Solution #2: Directive Flushing Device

	Needs Criteria
	Design Requirement
	Justification

	Entire Collection Drained after 1 Procedure
	Must Have

	
	Resolves clogs effectively by covering up all the side holes incrementally.6
	All side-holes must be flushed to effectively resolve clogs and flushed side-holes should be blocked so that flushing fluid can reach the side holes that haven’t been flushed and declogged yet.

	
	Inclusion of the inner tube still allows larger tissue chunks to be drained.
	Abscesses often include chunks of tissue/cellular matter of varying sizes that will need to be drained for the entire collection to be considered drained. The inner tube must not narrow the diameter to the point that these chunks won’t drain after 1 procedure.

	
	Nice to Have

	
	Feedback mechanism to reliably show if side-holes are unclogged
	Allows patients to know if they should further extend the device or keep flushing the current holes.

	Drain Variety of Fluids
	Must Have

	
	Successfully drain and unclog the tube when used with fluids as thin as water and as thick as pus with tissue fragments/blood clots.
	Fluids drained from abscesses can vary significantly in terms of viscosity and the solution should be effective across a range of viscosities to be able to support as many patients as possible.

	
	Nice to Have

	
	Tubing material that is smooth
	Fluid will flow more easily in a device made from a smooth material - less likely to stick.

	Simple Use
	Must Have

	
	Mechanism to extend the tube that does not require high levels of dexterity or skill to use.
	The patient will be able to extend the distal end of the device by doing a simple motion like turning a dial or pushing a button, which is a simple motion for patients to perform and shouldn’t require learning new skills.

	
	Easy instructions that explain how to use the device.
	Nurses and patients who will be using the device would benefit from easy-to-understand instructions so that they know how to use the device correctly and consistently.

	
	Nice to Have

	
	Extension mechanism with ticks and locks for each increment of extension
	The patient will be able to extend the distal end of the device by turning the gear or pushing a button until it locks at certain increments, giving the patient auditory and tactile feedback about where the device is in the tube.

	Easily integrated in physician workflow
	Must Have

	
	Be able to fit into currently used drainage catheters10
	Will only have to insert devices into currently used devices (8-22 French, initial solution will be focused on 14-16F) and will not change the procedure or devices going forward.

	
	Nice to Have

	
	Same attachment ports as current catheters.
	Would be easier to implement if attachment mechanisms (luer locks) currently used in catheters were used in anything the device includes that attaches onto the proximal end of the drain.

	Drainage Time
	Must Have

	
	Insertion of the device must not increase drainage time by more than 20%. 16
	The device should aim to minimize any additional duration required for the patient to have a catheter inserted into their body.

	
	Nice to Have

	
	Drainage time is decreased by less than 10%.16
	The device has a minimal effect on additional drainage time due to a decreased lumen size. 

	Address clogs along length
	Must Have

	
	Device extends throughout the entire length
	The saline will be able to flush throughout the entire length if the device blocks all the holes, allowing for traditional flushing along with the targeted flushing of the side holes

	
	Nice to Have

	
	Sensor to determine if clog is cleared
	Will be helpful to the patient to know if the flushing procedure was effective.

	No dislodgement
	Must Have

	
	Material that is flexible enough to extend and take shape of pigtail11
	Allows for implementation into pigtail catheters that prevent dislodgement.

	
	External components of the device must not be too bulky.17
	Adding more bulk to the external portion of the catheter and drainage bag increases the likelihood that some component of the drainage system will snag on something as the patient goes about their day, increasing risk of dislodgement.17

	
	Nice to Have

	
	Easy to use locking mechanism to attach the device to the outer catheter
	Ensure the device does not dislodge from the drainage catheter.

	Comfort
	Must Have

	
	Be able to fit into currently used drainage catheters (8-22 French)
	The device will be inside the drainage catheter and will not significantly contribute to the discomfort of the patient, including when it is being extended and retracted.

	
	External components of the device must not add excessive weight or bulk to the apparatus attached to the patient.17
	Adding more weight/bulk will put more strain on the patient’s skin/tissues, potentially leading to increased patient discomfort.17

	
	Nice to Have

	
	Flexible material
	The device does not resist bending of the drainage catheter, which could cause patient discomfort.

	Price 
	Must Have

	
	Cheaper or equally expensive to the price of drain change.
	Must serve its purpose of unclogging drains and not requiring patient to spend more money than if they just got their drains exchanged

	
	Nice to Have

	
	Cheaper than visiting the IR to get the drain assessed and unclogged (not getting drain exchange)
	Would have less of a financial burden on hospital resources and on the patient if a hospital visit is not required.
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