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Problem Statement

The goal of this project is to design an intravenous (IV) tubing organizer to minimize the entanglement of tubing and cords that can place the patient at risk.  The organizer will minimize the entanglement of  tubing and wires, while maintaining the function of the IV tubing.  Use of this device will decrease the amount of time spent straightening tubing and reduce risk to the patient.
Background Information

Generally, a pediatric hospitalized intensive care patient is hooked up to several monitors, intravenous (IV) fluid pumps, and other life-sustaining machines.  For each of these devices, a minimum of one wire, tube or cord must be connected to the patient.  These wires vary in length, but are typically in excess of the length desired.  This creates a multitude of cables that can easily become tangled with one another, resulting in a confusion of wires that nurses often refer to as “spaghetti.”  This “spaghetti” becomes even more dangerous when transporting a patient, such as when a patient is brought to an MRI imaging room.  During transportation, all of the patient’s medical devices are placed on the hospital bed with him/her, and their wires are brought even closer together, resulting in greater entanglement.  This leads to difficulties with tube identification and other safety complications for nurses at a critical and dangerous time, since a patient’s condition becomes less stable during transport.  Additional problems caused by this entanglement of cords include: children getting caught in the cables, nurses tripping over or dragging them, and extra time needed to separate the wires and machines.  This results in wasted time for the nurses, and therefore unnecessary labor.

Patent Search

Research in the form of patent searches was performed to identify any products already in existence that are similar or identical to the one the team was trying to design.  This was accomplished via the United States Patent Office (http://patft.uspto.gov).  Current devices used to keep IV tubing separate generally consist of individual channels in parallel, into which tubes are placed and fixated (Appendix B).  While these simple devices keep the tubing separate, they fail to address the problems that arise from the excess length of the tubing, particularly entanglement.  
Design Constraints

Due to the environment in which the device will operate, a children’s hospital, there were several special requirements that applied to the organizer which may not be present in other settings.  One major constraint of the device is material.  The device must be composed of materials that are FDA approved.  Additionally, because it must be able to operate near an MRI scanner, it must not contain any magnetic metal.  Another issue is that the device will be used near children, who tend to play with objects, manipulating them in ways inconsistent with their intended use.  This means the organizer must be child-proof or placed out of the child’s reach.  The device need not be sterile, merely easy to clean if its condition were deemed necessary.  Also, it must allow room so that the patient is not harmed if the tubing were to be accidentally pulled.  It must be able to withstand further abuse such as accidental bumping, dropping, or other forces.  The device should be clearly labeled with cautionary warnings and operating instructions for additional safety.

Also considered were the performance requirements and target cost of the device.  The device must be disposable so that it can be discarded after the patient is discharged from the hospital.  Since IV tubes are changed about every three days, the organizer will need to accommodate such replacements at least a week, perhaps longer, for extended hospital stays.  The IV tubes must be allowed to connect to both the patient and the IV syringe pump (Figure 1).  Because the device will be used at least twice as long as the IV tubing, which costs about three dollars for an eight foot length, it is acceptable for its cost to double the tubing’s cost.  This establishes a target cost of between six and ten dollars.  If the device were to be fully implemented in the client’s operating environment, a minimum of 3,000 devices would be needed annually.
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Figure 1: IV Syringe Pump


Other important considerations are the ergonomics of the device.  The organizer must be small to limit obstruction and maximize space usage.  The device must weigh less than three pounds to increase mobility, allowing the device to be placed on a hospital bed or IV pole and permitting its transportation throughout the hospital.  The organizer/organizers should be easily identifiable or color coded so that the type of fluid being transmitted through one device is easy distinguished from the others.  It is critical that the device not occlude IV flow.   
Design Options

Our first proposal for an IV tubing organizer consists of a hollow cylindrical container with a removable cover and a stationary core (the core is affixed to the base of the container) (Figure 2).  To load, the cover is removed and the IV tubing from the syringe pump is manually wound around the core (Figure 3).  Winding is begun from this end (the piece closest to the pump) because this design only allows for tubing adjustments in one direction.  Each end of the tubing is positioned on a semicircular indent in the base.  A complementary set of indents on the cover creates two identical holes in the side of the container after the cover has been reattached to the base (one to supply tubing to the syringe pump and one to supply tubing to the patient) (Figure 4).  These holes will be large enough to prevent unwanted crimping of the IV tube.  The hollow cylindrical container is approximately three inches in diameter and one inch thick.
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Our second preliminary design is slightly more complicated.  This device is shaped like a spindle, with two flat side pieces attached to a central core.  A hand crank located on the front flat piece will be used to manually wind the IV tubing around the core.  This hand crank will operate with a simple gear mechanism enclosed within the core.  A notch cut into the back flat piece will allow the tubing from the syringe pump to be fitted directly to the core before winding is begun (Figure 5).  Like the first design, winding is begun from this end because this design only allows for tubing adjustments in one direction.  This notch will be large enough to prevent damage to the IV tubing, yet small enough to hold the line in place.  In order to wind the tubing around the core, the hand crank will be rotated a full 360( clockwise while the spindle is hand-held to remain stationary.  Tubing is prevented from unwinding in two ways; first, the tubing is lightly pinched through a second notch in the back flat piece, and second, the hand crank can be folded down while not in use, thus preventing rotation of the spindle (Figure 6).  The dual positioning of the hand crank also facilitates storage, as the crank fits snugly to the front flat piece.  If tubing must be unwound, as is necessary during replacements or readjustments, the hand crank is repositioned “up” and then rotated in the counter-clockwise direction until the desired length has been reached.  Like the first design, the spindle will be approximately three inches in diameter and one inch thick.  















Our third proposal is the most complicated of the three.  It will function very similarly to a retractable tape measure, as the IV tubing will be connected to an inner spring mechanism that will allow tubing to be extended as necessary and internalized while not in use (Figures 7 and 8).  The cover is removed, and the tubing is connected to the spring at a point that is very close to the pump.  Like the first two designs, this device only allows tubing adjustments to be made in one direction.  The tubing will be hand wound into a channel that surrounds the spring, with the user taking care to keep the spring uncompressed.  The tubing that runs to the patient is fed through a hole in the side of the device and the cover is then replaced.  When additional lengths of tubing are needed, IV tubing is pulled out and the spring mechanism undergoes compression.  A sliding lock is present on the side of the IV tubing hole and provides a slight pinch to the tubing to prevent it from being prematurely retracted.  When these lengths of tubing are no longer needed, the lock is discharged and the tubing is automatically rewound as the potential energy stored in the compression of the spring is released.  Because of the large potential energy of the spring, it must be covered with a plate to protect the user while the cover is removed (Figure 9).  This design is approximately three inches in diameter and one inch thick.














As mentioned earlier, patients are typically hooked up to multiple IV tubes and cords at a time.  This requires that an additional system for organizing the lines be constructed.  Because all three of our designs have the same basic shape, a single method can be used for storage.  The cylindrical containers can be placed side by side in a partitioned bin, and color coded for easier identification (Figures 10 and 11).  Each container can be accessed individually.



Proposed Design


Our second design will best fulfill the needs of our customer by providing a safe and efficient method for organizing entangled IV tubes.  Users will be able to adjust the length of IV tubing available to the patient much more quickly and easily, as no compartments will need to be opened or spring-attachments made.  Also, by exposing the tubing, any kinks will be seen immediately and corrected.  Safety is a major concern for our group, and our device must be able to withstand short term misuse by untrained personnel and abuse by the patient (a child).  The design of the second organizer prevents many safety hazards because all moving parts are kept internalized.  This device will be able to reliably retract and extend lengths of tubing over its life in service, as the gears will provide the durability necessary to withstand much more use and abuse than a leaf spring.  Also, if the organizer is dropped and actual breakage of the gears occurs, the core will contain the mess and keep the tubing free from punctures.  By using a mechanism to wind the tubing, the amount of force applied to the line can be easily regulated, thus ensuring that the tubing will be more loosely wound around the core and no occlusion of IV flow will occur.  No such assurance can be made with the other two designs.  The locking mechanism of the hand crank will best prevent both the accidental unwinding of the IV tubing from the spindle and the unintentional forceful removal of the tubing from the patient.  Construction cost would be nearly identical for the three proposals, costing slightly more for the spring loaded device.  Finally, this device will be easy to construct from materials other than metal, thus allowing for its use near MRI machines.  For production purposes, various gear sizes constructed of plastic will be already available for purchase from manufacturers.  

Although this is a much more complex system of organizing IV tubes than current devices available on the patent website, this design is very easy to use and will require very little training.  Additionally, this device will better address the issue of IV tubing entanglement than the use of parallel channels.

Potential Problems


One potential problem is that the tubing organizer cannot be made of magnetic materials.  Considering many commonly available materials used for strength and resilience are also magnetic, this makes it difficult to design a durable and reliable device, and limits the specific mechanisms that could be used to retract the tubing.  It also increases cost due to the fact that less common materials are more expensive.  Since plastic is probably the best alternative, molding such parts may be quite difficult, especially considering the team has no experience in that area.  The design of an efficient mechanism for loading the device could also prove to be problematic because opening the storage cover could expose internal parts to damage by the user.  
Future work


Over the rest of the semester, the team is going to design and agree upon a specific mechanism for manually retracting the IV tubing.  Concurrent with the design, research will be performed on the best materials for the intended application.  The team will then explore various means of acquiring the desired parts, including commercial and custom built parts.  After the components are constructed, they will be assembled into a prototype.  The prototype will be loaded with IV tubing, tested for retraction performance, ease of use, and safety.  It will then be refined as necessary.  When a working prototype is completed, it will be delivered to the client for environmental testing and, after any additional revisions, fully implemented with patients.
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Appendix A
Problem Design Specification
Team Members: Blake Hondl, Amit Mehta, Ryan Pope, Kristen Sipsma, April Zehm, Katie Zenker

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 weight is less of an issue.  A maximum weight of three pounds would be acceptable.
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: Ideally, the device should be color-coded to keep track of multiple IV lines.  The texture of the device should be smooth and should not possess 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.  A target cost of $6-10 should be acceptable since it will be used more than twice as long, on average, than the tubing itself. 

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 freedom so the patient is not injured if the IV tubing were to be 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, nor do current devices retract any length of tubing.

Appendix B

Patents for IV tube organizers
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Upchurch, 49 Hastings Way,
Covington, Tenn. 38019
[21] Appl No.: 209,710
[22] Filed: Mar, 14, 1994
[51] Imt. Cl6 A61IM 25/02
[52] U.S.CL 604/174; 24/543;
128/DIG. 36; 248/68.1; 604/180
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[57] ABSTRACT

An intravenous line separator system comprising a
cover plate having an upper surface, a lower surface, a
first end, and a second end, a plurality of U-shaped
grooves formed within the cover plate, a hinge pin
positioned within the first end of the cover plate, a
C-shaped locking element integral with the second end
of the cover plate; and a base plate having an upper
surface, a lower surface, a first end, and a second end, a
plurality of U-shaped grooves, the U-shaped grooves of
the base plate corresponding in number and position to
the U-shaped grooves of the cover plate, a hinge pin
receiving means positioned at the first end of the base
plate, the hinge pin of the cover plate adapted to be
received within the hinge pin receiving means, the
hinge pin and the hinge pin receiving means together
serving to pivotally interconnect the base plate and the
cover plate, a tongue locking element integral with the
second end of the base plate, the C-shaped locking ele-
ment adapted to receive the tongue locking element and
secure the cover plate to the base plate.
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604/174, 179, 180, 80: 12,8 /DiG 26, and intravenous therapy supply tubes (IV drug therapy) the
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(56) References Cited by a separating block that has a plurality of channels along
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the top and removably closed by a hook/loop fastening strap
across the top.
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(21) Appl. No.: 09/785,984 * cited by examiner
(22) Filed: Feb. 20, 2001 Primary Examiner—esley D. Morris
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(60) Provisional application No. 60/188,828, filed on Mar. 13, orney, Agent, or Iirm—lipton L. landa
2000. 57 ABSTRACT
7
(51) Int. CL7 e A61M 5/32 An intravenous administration lines fastening and identifi-
(32) US.Cl oo 694/ 179; 694/ 80; 128{ DIG. 6; cation device includes a hollow cylindrical fastening mem-
. 128/DIG. 26; 248/68.1; 248/74.1; 248/75 ber of resilient, flexible material. The cylindrical member
(58) Field of Search .........c.cccoccoceenennce 604/80, 93.01, has a full length longitudinal slit aperture. A plurality of tube
604/174, 178, 179, 180, 258, 539; 128/DIG. 6, holding members of resilient, flexible material, each with a
DIG. 26; 248/68.1, 74.1-74.5, 75, 80, 89, cylindrical bore, are secured to the outer surface of the
90; 211/60.1 hollow cylindrical fastening member opposite the fastening
. member longitudinal slit aperture. Each tube holding mem-
(56) References Cited ber bore axis is oriented perpendicular to the fastening

U.S. PATENT DOCUMENTS
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D243477 S 2/1977 Cutruzzula et al.

4,088,136 A 5/1978 Hasslinger et al.

4167211 A 9/1979 Haller

D260,850 S 9/1981 Greenblatt

D263,624 S 3/1982 Stenzler et al.

D265,508 S 7/1982 Rustebert

4397641 A 8/1983 Jacobs

member longitudinal cylindrical axis. The tube holding
members each have a full length slit aperture opposite the
fastening member, with the slit aperture accessing the hold-
ing member cylindrical bore. An identification marking
surface is present on the cylindrical member outer surface in
register with and adjacent each tube holding member for
identification of the IV tubing contents.
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IV POLE

70
PATIENT

MONITOR

Attorney, Agent, or Firm—Debra E. Dahl
57] ABSTRACT

The present invention provides a modular system for
mounting one or more medical devices on an IV pole at
a patient’s bedside. The system comprises a support
plate, and at least one modular interconnection recepta-
cle adapted to be detachably mounted on the support
plate and adapted to receive a medical device. In one
embodiment, the interconnection receptacle has electri-
cal connection means serving as an electrical conduit
between the medical device and a monitor. The means
for attaching the medical device to the interconnection
receptacle has a greater retention force than the means
for attaching the interconnection receptacle to the sup-
port plate. Thus, in response to a threshold force on the
patient line connected to the medical device, the inter-
connection receptacle breaks free of the support plate
while the medical device remains attached to the inter-
connection receptacle. This maintains fluid connection
to the patient and electrical connection to a monitor in
the case of a medical device, such as a pressure trans-
ducer.

13 Claims, 6 Drawing Sheets
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