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Problem Statement:


The numerous amounts of IV tubing required for pediatric patients causes confusion in lines, called spaghetti, and places the patient at risk for injury.  The goal of this project is to create an IV tubing organizer to prevent spaghetti while maintaining the functionality of an IV tube.

Background Information


The tangling of IV tubing, or spaghetti, as it is known by staff of UW Children’s Hospital, has caused difficulty in the transport of patients.  A child staying in the hospital averages five IV tubes, each tube with its own pump.  The pump is a small machine that can be unplugged from the wall for up to two hours as the child is being moved to a different room.  When a child is taken out of the operating room, each pump is set on top of the bed during transportation. The tubing on the bed usually become tangled as the child is lifted from one bed to another.  After the child is put into a permanent bed, the pumps must be placed back onto the IV pole and the tubing sorted.  Nurses at UW Children’s Hospital say it has takes up to an hour to untangle the tubes of a critical patient, who may have up to ten IV tubes.  

Multiple problems arise from the difficulty in sorting a patient’s IV tubing.  Leaving the operating room is a critical time for the doctors to determine whether the patient is responding well to the operation.  It is difficult for doctors to perform more work on the patient if the patients IV tubes are extremely tangled.
Another issue is that of organization.  If the tubing is in disarray on the patient and one type of medicine needs to be added, changed or removed, it may be difficult to correlate which pump is responsible for the IVs in certain locations on the patient.

Finally, when tubing is much longer than needed, the risk of it being accidentally pulled or tugged is increased.  If the tube is long enough to hang over the side of the bed, it poses a risk for anyone walking near the bed to trip over.  

The IV tubing used by UW Children’s Hospital is five to eight feet long and one sixty-fourth of an inch in diameter.  That length can be extended by attaching two tubes together.  This is necessary when a patient is put into an MRI machine because the magnetic metal in the pumps cannot be near the machine.  The tubing is not likely to kink, although it is possible near where it is attached to either the machine or the patient.  If the flow of solution in the tube is obstructed for any reason, an alarm sounds and the hospital staff is alerted.
Additional Information Needed:


At this point in the project, there is more information that we need to obtain.  Some of our preliminary designs include the IV tubing being coiled.  We need to find out if and how much the flow of fluid in the tube is changed due to the coiling and whether the right amount of medication will still be transported to the patient.
Another aspect of this project we need to know is how much weight the IV pole is able to support.  If we decide to attach a device to the IV pole, we must make certain that the stability of the pole is not compromised.
We also need to learn which materials are able to safely enter the area around an MRI machine.  Any magnetic materials will not be safe, but we need to know the level of magnetism and distance from the machine that is allowed.  

In addition to examining coiling, weight, and materials, patient comfort is also an issue.  If an IV tube attached to a person is pulled too tightly, it can cause harm to the patient and also be extremely painful.  Nurses often will tape the IV to the patient’s arm and then allow a little slack and place another piece of tape on the arm so any pulling over the length of the tubing will not result in any force on the needle in the patient’s arm.  However, we do not know the degree to which any pulling on the main part of the tube will affect the patient.
Explored Possible Solutions

Auto-Retractable Hose Reel


Based on the client’s initial suggestions of a tape measure-like device, options based around a spring loaded and retractable system was explored.  Two such devices can be seen in Figure 1 and Figure 2.  The device shown in Fig. 1 follows the idea of a miniaturized hose reel with the tubing extending in one direction.  Figure 2 depicts a hose reel with the tubing extending from both end of the reel.
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Figure 1: Miniaturized Hose Reel
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Figure 2: Conceptual Double Hose Reel

A hose reel is a device allowing a length of hose to be extended from a fixed point out to a certain length, governed by the volume of the reel itself.  The input to the reel is a fixed point through which the substance, typically air or water, is passed through.  The hose contained on the reel is allowed to rotate by means of a special rotating fitting that is sealed onto the end of the hollow fixed input, Figure 3 parts 1, 2, & 32.

[image: image3.png]



Figure 3: Hose Reel Schematic

The hose reel then has a locking mechanism allowing lengths of hose corresponding to even degrees of rotation to be held in place, Fig. 3, parts 8 & 28.  The rewind feature is controlled by a leaf spring mechanism, similar to that in a tape measure, and pictured in Figure 3, part 16.

Such a system would keep the hose well contained, and the length exposed would be well controlled based on how frequently the stops were made for the locking mechanism.  But such a system has drawbacks as well.
When released, the speed of the recoil would be controlled only by the tension the user placed on the hose.  If the hose was not forced to slowly recoil, it would snap back as fast as it could.  This could lead to an undesirable situation if the locking system was to be unintentionally released.
Additionally, such a system does not lend itself to easy or frequent hose changes.  Since the hose has to be connected to a part of the system that cannot be removed, the entire hose would have to be extended to replace it.  This would also mean the system would be “loaded” with the spring being at its highest tension when the hose change was to take place.

The limiting factor in such a design would be the special rotating fitting.  Since the IV solution would have to pass through this fitting, it would have to be made of very carefully chosen materials.  This part is also subject to the most wear, so even as it breaks down, the materials choosen would have to not cause contamination of the IV solution or lead to leaks.  A minor leak into or out of a system designed to hold air or water is not a major problem; however leaks into an IV system or loss of IV solutions would be.

Auto-Retractable Line Holder


An alternate solution that sprung from the Retractable Hose Reel discussed above was to separate the spring loaded, retractable reel from the device that restrains the IV tubing.  A simple schematic can be seen in Figure 4.  Such a device allows easy changing of the IV tubing and eliminates any issues with parts of the device having to come into contact with the IV solutions.
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Figure 4: Quiver-like Tube Holder
In addition, multiple IV tubes can be contained by a single device.  If multiple tubes are on one device, a labeling system can be incorporated so that the origin and destination of each tube can be determined at a glance.


In the device pictured in Fig. 4, the retractable reel becomes solely responsible to retract the IV tubing back into an accordion-like shape.  The straps affixed between the racks of tubing holders would limit the amount that each subsequent holder could drop.  
Additionally, the straps would prevent the system from twisting into a tight helical shape, which could occlude flow through the IV tubing.  Bump stops would prevent the tubing from becoming pinched between adjacent tube holders and a non-metallic cable would minimize magnetic elements present in the device.


The IV tubing holder racks would be similar to that of a modern arrow quiver.  Each rack would be composed of a hard plastic shell with a foam rubber material core with slots to push the IV tube into, Figure 5.  A labeling system could then be affixed or molded into the hard plastic.  Matching labels could also be made to attach to the tubes where they leave the pumping system.
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Figure 5: Single Quiver-like Unit


The presence of a retractable reel becomes of primary interest in this design.  If the device is to be used in conjunction with an MRI scanner, finding a reel with no magnetic parts becomes a necessity.  Finding such a reel is, at this point, believed to be the most difficult aspect of this design.

Manual-Retractable Line Holder

Much like the Auto-Retractable Line Holder discussed previously, this device would use the same tube holding and labeling scheme.  The same limiting strap and non-metallic cable would also be used.

The difference from the previous holder would be that this device would implore a manually reeled retracting system.  The retracting system would consist of a handle with a geared advantage over the spool, which would contain the non-metallic cable.  This retracting system could best be described as similar to a fishing reel.
Some fishing reels can contain minimal amounts of metal components to keep their cost down and, in the case of ice fishing reels, prevent icing in the mechanisms at cold temperatures.  If an appropriate fishing-type reel were selected, the cable stopping, releasing, and even cable drag features would already be present and not have to be designed from scratch.  Plus, it is felt the controls for a fishing-type reel will be commonly familiar enough that minimal instruction or warning labels will need to be present on the device to assure its proper use.

One downside to the use of a manual retraction system is the longer time that may be necessary to wind the system into a fully retracted state.  But with proper gearing, it is believed that this downside can be overcome.

Proposed Solution

A device consisting of a manually retractable cable with quiver-like tubing holders would most quickly, cheaply, and completely fulfill the requirements of the client.  The holders, by being easy to load and unload, would allow for rapid and frequent changing of the IV tubing.  By incorporating existing technologies, the costs of manufacturing and training on the new device will be minimized.  Through a visible tube labeling system, patient risk associated with tracing tangled tubes back to their source can be eliminated.

Problems


One problem is that a device placed on the IV tubing at UW Children’s Hospital will be near children who may be tempted to play with it.  A child would be risking injury if he pulled the needle out of his body.  To solve this, we might consider attaching something to the IV pole rather than having it on the IV tubing and within reach of the child.
Another problem is the constraint of metal we are allowed to use.  Any magnetic materials are not allowed because of patients who need to go into the MRI machine.  Magnetic materials are so strongly attracted to the machine that they will become projectiles and be very dangerous to anyone in the room.  Magnetic materials also will cause the images produced by the MRI machine to become distorted and give inaccurate results. 


Another problem is cost.  One device can be used per patient for the extent of their visit, with multiple sets of IV tubing being replaced into a single device.  The client estimates there are an average number of five tubes per patient.  The UW Children’s Hospital admits 600 patients a year, which means that potentially 3,000 of these devices would be needed per year.  Since the production number is so high, it will not be feasible to make a product unless it is extremely well priced.
One more problem we have found is in the idea of coiling a tube.  When a tube is coiled, the way the fluid flows through it changes.  As previously mentioned, we do not yet know the degree to which the fluid flow is changed.  To make an appreciable difference in the length of the tubing while still keeping the device small, the tube must be coiled relatively tight.  Coiling the tube could cause problems such as kinking or inadequate fluid flow.  To solve this problem, we are going to further research how fluid flow adapts to coiling tubes and make sure that our device doesn’t reduce the function of the IV tubing.
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Function: The goal of this project is to design an IV tubing organizer to minimize the confusion in lines that can place the patient at risk.  The organizer will minimize the “spaghetti”, the tangled tubing, while maintaining the function of the IV tubing.  Use of this device will decrease the amount of time spent straightening tubing.

· Client Requirements:
· Device needs to be compact, light, and inexpensive

· Device should be disposable

· Device must not harm the patient or user

· Device needs to be durable

Design Requirements: The IV tube organizer should effectively hold ~5-8 feet of IV tubing in an organizer such that it minimizes “spaghetti” while maintaining the functionality of an IV tube.

Physical and Operational Characteristics

a.) Performance requirements: The device is to be used continuously for the duration of the stay of a single patient.  Ideally, the device would then be discarded and a new device employed for a new patient.  The device must withstand regular tubing replacements every 3 days or less.  In addition, the device must be able to handle tubing length adjustments a minimum of five times daily.  The device should be able to withstand short term misuse by untrained personnel and abuse by the patient, since most patients will be children.  The device will most likely be used within the vicinity of an MRI scanner.
b.) Safety: The device need not sterile, since the tubing contained within or by it is sterilized.  On this note however, the device must not occlude or damage the tubing in any way.  Since the device may be used in conjunction with MRI scanning, the device ideally must contain no magnetic materials.  If the device must contain something magnetic, a safe radius from the MRI scanner must be determined and clearly labeled on the device.  Any mechanical operating procedures for retractable components or length-locking mechanisms must have clear instructions spelled out and placed on an obvious label near the operation switches or buttons.
c.) Accuracy and Reliability: The accuracy and reliability of the medical syringe pumps must not be hindered or changed by the device.  The device itself has no accuracy issues, but it must reliably retract and extend lengths of tubing over the life in service.  Any locking mechanisms must not fail, as this could potentially cause forceful removal of tubing from the patient.

d.) Life in Service: The device must be able to last at least one week, with adjustment/operation a minimum of 5 times per day.  Since the device will be discarded after the patient is released, no service should be required.

e.) Shelf Life: The device must be able to operate at normal room temperatures (68˚F), with a variance of about 10 degrees Fahrenheit.  It must also be able to withstand storage and shipping temperatures between 20 and 120 degrees Fahrenheit.

f.) Operating Environment: The device will only be exposed to the controlled conditions of a hospital room.  For this reason, the device should not and must not be exposed to significant amounts of dirt or dust.  The device must handle external forces such as being bumped or dropped by the user (nurses) or patient.  Also, since the device will be used around pediatric patients, it must be designed to protect against tampering or abuse by children.

g.) Ergonomics: The device must be sensitive enough so as not to pull IV tubing from the patient.  The distance from patient's location should be 5-8 ft with less being optimal.  The device must be easily accessible to prevent blockage within IV tubing.  The device should not be out of a comfortable reach of user to function correctly.

h.) Size: The device must be small enough to fit in a hospital room or on a hospital bed next to the patient.  It should be discrete (not bulky) and must be mobile as it must accompany the patient in transport.  The overall size should be minimized and comparable to the syringe pumps.

i.) Weight: The device must be light enough to lift and place on top of the patient’s bed.  If suspended between bed and pump, the device must be extremely light so as not to tear or pull on IV tubing.  If attached to a pole, the device should still be light, but it is less of an issue.

j.) Materials: Optimally, the device is not allowed to include any magnetic metals, due to potential interaction with an MRI machine.  The device should utilize lightweight materials, but be able to withstand external forces.  The device does not need to be sterilized. 

k.) Aesthetics, Appearance and Finish: The device should ideally be color-coded to keep track of multiple IV lines.  The texture of the device should be smooth and should not have any sharp corners or roughness.  The device should resemble professional hospital equipment.

Product Characteristics
a.) Quantity:  Initially a single prototype will be built, but an estimated 3000 products may be needed per year. 

b.) Target Product Costs:  As is typically the case, production costs should be kept to a minimum.  Since the cost of IV tubing is around $3 per eight feet, and it is replaced every three days, the cost for the product itself should not increase this mandatory price an unacceptable amount.  The projected target cost is $6-10 per unit.

Miscellaneous
a.) Standards and Specifications: All materials must meet FDA approval for hospital use.  

b.) Customer:  The client wants a device that allows tubing to be extended while in use and retracted while not in use.  The customer would prefer that the device be small in order to attach to the side of the IV pole or the hospital bed itself.

c.) Patient-related Concerns: The device itself does not need to be sterile, since the tubing contained by it is sterilized.  The device must allow leeway as to not injure the patient in the event that the IV tubing gets pulled.

d.) Competition: There are currently several patented organizers that allow ease in separation of IV tubing.  However, a spring loaded dispenser does not currently exist.
