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Abstract


The objective of the project is to design a device to fill silicone breast implant bags with saline to a specified volume, without exposing the saline to the atmosphere. The surgeon currently inserts the breast implant bag into the patient, and fills the bag with saline solution using 60 mL syringes.  Most bags need to be filled with saline volumes between 300 and 600 mL, so the filling of the bags requires the refilling of one 60 mL syringe up to ten times.  This is a time consuming process.  The use of a pump drawing saline from a 1,000 mL IV bag and dispensing the exact amount saline into the breast implant bag in less than five minutes would be the desired design.  Some peristaltic pumps can pump up to 3,400 mL per minute, and that is the type of pump we adapted for use in our design.  Also, a manual withdrawing syringe is adapted through a three-way luer connector to remove any air or excess saline in the implant bags.  An automated peristaltic pump (Masterflex) is the chosen design, while a manually controlled peristaltic pump (Klein), which the hospital already owns, is the current incorporation due to financial constraints.
Background 

Breast implants are saline filled sacs inserted into a woman’s breast to enhance the size or shape of her breast.  When a woman receives an implant, there are four typical positions where an incision can be made.  They are as follows: transaxillary (under the armpit), areola (under the nipple), inframammary fold (underneath the breast), or transumbilical (though the belly button).  After the surgeon makes the initial incision he/she prepares a cavity within the breast for the implant to sit.  This area can either be sub-mammorary or sub-muscularly.   Sub-muscular placement results in the implant resting below the chest muscle, while sub-mammorary placement lets the implant rest within the breast tissue.  


As the surgeon is preparing the breast for the implant, the nurse must prepare the implants for placement.  A saline filled implant is shipped full of air so the nurse removes it by squeezing as much out as possible, and then adds approximately 50 ml of solution to the implant.  The remaining air is withdrawn from the implant using the syringe until liquid flows through the tube.  In many cases this is a tedious process and saline must be gently added and removed until the nurse is confident no air left in the implant.  In practice it is nearly impossible to remove 100% of the air, but it is best to get as much out as possible.  If air does remain inside the implant, it can result in “sloshing” of the saline, which is neither good for, nor desirable, by the patient.


After the breast is ready for the implant a pre-filled sizing implant is inserted to give an estimate of how a particular size will look, or possible complications that may result from it.  When the proper size has been determined the permanent implant is ready for placement.  The surgeon places the implant in the correct orientation, and connects IV type tubing to it.  The connection of the tubing to the implant consists of a valve that can be closed when the operation is complete so the implant remains sealed.  The current methods of filling an implant vary according to the surgeon’s preference, but all incorporate the use of a 60 ml syringe.  Some surgeons will have the nurse fill the syringe from a saline reservoir behind the operating table, and some prefer to keep the system closed by drawing the saline directly from the IV bag.  In this situation, a 3-way pump is needed to ensure saline is only drawn from the IV bag when filling the syringe and only put into the implant when emptying the syringe.  In both cases the nurse has to keep track of how many times the syringe is filled and emptied, which is easy to lose track of since implants are commonly filled with more than 300 ml of saline.


These methods of filling implants are common throughout the practice. Although they do work, surgeons are not completely satisfied, mostly due to the probability of human error, inaccuracy, possibility of contamination, and frustration from having to continuously refill the syringes while filling the implants. 

Problem Statement



The goal of this project was to develop a breast implant device for filling implants bags with saline solution after the insertion of the silicone implant bag into the patient.  This device should dispense saline accurately (+/- 3 mL) and quickly (less than five minutes).
Literature Search


Possible methods for filling breast implant bags with saline were researched.  No current techniques use an automated pumping system to fill the bags.  Most of the surgeons utilize syringes, where they either draw saline directly from a 1,000 mL saline IV bag or the surgeon draws the saline from a bowl filled with saline.  The process of drawing the saline directly from the IV bag keeps the saline unexposed to the atmosphere by the use of a three-way luer connector with a stopcock.  The three-way luer connector allows for the saline to be draw into the syringe from the IV bag, and then the surgeon can change the stopcock to allow the distribution of the saline into the silicone implant bag already in the patient.  The process of drawing the saline from the bowl of saline exposes the saline to the atmosphere, which could lead to contamination.

The adapting of these current techniques to a new automated technique required the research of pumping systems currently on the market.  The most practical pumps that were found are peristaltic pumps.  These pumps are usually used to dispense small amounts of fluid (around 0.1 mL/min to 50 mL/min) and at low pressures (0.10 MPa).  These dispensing systems are not fast enough or at high enough pressures for a breast implant pump.  After much research, some larger peristaltic pumps were found that could dispense saline up to 3,400 mL/min at pressures up to 0.5 MPa.  The dispensing rate and pressures were met for our design requirements.  One of these pumps that fits our requirements is made by Cole Parmer.  The name of this device is the Masterflex L/S Drive EW-07523-60 Peristaltic Pump.  The price on this pump is around $1,325, which is quite expensive.
Design Constraints

Many of the restrictions on this pump come from issues such as performance, safety, accuracy, reliability, lifespan, operating environment, ergonomics, size and aesthetics.  Some of these restrictions are specified by the client, and are here stated.  The design must be able to pump 300 to 600 mL of saline solution in a time period of less than five minutes.  It should eliminate air exposure to the system to avoid contamination or the undesirable effects resulting from air bubbles present in the implant (this requires a closed system).  The design must be easy to use which means the size must be small enough to remain portable and stay out of the way in the operating room.  Medical tubing must be able to work in the pump.  The device should have the ability to dial in a specific volume of solution, and it should be precise in its ability to deliver the solution volume.


The client listed critical requirements he thought necessary to the design of the pump, but there are also other issues that must be considered.  Those issues were given in the breakdown of the sub-requirements listed above. The pump’s performance should be of a standard that gives it the ability to accurately deliver a pre-determined amount of saline to the breast implant.  The directional flow of the saline should be reversible, which means the pump should be a two-way pump or have some adaptation to withdraw air and fluid.  Durability should be high for the pump.  Safety is another issue that the pump needs to address.  To be safe it must be reliable, it cannot over or under fill implants. So it should have a constant flow rate and be accurate to plus or minus three milliliters.  A typical surgery will require the pump to operate for a time period of approximately 15 minutes, and it will be used in up to five surgeries per week.  The life-span of the pump should be at least two years.  The environment in which this pump will be used is of particular concern since operating rooms are critical areas.  Operating room temperatures can vary close to 10 degrees from room temperature (65ºF), so the pump will need to withstand those varying temperatures as well as humidity, and pressure typical for an indoor environment.  The pump should also be free of sharp, obtrusive corners that could pose a potential harm to patients or workers.  It must also be able to operate with a noise level low enough to avoid distracting nurses and surgeons, and operational vibrations should be kept to a minimum.  Ergonomics limit issues such as size weight and operating location.  The size of the pump should be small enough to remain out of the way of the surgeon and nurses while still remaining accessible.   The weight of the pump should be kept under 30 lbs so it can easily be moved.  Stability of the pump must be reliable too, it is not acceptable for the pump to tip over or fall down during operation.  Location of the pump will be primarily left to the surgeon so it should be able to be placed in a variety of situations; such as on a table, underneath a table or on an IV rack.  The pump materials can vary since they will not actually come in contact with the saline.  However, it must be made of something that can be easily cleaned.  There are no restrictions on aesthetics such as color shape or form, but it should be smooth to avoid injury.

Design Alternatives

The team determined three design alternatives that would successfully fill up a silicone breast implant bag with saline in less than five minutes with the accuracy of +/- 3 mL without exposing the saline to the atmosphere.  The three design alternatives include: the Masterflex Peristaltic Pump with Syringe, Klein Peristaltic Pump and Syringe, and the Pressurized Bag with Flowmeter.
Alternative #1: Masterflex Peristaltic Pump with Syringe

The major component of this design is the Masterflex L/S Drive EW-07523-60 peristaltic pump (see Figure 1), which is a 2 channel, high flow pump made by Cole Parmer.  The pump weighs 9.0 pounds and has dimensions of 15cm x 17.5cm x 18cm.  The Masterflex pump can deliver liquid between 0.6 and 3400 mL/min at a maximum pressure of 0.3 MPa.  The delivery pressure and flow rates are dependent on the tubing diameter and the user’s input values of volume and flow.  The Masterflex pump retails for $1,325. 



Figure 1: A picture of the Masterflex L/S Peristaltic Pump (Cole Parmer).


The Masterflex pump would draw saline from a one liter IV bag, and force the liquid through IV tubing and a luer stopcock valve with an attached syringe to the implant.  The luer valve has a stopper which permits only two of the valves to be open at one time.   The saline-filled IV bag and the IV tubing are provided by the UW hospital.  All necessary components of this design retail for approximately $1,350.


IV tubing is run from the saline IV bag through the head of the Masterflex pump and connected to the implant and syringe by means of the luer valve.  The pump can be set to a desired dispensing rate and volume.  It will take anywhere from one to three minutes to completely fill the implant, followed by automatic shut-off of the pump.  After the pump stops the luer valve is adjusted to allow flow from the implant to the syringe.  At this point, any air in the implant can be withdrawn to avoid “sloshing”, and excess saline can be removed if necessary.


[image: image2]
Figure 2:  Drawing of Masterflex Peristaltic Pump with Syringe
Alternative #2: Klein Peristaltic Pump and Syringe
This design incorporates the UW hospital’s Klein peristaltic pump.  It is similar to design alternative one since it also uses a syringe and a three-way valve in the same way.  An IV bag is connected to IV tubing which is run through the pump head.  The luer stopcock valve and the two remaining ports of the valve are then connected to the silicone implant inside the patient and the syringe respectively.  

The Klein peristaltic pump is not automated and it lacks a display screen to inform the surgeon how much saline has flowed into the implant.  The amount of saline dispensed is dependent upon manual control of the surgeon. Two different techniques can be used to estimate saline volume. The first technique requires filling of two volumetric flasks prior to surgery with the desired amount of saline for each implant. The major problem with this technique is that the system would be exposed to the operating environment meaning possible contamination.  The other method to determine the amount of saline dispensed into each implant is to measure the exact flow rates for each setting of the Klein pump, and calculate the time required to fill the implant to its desired amount.  This can be done by dividing the amount of saline desired by the flow rate at the chose level.   A graph of the flow rates for each level setting on the Klein peristaltic pump can be seen in Figure 3.
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The pump can then be set to its desired level, and turned on for specified time period.  If the surgeon determines the implant needs to be filled with more saline, he or she can continue pumping.  Once the correct amount of saline has been dispensed, any extra air is drawn out through the syringe that is connected to the luer valve.  Figure 4 is a drawing of the Klein Pump design.
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Figure 4:  Drawing of Klein Peristaltic Pump with Syringe

Alternative #3: Pressurized IV Bag with Flowmeter
This design differs from the other alternatives by relying on the mechanical force of pressure instead of a pump.  The necessary materials for this design include: a pressure sleeve, a saline filled IV bag, the Direct Reading Series DR DR100212 flowmeter, IV tubing, a luer valve, and a syringe.  


Another important aspect of this design is the Direct Reading Series DR DR100212 flowmeter.  It is difficult to gauge how fast the saline is filling the implant, because the pressure generated by the sleeve is variable.  A flowmeter is required to measure the volume of liquid passing into the implant.  The chosen flowmeter consists of a sensor and a display.  It is capable of delivering accuracy within one percent.  The display is 5 x 6 x 2.9 inches, and the sensor is 3.8 x 5.4 x 3.8 inches.  The maximum pressure for this device is 150 psi, and it can measure a flow rate of 0.1 to 1.0 gal/min.  


The last aspect of this design is the incorporation of a luer valve and a syringe.  If the surgeon determines the implant needs to be filled with more saline, he or she can continue pressurizing the IV bag.  Once the correct amount of saline has been dispensed, any extra air is drawn out through the syringe that is connected to the luer valve.  The design would cost approximately $400.  Figure 5 is a drawing of this design.


[image: image4]
Figure 5:  Drawing of Pressurized IV Bag with Flowmeter

Comparison of Design Alternatives

In order to choose which design alternative would work best for the surgeon’s use in filling up a breast implant bag already in a patient, a weighted design/decision matrix was created (Figure 5).

	
	Klein Pump
	Masterflex Pump
	Pressurized IV Bag with Flow Meter

	Simplicity
	7
	10
	3

	Time Needed
	8
	10
	6

	Size of Device
	7
	7
	9

	Precision of Filling Bag
	5
	10
	8

	Price
	10
	2
	4

	Reversible
	7
	10
	0

	Total
	44
	49
	30


Figure 5: Weighted Decision Matrix (10 being the best, 1 being the worst) comparing three design alternatives: Klein Pump, Masterflex Pump, and Pressurized IV Bag with Flow Meter

 The three design alternatives, the Klein pump, Masterflex pump and pressurized IV bag with flow meter, were rated on a weighted scale with a higher score being better than a lower one.  The matrix included characteristics such as simplicity, time needed, size of device, precision of filling the implant bag, price, and the ability to be reversible.  The weighted scale was implemented because some characteristics were deemed more important for the needs of the client and this needed to be reflected in our decision matrix.  Upon analyzing the matrix, the Masterflex pump proved to be the best design. However, our client decided to go with the Klein pump that the hospital already owned.  He chose this pump because it was free as compared to the Masterflex pump which would cost more than $1300.  The main problem with the Klein pump is that there is no indicator on the pump that displays to the user how much saline has been dispensed.  This could be solved with either a flow meter, measuring the flow rates and timing the filling time, or with flasks that were filled prior to surgery with a predetermined amount of saline. The flow meter would make the design rather expensive and this cost would not be worth it when a completely automated pump can be bought for a few more hundred dollars.  The drawback to flasks filled prior to surgery is that the system will be open to the operating environment and therefore there is a small chance of contamination.  Measuring the flow rates was the chosen solution, however this process greatly increases the risk of human error.

Chosen Design:  Masterflex Pump
The Masterflex Pump with syringe was the chosen design since it receives the highest marks on the design matrix.  The following is a summary highlighting the reasons that this pump is of higher quality than the others on the design matrix.  This design allows for an automated filling of the breast implant, while also incorporating the possibility of  manual removal of saline and air to make sure the implant is filled to the desired specifications of each patient (the correct size and without air to prevent “sloshing”). Manual removal of saline and air can be completed by attaching a syringe via a three-way luer connector. The peristaltic pump design is completely automated, so it is simple for the surgeon to administer the desired volume.  Not only is this design completely automated, but the system is entirely closed preventing any contamination.  The saline would only touch the inside of the IV tubing and nothing else.  

The Masterflex pump with syringe would be fast and efficient.  The design allows for the pump to be set at one specific volume of saline to dispense into the implant bag.  The Masterflex pump can reach flow rates of up to 3,400 mL/min which greatly exceeds the design requirements.  Furthermore, extraction of excess saline or air bubbles using the syringe with the three-way luer connector will also be much quicker than reversing the pump.  However, if for some reason the pump needs to be reversed, the Masterflex pump can reverse flow directions with the press of a button.

In addition, the Masterflex pump easily fits the size restraints.  The dimensions are 11-1/2"L x 7"W x 7"H and with this size the pump will not pose a major interference to the surgeon or the nurses during surgery.  Furthermore, an additional bonus to this design is that two pump heads can be fitted on the motor.  Two pump heads would allow for both breast implants to be filled at once.  This would ensure that both breast implants are filled with equal amounts of saline and it would also shorten the filling time during surgery by 50%.  

In addition, the Masterflex pump system is extremely simple to operate.  The Masterflex pump has a user friendly interface.  With the following simple steps a breast implant can be filled to the desired amount in less time with no air bubbles, and no possibility of contamination from the operating environment:  press the power button, select the tubing size, select flow rate (use arrows to reach desired rate), select volume dispensed (use arrows to select desired volume), and then press the start button.  So by pressing six easy buttons a breast implant can be safely, quickly, and efficiently filled.
Potential Problems

There are a few minor problems forseen for each the current design (Klein pump) and the chosen design (Masterflex pump).  For either of these designs, problems can result from operator error.  This includes improper use of the pump or confusion with the 3-way valve.  If the 3-way valve is in the wrong direction a number of complications could occur.  For instance, if the valve happens to be open between the syringe and the pump when the pump is turned on, the saline will go into the syringe instead of the pump.  If the operator is trying to remove excess saline from the implant while the valve remained in its original orientation, the syringe would suck saline through the tube connected to the pump rather than the tube connected to the implant.  This is not a severe problem, but rather something that the operator should be aware of.  

The misuse of the pump with either design has the potential for slightly more harmful consequences.  With the Masterflex, if the surgeon was confused when programming how much saline to deliver, he may actually input a greater saline level than desired.  Should this error go unnoticed, the implant could overfill to the point of compromising its integrity.  The digital display should be very easy to use, but this is still a possible problem.  To avoid problems like this, all of the nurses and surgeons affiliated with the breast augmentation surgeries would have to be trained for proper use of the pump.  

For the Klein pump, there is an increased chance for error in the amount of saline delivered, because it is based on timing how long the pump is on and trusting the accuracy of the flow rate.  This introduces possibilities for human error in calculating the amount of time required, and in the timing itself.  This could be avoided by pre-filling the IV bags to the desired amount, plus 5 mL extra, from a flask.  This method however, reintroduces the possibility of contamination.  The Masterflex on the other hand avoids these complications.  An easy to read and understand manual would be provided to avoid these human error problems with either pump.  


Problems that can occur outside of human error are a potential hazard too.  One of these hazards is pump malfunction.  If the amount of saline being delivered was different than what the display read, you could have similar complications to what is described above.  If the amount was less than what the display read, patients would be upset over the final size of the implant.  An easy way to prevent this would be to measure the volume delivered by the pump on a regular basis outside of surgeries.  Leakages within the tubing are also a problem, but since the tubing is replaced on a regular basis this is an unlikely scenario.


The proposed pump is quite universal and could be used in other surgeries such as liposuction, in which the Klein pump is currently used.  This could lead to unwanted use and an increase on wear of the pump.  Based on the surgery, different tubing lengths and diameters would be used to accommodate for the varying surgical environments.  These changes would be more of an inconvenience, but could lead to problems should the tubing be either too long or too short for the desired surgery.


Purchasing the Masterflex pump has been a problem, because of complications with funding.  Dr. Rao did not want to purchase the Masterflex pump with his own funding and then be reimbursed by the hospital causing complications.  The BME department does not have the financial means to purchase the pump for the client.  Evidence of the Klein pump working could possibly convince the hospital and Dr. Rao to purchase the Masterflex pump.  Cole Parmer would not lend the Masterflex pump; therefore a demonstration with the Masterflex is not currently possible.  The Klein pump was used as a substitute for the Masterflex in the demonstration of the final design. 

Future Work


Dr. Rao should be shown that the Masterflex pump is the best solution to this project.  This could be done by explaining how the Masterflex meets all of his design requirements, showing him just how easy the pump is to use, and explaining how the Masterflex will work much better than the Klein pump.  After obtaining the Masterflex pump, the University’s Human Subject Certification division should be contacted, and  the necessary protocol steps should be followed.  After that is completed, a short and easy to read user’s manual for the Masterflex pump should be composed.  This manual should be very simple and understandable so anyone can comprehend it.  It should explicitly describe how to fill an implant using the Masterflex pump, step by step. Shortly there after, Dr. Rao should be able to test out the pump during a breast implant surgery.

Conclusion

Upon evaluation of our different design possibilities, the best option for our client has been determined to be the Masterflex pump.  As described in detail above, the Masterflex pump is clearly the superior design when compared to the other designs and meeting our client’s requirements.  When confronted with a problem, it is the job of an engineer to come up with the best solution for the problem.  This does not imply that the top design is the most complicated method to solve the problem.  A situation such as that is particularly evident in the Masterflex design.  The client’s specifications call for options that are difficult to meet in the scope of this class.   Yet, particular aspects of the requirements are met by the various design alternatives.  However, the only way for all the aspects to be met is by the implementation of a automated peristaltic pump.  Therefore, the engineered combination of the peristaltic pump and a syringe is the outright best choice for the solution to the client’s problem.  This design should prove to be quite effective in simplifying, as well as significantly lowering the margin of error in filling breast implants.


Currently, the only solution available for Dr. Rao is the use of the Klein pump.  The Klein pump does not provide exact measurements, but an approximate volume dispensed could be determined by way of the researched flow rates for use in surgery.  Because of funding, we are not able to accommodate Dr. Rao with the Masterflex pump.  Hopefully, the Klein pump should provide enough evidence to both Dr. Rao and the University’s Human Subject Certification division for approval of the purchasing and usage of the Masterflex pump.  With the Masterflex pump system, Dr. Rao will have a closed, two-way system that gives precise and accurate measurements.
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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 a pressure of atleast 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 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 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.















Figure 3: Flow Rate Calculations for the Klein Pump
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