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EXECUTIVE SUMMARY 
In order to address the significant clinical need to reduce vein bypass graft failure, researchers have begun to focus on the delivery of prophylactic therapies after vein graft harvest but prior to graft transplant. Homogeneous delivery of these therapeutics throughout the target tissue is limited by the diffusional barriers presented by the luminal and adventitial surfaces of the graft vessel. 
To address this limitation, we are developing a pressurization device to be utilized to improve therapeutic delivery into the vessel wall without causing significant vessel distension. A pressure gradient will be induced from the lumen to the adventitial surface of the vessel, to drive therapy permeation into the target tissue--the intima and media of the graft vein.  
Static pressure has been utilized to deliver therapeutic drugs to grafts with promising results. However, our dynamic pressure system will allow for faster, more efficient permeation of the target tissue. 
[bookmark: _GoBack]The current method of drug delivery into veins is achieved through passive diffusion. The vein is placed into a drug solution bath for a set time before being implanted into the body. The problem with this method is that full diffusion through the vein takes a long time so efficacious doses are only achieved at the outside and inside wall of the vein. Our pressurization device is different from a passive approach because it actively pushes drug into the vein to increase the speed of drug profusion for effective delivery throughout the vein.
We are in the process of prototyping and testing our device. Several tests will be performed on tissue samples to determine the safety and efficacy of this device.  This device will also need to go through a premarket approval process with the FDA since is there is no other devices similar to it in the market currently.
      	We do not expect the hospital to be reimbursed by Medicare or Medicaid. Their purpose is to reimburse costs incurred by the patient, thus they would not provide reimbursement to the hospital for any one-time equipment costs such as the purchase of our device. 
Our product will be marketed to vascular surgeons across the United States. Currently, there are over 3,300 surgeons who perform an average of 300 vascular bypass surgeries in one year. Because of this great need, we will target these individuals as well as the surgery centers they operate at. Additionally, the cost of our system for an entire year’s worth of operations will be $15,000. This ends up costing roughly $50 per surgery. 
PROBLEM
Each year, thousands of people receive vascular bypass surgery, a procedure that reroutes the blood flow of a patient around a blocked artery. If left untreated, the artery could fill with plaque preventing the proper flow to oxygenate the surrounding tissue (“Surgical”). Although the vascular bypass surgery is often successful, 2 out of 100 people will need another surgery within 5-years and 7 out of 100 will need another after 10 years (Healthwise). These repeated surgeries are often caused by vascular graft failure. Our product could lessen this risk of mechanical failure and help thousands of patients from having to undergo additional, serious procedures.  
OBJECTIVE STATEMENT
In order to address the considerable clinical need to improve the patency of vein bypass grafts, our team intends to develop a pressurization device that will improve the delivery of therapeutic drugs into the target tissue of the vessel after harvest but prior to graft transplant. A pressure gradient will drive the drugs from the lumen of the vessel into its target intima and media tissues. In order to prevent distension that causes endothelial tissue damage, the vessel will be contained in 7 mm dialysis tubing. The tubing will prevent overdistension of the vessel, and it will allow the therapy to flow through its pores, causing an optimal pressure gradient within the vessel. One end of the vessel-tubing system will be clamped to prevent outflow, and the other will be attached to a cannula that will force the therapy through the lumen of the vessel at a specified flow rate. A pressure release valve will be used to control this flow rate to ensure the pressure within the vessel does not exceed 300 mmHg, above which is damaging to the tissue. After a specified amount of time, during which the therapy has been delivered to its target tissue, the vessel can be removed from our device and used implanted as a graft.
DOCUMENTATION OF FINAL DESIGN
[image: ]



















PROTOTYPE OF FINAL DESIGN
TESTING
Promising therapies exist that show promise to prevent graft failure through improved patency, but the homogenous delivery of these therapies to the target tissue is limited by diffusional barriers at the surfaces of the graft vessels. In a recent PREVENT clinical trial, scientists utilized static pressure seeding to deliver M2K inhibitor to grafts. Our device design will improve upon this method with the integration of convectional flow of the therapeutic drug through the tissue, driven by pressure gradients. 
	In order to test the efficacy and safety of our device, we will be performing several pre-clinical tests. The optimal dialysis tubing pore size must first be determined in order to induce the necessary flow rate and pressure gradient. We will be testing 10 mm flat width dialysis tubing of different pore sizes, ranging from 25 kDa to 100 kDa, in order to decide which dimensions will work well with our device design. Once the dialysis tubing has been decided upon, we will move on to testing our device on residual vein tissue from bypass surgeries performed at the Vanderbilt Medical Center. The tissue samples will undergo treatment using our device, and then we will perform several viability measurements to determine the histology, smooth muscle alignment, and endothelium presence. These tests will indicate if the tissue has been damaged during the pressurization. In order to determine if the drug is permeating the target tissue, we will use the device to drive a solution containing fluorescent molecules of the same size as the M2K inhibitor into the tissue. By exciting those molecules after treatment, we will be able to determine what parts of the vessel are being permeated. Treatment time adjustments can be made according to this data.

CURRENT COMPETITION
	Patent and prior art search performed using Total Patent by LexisNexis at the Vanderbilt CTTC on October 29th 2015.
	Search Number
	Input
	Number of Hits

	1
	TITLE-ABST-CLAIM((vein AND bypass AND drug AND delivery))
	90

	2
	TITLE-ABST-CLAIM((vein AND bypass AND PREssure AND drug AND delivery))
	41

	3
	TITLE-ABST-CLAIM((PREssure AND drug AND delivery)) 
	11972

	4
	TITLE-ABST-CLAIM((PREssure AND drug AND delivery AND graft)) 
	426

	5
	TITLE-ABST((vein AND bypass AND PREssure AND drug))
	0

	6
	TITLE-ABST((vein AND bypass AND PREssure AND delivery)) 
	9

	7
	TITLE-ABST((PREssure AND drug AND delivery))
	2452

	8
	TITLE-ABST((vein AND PREssure AND drug AND delivery)) 
	18



From this initial patent search, we were unable to find any prior art that was similar to our vein bypass pressurization device.  Specifically, we went through all results from searches 5, 6 and 8.  Additionally, there were no other similar devices currently on the market that we could find.  This means that there is no medical device competitor that we were able to find in this market space.  The current incumbent technology is simply placing a vein in a drug solution to allow delivery through passive diffusion.  Paper discussing delivery of drugs into veins with pressure have been published though.  This could mean that others may be trying to file for a patent or have already received a provisional patent that doesn’t show up during our searches.  This could mean that a device that performs a function similar to ours might be under development, but there is no documentation of the progress or intellectual property.
REGULATORY PATHWAY
Looking at the risks posed by the use of a pressurization device on a bypass vein, there could be an increased risk failure associated with pressurization before reimplantation.  This could be caused by applied distention on the vein that leads to irreparable damage to the smooth muscle wall.  Currently though, the rate of failure for saphenous bypass grafts without pressurization treatment can be up to 50% which means the need for removal and replacement is very high as it is (Sabik III).  This bypass failure however has been shown to not be associated with death and/or myocardial infarction (Lopes et. al).  This means that even if the failure rate were to increase due to pressurization of the vein, failure rate is already high but it isn’t associated with deadly side effects so from a safety standpoint, it should be classified as a 510k.  Additionally, any technology analogous to a vascular bypass graft pressurization device hasn’t been approved by the FDA yet which means this technology must go through the PMA process.  If any technology similar to this gets approved by the FDA however before you need market approval, this device should fall under 510k.
REIMBURSEMENT
We do not expect our device to be reimbursable by Medicare/Medicaid.  As the device would be reusable, the cost would be incurred by the hospital under which the surgeon is employed.  No cost would be incurred by the patient.  The purpose of both Medicare and Medicaid is to reimburse costs incurred by the patient, and thus would not provide reimbursement to the hospital for any one-time equipment costs such as the purchase of our device.  Although our device is intended to improve the success rate of vascular bypass graft surgeries, it does not cause any monumental change in the procedure.  Our device is not implantable and does not directly treat the patient.  Medicare and Medicaid are likely to reimburse for the procedure itself, but not for the hospital’s cost of our device.  


MANUFACTURING COSTS
	MATERIAL COST
	
	
	

	Material
	Quantity
	Cost
	
	COST PROJECTION

	Dialysis Tubing
	300
	3213
	
	Total units =
	300

	Clamps
	600
	4320
	
	Material Cost
	8944.17

	Pressure Valve
	1
	163.82
	
	Labor Cost
	3562.5

	Cannula
	300
	847.35
	
	Total Cost
	12506.67

	Pressure Pump
	1
	400
	
	Cost Per Unit
	41.6889

	
	Material Cost
	8944.17
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	MANUFACTURING TIME
	 
	
	

	Time
	Minutes
	Total Time (Minutes)
	Hours 
	
	

	Technician
	20
	6000
	100
	
	

	Quality Check
	10
	3000
	50
	
	

	
	
	
	
	
	

	LABOR COST
	
	
	

	Employee Type
	Cost per Hour
	Cost per Employee
	
	
	

	Technician
	20
	2000
	
	
	

	Quality Engineer
	31.25
	1562.5
	
	
	

	
	Labor Cost
	3562.5
	
	
	



POTENTIAL MARKET
In order to make this product a commercial success, there are several factors about the market that we need to understand. These include determining who will be purchasing and utilizing our product as well as the price and marketing plan to ensure that our product is helpful to the consumer as well as profitable.
Our pressurized system will be utilized in vascular bypass surgeries across the United States and later the globe. This means that our target market are purchasing committees in hospitals that conduct vascular surgeries. The final decision on purchasing for a surgical procedure comes from a joint decision between key employees of the surgical facility as well as the surgeon who actually will be using the pressurized device. There are roughly 3,400 vascular surgeons in the United States (Go). On average, these surgeons perform 300 operations per year. This means that there are over 1 million procedures each year producing a large market for our product to infiltrate. Due to mechanical failure, many of these procedures are for repeat patients. Surgeons would find our product attractive because this would lead to less time spent redoing a patient’s procedure and time for face-to-face post-op patient care to ensure that their needs are met and their recovery is smooth. For an entire year’s worth of surgeries the product will cost $15,000 which translates to $50 per surgery.
In order to market the pressurized device, we would advertise to several key players. First and foremost, we would do direct product advertisement to surgery centers and surgeons through lectures at surgical conventions. If we were to obtain the testimony of someone who utilizes our product and have them present on it, many surgeons would see the benefits of our device and have it come from a source that they trust. Next, we would contact surgical learning centers and educate them about our product. Often times, surgeons will stick with the techniques and the product lines that they utilize in these centers. If we infiltrated this market as soon as possible, we could create a generation of future surgeons that would support our product for decades to come.
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