size of each breast equal.  This can sometimes be troublesome because some women have unequally sized breasts.  A reversible breast implant pump may also prove to be useful when it comes to removing air from the implant before and after insertion into the body.  
The breast implant pump and all of its components must also be ergonomically desirable.  The device should be composed of smooth surfaces and be completely free of sharp edges and points.  This will prevent the pump from interfering or possibly harming a healthcare worker that is rushing around the operating room.  Ideally the pump and all of its components should be fairly small so it can stand close to surgical table and not be an obstacle to the surgeon during surgery.  The pump should weigh approximately less than 30 lbs so a nurse could effortlessly transport the pump around the operating room by carrying or rolling it.  It should be able to rest safely on a flat surface during surgery and during storage.  It must also be stable as to avoid tipping over which could damage the device.  

Lastly, the device must be compatible with a variety medical tubing.  Ideally, different types and sizes of medical tubing should be interchangeable with the pump.  This pump must be able to directly connect to an IV bag (500 or 1000 mL) and also be connected to the breast implant at the same time.  In addition, Dr. Rao expressed an interest that the device be compatible with a needle that is used during breast expansion.  Breast expansion is a type of surgery that women would under go after having a mastectomy.  The connection to the saline implant is different than that used in normal breast augmentation surgeries.  The ability to adjust the flow rate on the pump, as mentioned before, would also help out in a breast expansion surgery because usually the flow rate must be much lower than a normal breast implant surgery.  (Rao, 2003)

Proposed Solution:

After researching numerous different types of IV and rolling pumps, a peristaltic pump seems to be the best suited solution for this project.  A peristaltic pump is defined as a pump in which fluid is forced along waves of contraction produced mechanically on flexible tubing (www.webster.com, 2003).  Peristaltic is a type of rolling pump in which a series of rollers (usually 3-5 sets) pinch tubing against an arc thereby forcing fluid along through the tube.  Figure 2 shows an animation which gives a simple description of how a peristaltic pump works. One of the main advantages of a peristaltic pump is its cleanliness. The sets of rollers only come in contact with the external side of the tubing, thereby eliminating the risk of contaminating the fluid flowing within it.  Currently, peristaltic pumps are used in a wide variety of medical applications. These pumps are used to force blood through filters to clean it, add nutrients to blood, or to move blood through the body and lungs during open heart surgery (www.animatedsoftware.com).  According to Dr. Rao, no such pump has been used to fill breast implants.  
Figure 2 – Basic Mechanics of a Peristaltic Pump
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(http://www.animatedsoftware.com/pumpglos/peristal.htm)


The Omegaflex peristaltic pump is of high quality and is one of the most reasonable priced peristaltic pumps on the market.  It comes in two components which work together as a system: the FPU500 peristaltic pump (Figure 3) and the FPU5-MT pump motor (Figure 4).  Each is respectively priced at $125 and $975 (www.omega.com).  This may seem to be rather expensive, but when compared to other peristaltic pumps priced at over $9000 (www.equilabcanada.com), $1100 is quite practical. 
Figure 3- FPU500 Peristaltic Pump
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(http://www.omega.com/pdf/tubing/pumps/fpu500/fpu500lg.asp)

The FPU peristaltic pump is ideal for use in sterile and corrosive operating environments.  It can achieve flow rates from 1.0 to 2280 mL/min.  It has three-roller geometry which reduces pulsation and improves priming.  This feature would be very helpful in creating a steady flow and reducing air bubbles in the breast implant.  The pump is also composed of polysulfone housing which provides durability and chemical resistance.  The dimensions of the pump are fairly small (4 x 4 x 2.25”) and therefore meets the design requirements.  It is of negligible weight (14.4 oz) and also appears to be completely free of sharp and obtrusive points.  (www.omega.com)
Figure 4- The FPU5-MT pump motor shown with two FPU500 pumps
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(http://www.omega.com/ppt/pptsc_lg.asp)

The FPU5-MT pump motor, the more expensive of the two components, has a digital display featuring the flow rate, RPM, total volume dispensed, fluid temperature, flow duration or the tube size.  This not only meets Dr. Rao’s requirements for the digital input component but greatly exceeds them.  Once again in Figure 4, you can see rather clearly that the device has an easy-to-read display.  It has a “membrane keypad” which makes for easy calibration.  Another important feature of the pump motor is that it has built-in electronic braking and reversing for fast stops and directional changes.  It also accepts a variety of metric and English tube sizes.  Tubing can be quickly and easily interchanged.  Lastly, the pump motor itself weighs only 18 lbs and has dimensions of 6” x 10” x 10”.  Both the weight and its size easily fit within the design requirements. Not to mention that the motor is also made up of mostly smooth surfaces which will not pose a threat to healthcare workers.  (www.omega.com)
Alternative Solutions:

Potential Problems:
In summary, the FPU peristaltic pump and the FPU5-MT pump motor are perfect solutions to this project.  Together as a system, they meet, and in some cases, exceed every design requirement given to our group.  One downside of the Omegaplex peristaltic pump system is the $1100 price tag. Even though this is one of the cheapest peristaltic pumps on the market, it is still a daunting cost.  Another thing that should be considered is that all of the information gathered on the Omegaplex system is from the Omega company website.  So therefore, it may be slightly biased.  It would be a good idea to get a second opinion on it before any purchases are even considered.  Also, alternative solutions should still be researched in order to find a cheaper solution to this project.  
Future Work:

If a workable alternative solution is not found, our group should consult with Dr. Rao and see if he wants to order the Omegaplex system.  We also need to research what types and sizes of tubing will be used to connect the IV bag to the pump and the pump to the breast implant.  Interconnecters for the different interfaces need to be researched and purchased at www.coleparmer.com (Chesler, 2003). This will enable the breast implant pump to be a completely closed system.  No matter what design is chosen for this project, connecters for the various tubing will have to be researched and ordered from www.coleparmer.com. In conclusion, the Omegaplex peristaltic pump system should be considered as a feasible solution, but other alternative solutions should not be ruled out as of yet.
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Functions: 
Currently saline breast implants are filled by means of a 60 ml syringe.  This process is prone to human error, and more susceptible to germs than alternative methods.  Our pump will aim to simplify the procedure of filling breast implants, as well as add an additional safety factor for the patient.

Client Requirements:

· Must be able to pump 300 to 600 mL of saline solution in a reasonable period of time.  (2-3 minutes)

· Eliminate air exposure to the system as much as possible, to avoid contamination and the admittance of air bubbles in the implant

· Closed system

· A two way system

· Easy to use

· Variable size, but within reason

· Ability to dial in volume of saline desired

· Adaptable to medical tubing

· Must be precise, +/-3 mL

· The device should be capable of distributing saline at pressures from 1.0 to 1.5 atm

· The possibility of other applications (needle adaptation for mastectomy) 

Design Requirements
a.
Performance Requirements:  The pump should be able to accurately deliver a “dialed in” amount of saline to a breast implant.  It should be a two-way pump, in case too much saline is delivered.  This process should be done on a closed system.  The pump should be durable and not require sterilization.   It must be compatible with medical tubing.
b. Safety:  The pump should deliver fluid at a constant rate close to 10ml/sec.  As with all surgical equipment, if it is electric, it should have proper battery back-up. 
c. Accuracy and Reliability:  Fluid delivery should be accurate to +/- 3 mL.  The pump should reliably deliver the same amount each time it is used. 
d.  Life in service – The pump would have to work for approximately 15 minutes each surgery.  Its max use would probably be 2 surgeries per day, 7 days a week.  The pump would have to be reliable enough to withstand that amount of use per week.

e.   Shelf life –  Ideally the pump should last at least 2 years.

f.   Operating environment – The device should be able to withstand normal  temperatures, pressure, and humidity within an operating room.  The device should be free of sharp, obtrusive corners or points as to not interfere or pose a threat to the healthcare workers. It should be able to endure constant contact with saline solution without rusting.  The noise that the pump emits should be relatively low as to not interfere or irritate the surgeon and other health care workers in the operating room.  In addition, the pump should have minimal vibration so it will not move around on the table on which it is placed.

g.   Ergonomics – Ideally the entire device should not take up much need space in the operating room.  The pump should weigh less than 30 lbs so a nurse could be able to easily move the pump around the operating room during surgery.  It should be able to rest flat and safely on a table during surgery and during storage. It should also be stable in order to avoid falling over and which could damage the device.

h. Size:  Needs to be able to stand closely to the surgeon during surgery.  It must be a manageable shape and size for the nurses/surgeon to move.  

i. Weight:  The pump should weigh less than 30 lbs so the nurse could easily move the pump around the operating room by carrying or rolling.  

j. Materials:  Stainless steel, or other materials that can be easily cleaned.

k. Aesthetics, Appearance, and Finish:  The device should have a smooth surface and no sharp edges to reduce the risk of injury in the operating room.  The device should be conveniently shaped to easily move the device.  The finish does not matter, as long as it can be easily cleaned.  No restrictions on color.  

Product Characteristics
a. Quantity:  One pump dispensing unit.

b. Target Product Cost:  $200 donated from the engineering department and the amount supplied by our client (if any).

Miscellaneous

a. Standards and Specifications:  Must pass our client’s and the University of Wisconsin-Madison’s health services specifications in order to be further marketed.

b. Customer:  Desires a closed system for handling and delivering the saline solution in a timely fashion of duration between 2 and 3 minutes.

c. Competition:  None known.

