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SYSTEM AND METHOD FOR AVGs and other graft devices for mammalian patients . 
MANDREL - LESS ELECTROSPINNING Desirably , the devices will improve long term patency and 

minimize surgical and device complications . Developing a 
CROSS - REFERENCE TO RELATED reliable means to prevent the early events of the IH process 

APPLICATION 5 and other luminal narrowing responses can contribute to 
improvements in the outcome of arterial bypass and other This application is a continuation of U . S . application Ser . graft procedures . Therefore , systems and methods are pro 

No . 13 / 997 , 933 , filed Aug . 8 , 2013 , which is a National vided for electrospinning a fiber matrix on a tubular member . Phase of International Application No . PCT / US2011 / For example , a tubular member can be wrapped with the 066905 , filed Dec . 22 , 2011 , which claims benefit of priority Y 10 fiber matrix . The tubular member can be , for example , to U . S . Provisional Application No . 61 / 427 , 993 , filed Dec . harvested from a human being or animal , such as , a vein , 29 , 2010 , each of which are incorporated by reference herein 
in their entirety . artery , urethra , intestine , esophagus , trachea , bronchi , ureter , 

duct , or fallopian tube . The tubular member can be , for 
FIELD OF THE INVENTION example , an artificial graft , compatible for use within the 

15 body of a patient . The tubular member is wrapped with a 
The invention relates generally to systems and methods covering such as a fiber matrix , typically with a durable or 

for mandrel - less electrospinning , and more particularly , to biodegradable ( also referred to as bioerodible or bioresorb 
systems and methods for mandrel - less electrospinning a able ) polymer about a circumference of the tubular member . 
fiber matrix on a tubular member , such as , for example , a The fiber matrix can be deposited on the tubular member 
vein or artificial graft . 20 by electrospinning . Typically , electrospinning involves 

insertion of a mandrel into the tubular member to support or BACKGROUND OF THE INVENTION hold open the tubular member while also providing a 
charged surface for creation of an electrical potential . The Coronary artery disease , leading to myocardial infarction mandrel may also be used to transmit motion to the tubular 

and ischemia , is a leading cause of morbidity and mortality , mortality 25 member , such as translational or rotational motion . The worldwide . Conventional treatment alternatives consist of mandrel usually is a mechanical device and oftentimes it is percutaneous transluminal angioplasty , stenting , and coro rigid . For example , the mandrel can be a cylindrical rod . A nary artery bypass grafting ( “ CABG ” ) . CABG can be car rod - type mandrel can be difficult to insert and / or remove and ried out using either arterial or venous conduits and is an 
effective and widely used treatment to combat coronary can damage the tubular member , such as a vein , directly . In 
arterial stenosis , with nearly 500 , 000 procedures being per - 30 30 addition , prior types of mandrels do not provide for any type 
formed annually . In addition , there are approximately of pressure control along the length of the tubular member . 
80 , 000 lower extremity bypass surgeries performed annu Moreover , prior types of mandrels do not easily adapt to 
ally . The venous conduit used for bypass procedures is most different lengths or sizes of tubular members as multiple 
frequently the autogenous saphenous vein and remains the mandrels are required to accommodate different lengths and 
graft of choice for 95 % of surgeons performing these bypass 35 sizes of tubular members . Therefore , the system and method 
procedures . According to the American Heart Association , in for electrospinning a fiber matrix onto a tubular member of 
2004 there were 427 , 000 bypass procedures performed in the present invention can use a fluid source to provide a fluid 
249 , 000 patients . The long term outcome of these proce - mandrel . An advantage of utilizing a fluid mandrel is the 
dures is limited due to occlusion of the graft vessel or provision of a less forceful contact between the tubular 
anastomotic site as a result of intimal hyperplasia ( “ IH ” ) , 40 member and the mandrel than provided by a mechanical 
which can occur over a timeframe of months to years . type of mandrel . In addition , a fluid mandrel allows for 

Development of successful small diameter synthetic or pressure adjustment across the length of the tubular member tissue engineered vascular grafts has yet to be accomplished allowing for a better match between the mandrel and the and use of arterial grafts ( internal mammary , radial , or tubular member than a mechanical type of mandrel . In gastroepiploic arteries , for example ) is limited by the short 45 addition , a fluid mandrel can allow drugs or other agents to size , small diameter and availability of these vessels . be delivered to and / or embedded in the vein itself , providing Despite their wide use , failure of arterial vein grafts a localized agent delivery method . ( “ AVGs ” ) remains a major problem : 12 % to 27 % of AVGS In one aspect , features a system for electrospinning a fiber become occluded in the first year with a subsequent annual 
occlusive rate of 2 % to 4 % . Patients with failed arterial vein matrix on a tubular member . The system includes at least one 
grafts ( AVGs ) can die or require re - operation . 50 nozzle and a tubular member in a spaced relationship to the 

IH accounts for 20 % to 40 % of all AVG failures within the at least one nozzle . The system also includes a fluid source 
first 5 years . Several studies have determined that IH devel - for pressurizing a lumen of the tubular member . An electrical 
ops , to some extent , in all mature AVGs and this is regarded potential is applied between the at least one nozzle and either 
by many as an unavoidable response of the vein to grafting . the tubular member or fluid from the fluid source . The 
IH is characterized by phenotypic modulation , followed by 55 electrical potential draws at least one fiber from the at least 
de - adhesion and migration of medial and adventitial smooth one nozzle to the tubular member . 
muscle cells ( “ SMCs ” ) and myofibroblasts into the intima In another aspect , features a method for depositing a fiber 
where they proliferate . In many cases , this response can lead matrix on a tubular member . The method includes providing 
to stenosis and diminished blood flow through the graft . It is a tubular member , providing a fluid source , for example an 
thought that IH may be initiated by the abrupt exposure of 60 electrically conductive or dielectric fluid source , pressuriz 
the veins to the dynamic mechanical environment of the ing a lumen of the tubular member with fluid from the fluid 
arterial circulation . source , charging the tubular member and / or the fluid , and 

electrospinning a fiber matrix on the tubular member . 
SUMMARY In another aspect , features a method for depositing a fiber 

65 matrix on a tubular member . A tubular member is inserted 
For the above and other reasons , a need has been identi - into an apparatus for applying an electrospun fiber matrix . A 

fied for devices and methods that can provide enhanced first portion of an electrospun fiber matrix is applied . A 
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pressure is applied to the inside of the tubular member , and ment pump . The displacement pump can be a peristaltic 
the tubular member elongates to a desired pressurized pump , a piston pump or a diaphragm pump . 
length . The tubular member is secured at a length different In some embodiments , the fluid forming the fluid mandrel 
than its starting length , and another portion of the electro - is recirculated . In some embodiments , the fluid forming the 
spun fiber matrix is applied . 5 fluid mandrel is not recirculated . 

In yet another aspect , features a method for depositing a The fluid mandrel can have a lower voltage than the 
fiber matrix on a tubular member . The tubular member is nozzle to create the electrical potential . The fluid mandrel 
inserted into an apparatus for applying an electrospun fiber can have a voltage of about – 5 kV ( e . g . , - 10 kV , - 9 kV , - 8 
matrix . A pressure is applied to the inside of the tubular kV , - 7 kV , - 6 kV , - 5 kV , - 4 . 5 kV , - 4 kV , - 3 . 5 kV , - 3 kV , 
member , and the tubular member is allowed to elongate . The 10 - 2 . 5 kV , - 2 kV , - 1 . 5 kV , - 1 kV ) and the nozzle can have a 
tubular member is secured at a length different than its voltage of about + 15 kV ( e . g . , 2 . 5 kV , 5 kV , 7 . 5 kV , 12 kV , 

13 . 5 kV , 15 kV , 20 kV ) . starting length . Pressure is reduced within the tubular mem The tubular member can have a lower voltage than the ber and the tubular member is allowed to reduce in diameter nozzle to create the electrical potential . The tubular member 
while approximately maintaining the pressurized length . A 15 can have a voltage of about - 5 kV ( e . g . - 10 kV . - 9 kV . - 8 
fiber matrix is applied around the tubular member . kV , - 7 kV , - 6 kV , - 5 kV , - 4 . 5 kV , - 4 kV , - 3 . 5 kV , - 3 kV , 

The systems and methods described herein can include - 2 . 5 kV . - 2 kV . - 1 . 5 KV . - 1 kV ) and the nozzle can have a 
one or more of the following described features . voltage of about + 15 kV ( e . g . , 2 . 5 kV , 5 kV , 7 . 5 kV , 12 kV , 

In some embodiments , the pressure applied to the inside 13 . 5 kV , 15 kV , 20 kV ) . 
of the tubular member is approximately the same as arterial 20 In some embodiments , the fluid source is charged . A 
pressure , such as the patient ' s arterial pressure . The pressure power supply can be connected to at least one of the first and 
applied to the inside of the tubular member can be approxi second plugs . Power can be transferred from the power 
mately the same as venous pressure , such as the patient ' s supply to the fluid or tubular member by a metal wire . In 
venous pressure . The pressure applied to the inside of the some embodiments , two different fluids are used . The first 
tubular member can be lower than the arterial pressure . The 25 fluid can be a non - conductive fluid configured to provide a 
luminal pressure applied within the tubular member can be supporting force to the tubular member , and the second fluid 
negative relative to the outside of the tubular member . can be a conductive fluid used to deliver a charge to the 

In some embodiments , fluid from the fluid source , when external surface of the tubular member . 
used to pressurize the lumen of the tubular member , forms In some embodiments , the system also includes at least 
a fluid mandrel within the tubular member . The fluid source 30 one motor in communication with at least one of the first or 
can pressurize the lumen of the tubular member at a pressure second plugs . The motor can be configured to rotate at least 
of approximately 20 mmHg . In some embodiments , the fluid one of the first or second plugs . The at least one motor can 
source pressurizes the lumen of the tubular member at a be in direct communication with at least one of the first or 
pressure between about - 30 mmHg and about 100 mmHg . second plugs . In some embodiments , the at least one motor 
The fluid source can pressurize the lumen of the tubular 35 is in indirect communication with at least one of the first or 
member at an approximate pressure selected from the group second plugs through at least one of a belt , a gear , or a wheel . 
consisting of : 5 mmHg , 10 mmHg , 15 mmHg , 20 mmHg , 25 The at least one motor can rotate either the first or the second 
mmHg , 30 mmHg , 35 mmHg , and 40 mmHg . In some plug . In some embodiments , the at least one motor rotates 
embodiments , the fluid source pressurizes the lumen of the both the first and the second plug . A first motor can rotate the 
tubular member with a varying pressure . The varying pres - 40 first plug and a second motor can rotate a second plug . 
sure can approximate an arterial pressure . The varying The system ( and / or methods ) can also include a weight or 
pressure can be less than an arterial pressure . The varying other force imposing mechanism connected to the second 
pressure can be between a venous pressure and an arterial plug , for example , to control the magnitude of longitudinal 
pressure . tension applied to the tubular member . The at least one 

The system ( and / or methods ) can also include a first plug 45 motor can be in communication with the first plug and the 
inserted at a first end of the tubular member and a second at least one motor can be configured to rotate the first plug . 
plug inserted at a second end of the tubular member to create In some embodiments , the system for electrospinning and 
a system for providing a fluid mandrel . In some embodi - the tubular member are in a horizontal configuration . The 
ments , at least one of the first or second plugs rotate . The system for electrospinning and the tubular member can 
first and second plugs can be disposable . At least one of the 50 alternatively or additionally be in a vertical configuration . 
first and second plugs can include a flow valve . In some At least one weight can be connected to at least one of the 
embodiments , the flow valve is a duck bill valve . The flow first or second plugs . The at least one weight can provide a 
valve can control a flow of the fluid mandrel such that the tension force to the tubular member , for example , a prede 
fluid mandrel flows in only a single direction . In some termined and / or constant tension force . The at least one 
embodiments , the tubular member is a vein and the single 55 weight can comprise a fixed mass . The at least one weight 
direction is the same as a venous valve direction of the can comprise a tensioning mechanism . A force transducer 
tubular member . The first and second plugs can be sealed to can be disposed on the at least one plug , weight or other 
the tubular member using at least one of an adhesive , system component in tension . The force transducer can be 
circumferential clamp , inflatable toroidal balloon or a suture . configured to detect a force applied to the tubular member by 

In some embodiments , the fluid mandrel is comprised of 60 the at least one weight . The force can be a tensional force . 
a stagnant fluid . The fluid mandrel can be comprised of a The system ( and / or methods ) can also include a synchro 
flowing fluid . The fluid can flow is a single direction . In nous drive system configured to rotate at least one of the first 
some embodiments , the fluid flows in a first direction and a or second plugs . The synchronous drive system can prevent 
second direction . twisting of the tubular member . In some embodiments , the 

The system ( and / or methods ) can also include a pump to 65 synchronous drive system is a timing belt system . 
flow the flowing fluid . In some embodiments , the pump The fluid source can include a biologically compatible 
comprises a syringe , a hydrostatic head pump , or a displace fluid , an electrically conductive fluid , and / or a dielectric 
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fluid . The fluid source can comprise a first fluid and a second controlled such that the fluid mandrel flows in only a single 
fluid . The first fluid can comprise a non - conductive fluid and direction through the tubular member . The first and second 
the second fluid can comprise a conductive fluid . In some plugs can be sealed to the tubular member . In some embodi 
embodiments , the electrically conductive fluid is an electro ments , the tubular member is rotated . 
lyte solution . The electrically conductive fluid can include 5 In some embodiments , a tensioning force is applied to the 
saline , heparinized saline , ringers solution , and any combi - tubular member during electrospinning with a fluid mandrel . 
nation thereof . The fluid source can include a phase change The tension force can help prevent kinking or distortion of 
material . The phase change material can be a material the geometry and / or shape during rotation of the tubular 
selected from the group consisting of : a pluronic gel ; an member . In some embodiments , the geometry of the tubular 
electro - rheological fluid ; a non - Newtonian fluid character - 10 member is controlled by controlling a pressure of the fluid 
ized by changes in viscosity ; and combinations of these . The mandrel exerted on an inside surface of the tubular member . 
phase change material can change phases based on one or 
more of : a temperature change , a pressure change , an BRIEF DESCRIPTION OF THE DRAWINGS 
electro - magnetic field ; a level of shear rate applied or in 
response to a vibrational state ; and combinations of these . 15 The advantages of the systems and methods described 

In some embodiments , the tubular member is a saphenous herein , together with further advantages , may be better 
vein graft or other living tissue . The living tissue can include understood by referring to the following description taken in 
a vein , an artery , a lymphatic duct , a vas deferens , a tear conjunction with the accompanying drawings . The drawings 
duct , an intestine , an esophagus , a ureter , a urethra , a trachea , are not necessarily to scale , emphasis instead generally 
a bronchial conduit , a duct tissue , a Eustachian tube , a 20 being placed upon illustrating the principles of the technol 
fallopian tube and any combination thereof . In some ogy . 
embodiments , the tubular member is an artificial tubular FIG . 1 is a schematic illustration of an example electro 
member . The artificial tubular member can include polytet - spinning system . 
rafluoroethylene ; expanded polytetrafluoroethylene ; polyes - FIG . 2 is a schematic illustration of an example electro 
ter ; polyvinylidene fluoride / hexafluoropropylene ; silicone ; 25 spinning system including a synchronous drive system . 
polyethylene ; polypropylene ; polyester based polymer ; ther - FIG . 3A is a schematic illustration of an example tubular 
moplastic rubber ; polylactic acid / poly - L - lactide ( “ PLA member without an applied pressure . 
PLLA " ) , polyglycolic acid ( “ PGA ” ) , polycaprolactone FIG . 3B is a schematic illustration of an example tubular 
( “ PCL ” ) , and relative copolymers ; collagen ; elastin ; gly - member with an applied pressure . 
cosamminoglycans ; proteoglycans ; and any combination 30 FIG . 4A is a schematic illustration of an example elec 
thereof . trospinning system including a tensioning weight configured 

In some embodiments , a pharmaceutical drug or other for a vertical position . 
agent is included in the fluid source . Cells can be included FIG . 4B is a schematic illustration of an example elec 
in the fluid source . trospinning system including a tensioning weight configured 

In some embodiments , a pressure sensor is in communi - 35 for a horizontal position . 
cation with the fluid mandrel . The pressure sensor can be FIG . 5 is a flow chart of an example method for depositing 
configured to measure a pressure the fluid mandrel exerts on a fiber matrix on a tubular member . 
the tubular member . A pressure control system can be in 
communication with the fluid mandrel . The pressure control DESCRIPTION OF THE INVENTION 
system can be configured to monitor or control the pressure 40 
of the fluid mandrel . The pressure control system can control In general , electrospinning is a process that uses an 
a geometry of the tubular member . The geometry controlled electrical charge to draw a fiber , typically from a stream of 
by the pressure control system can be an outer diameter of solution comprised of a polymer dissolved in a solvent , 
the tubular member . In some embodiments , the pressure dispensed through a source , for example a nozzle . The fibers 
control system can vary the geometry of the tubular member 45 that are produced from the electrospinning process are 
based on a location , such as a current location , of the at least typically on the micro or nano scale . When a voltage is 
one nozzle . The pressure control system can apply a tension applied to a liquid meniscus facing the outlet of the nozzle 
or other force to the tubular member . and being replenished by an upstream flow , the liquid 

The at least one fiber can include a polymer . The polymer becomes charged . This charge causes electrostatic repulsion 
can be a natural polymer , a synthetic polymer and any 50 which counteracts the surface tension of the liquid . The 
combination thereof . The natural polymer can be a silk , liquid stream is attenuated and extruded and at a critical 
chitosan , collagen , elastin , alginate , cellulose , polyalkano - point . The stream dissociates into many other streams and is 
ate , hyaluronic acid , gelatin , and any combination thereof . driven by the same electrostatic repulsion from a source 
The synthetic polymer can be a homopolymer , heteropoly such as a nozzle toward a target , for example , a substrate . 
mer , co - polymer , block polymer , and any combination 55 Typically , streams dry significantly before the resulting 
thereof . fibers are deposited on a substrate . The electrospinning 

The method ( and / or systems ) can also include flowing the process can be used to electrospin a fiber matrix onto a 
fluid through the tubular member from a first end of the tubular member . 
tubular member to a second end of the tubular member . The FIG . 1 shows an electrospinning system 100 that includes 
fluid can be recirculated from the second end of the tubular 60 at least one nozzle 105 , a tubular member 110 , and a fluid 
member to the first end of the tubular member . The fluid can source ( not shown ) . The tubular member 110 is in a spaced 
oscillate in alternate directions within the tubular member . relationship from the nozzle 105 . For example , the tubular 
The fluid can be disposed at the second end of the tubular member 110 can be above or below the nozzle 105 . In some 
member . embodiments , the tubular member 110 is located to the right 

A first plug can be inserted in a first end of the tubular 65 or left of the nozzle 105 . The distance between the tubular 
member and a second plug can be inserted into a second end member 110 and the nozzle 105 can be , for example , about 
of the tubular member . The flow of the fluid mandrel can be 5 cm to about 25 cm . Alternatively , multiple nozzles ( not 
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shown ) , for example nozzles of similar or dissimilar con process can be harsh and can result in the degradation of the 
figurations , can be positioned in various orientations relative drug or agent . Therefore , in some embodiments , the phar 
to the tubular member . Two or more of the multiple nozzles maceutical drug or other agent is included in the fluid 
can deliver fibers to the tubular members simultaneously , or source , which prevents the drugs or other agents from being 
sequentially . 5 placed in the harsh electrospinning environment . This con 

The fluid source can pressurize a lumen of the tubular figuration can allow the drug or other agent to be delivered 
member 110 . To pressurize the lumen of the tubular member directly to the tubular member or vein and can provide more 
110 , fluid from the fluid source can be delivered to the efficient , targeted use of the drug or other agent . Examples tubular member by a delivery tube 115 . When fluid from the of drugs that can be introduced include , without limitation , fluid source is used to pressurize the lumen of the tubular 10 
member 110 , the fluid forms a fluid mandrel within the time release drugs , anti - clotting drugs ( e . g . , heparin , aspirin 

and clopidogrel ) , vasoactive drugs and molecules such as tubular member 110 . In some embodiments , fluid pressures nitric oxide ( “ NO ” ) , carbon monoxide ( “ CO ” ) , papaverine , range between about - 30 mmHg and 100 mmHg , such as a 
fluid pressure of about 20 mmHg . In some embodiments , epinephrine and sodium nitroprusside , antibiotics , anti - pro 
fluid pressures approximate values selected from the group 15 liferative agents , or analgesics ( e . g . acetaminophen , 
consisting of : 5 mmHg , 10 mmHg , 15 mmHg , 20 mmHg , 25 naproxen , ibuprofen ) . In some embodiments , cells ( from 
mmHg , 30 mmHg , 35 mmHg , or 40 mmHg . Fluid from the autogenous or allogeneic sources ) such as endothelial cells , 
fluid source can pressurize the lumen of the tubular member mesenchymal stem cells , endothelial progenitor cells , 
110 with a varying pressure , such as a pressure that has a hematopoietic stem cells , bone marrow - derived progenitor 
similar waveform to physiologic pressures , for example 20 cells , other adult stem cells , or embryonic stem cells are 
arterial pressure , or a waveform similar to but of lesser included in the fluid source . When the tubular member is a 
magnitude than an arterial pressure waveform . The pressure living tissue , cell treatment can help replenish the various 
waveform can be between normal venous pressure and cellular constituents of the tissue , or repair or remodel the 
normal arterial pressure . tissue . The delivery of either stem cells , or fully differenti 

The fluid source can comprise a variety of different 25 ated adult cells via the fluid source , can provide biological 
materials . For example , the fluid source can comprise hepa - support to the tubular member . Specifically , in the case of a 
rinized saline . In some embodiments , the fluid source com - saphenous vein graft , the delivered cells could be endothe 
prises a biologically compatible fluid , which is particularly lial cells or endothelial progenitor cells that will populate the 
important when the tubular member is a vein or other graft lumen in areas of native endothelial cell denudation . 
member harvested from a human or animal . This can avoid 30 When the tubular member is a non - living tissue or material , 
a subsequent cleaning or washing step . The fluid source can inclusion of cells ( e . g . , cell seeding ) can provide function 
comprise an electrically conductive fluid , for example , an a lization to the material such as antithrombogenicity . 
electrolyte solution . The electrically conductive fluid can An electrical potential can be applied between the nozzle 
comprise saline , heparinized saline , ringers solution , and 105 and one or both of the tubular member 110 and the fluid 
any combination thereof . The fluid source can comprise a 35 from the fluid source . The electrical potential can draw at 
dielectric fluid . In some embodiments , two different fluids least one fiber from the nozzle 105 to the tubular member 
are used . A first fluid can be a non - conductive fluid config - 110 . The tubular member 110 can act as the substrate for the 
ured to provide a supporting force to the tubular member electrospinning process , collecting the fibers that are drawn 
110 , and the second fluid can be a conductive fluid used to from the nozzle 105 by the electrical potential . 
deliver a charge to tubular member 110 . 40 In some embodiments , the fluid mandrel and / or tubular 

In some embodiments , the fluid source comprises a phase member 110 has a lower voltage that the nozzle 105 to create 
change material . The phase change material can be , for the electrical potential . For example , the voltage of the fluid 
example , a pluronic gel , an electro - rheological fluid , or a mandrel and / or tubular member 110 can be a negative or 
non - Newtonian fluid characterized by changes in viscosity . zero voltage while the voltage of the nozzle 105 can be a 
The phase change material can change phases , for example , 45 positive voltage . The fluid mandrel and / or tubular member 
from a liquid to a solid or a gel , or from a gas to a liquid , 110 can have a voltage of about – 5 kV ( e . g . , - 10 kV , - 9 kV , 
based on temperature changes , pressure changes , or in - 8 kV , - 7 kV , - 6 kV , - 5 kV , - 4 . 5 kV - 4 kV , - 3 . 5 kV , - 3 . 0 kV , 
response to an electro - magnetic field . A fluid source that can - 2 . 5 kV , - 2 kV , - 1 . 5 kV , - 1 kV ) and the nozzle 105 can have 
change phases in response to an external stimulus can allow a voltage of about + 15 kV ( e . g . , 2 . 5 kV , 5 kV , 7 . 5 kV , 12 kV , 
an operator , nurse , or doctor to vary the pressure or shape of 50 13 . 5 kV , 15 kV , 20 kV ) . In some embodiments , the potential 
fluid mandrel along the tubular member by adjusting the difference between the nozzle 105 and the fluid mandrel 
external stimulus . and / or tubular member 110 can be from about 5 kV to about 

The tubular member 110 can be , for example , a saphenous 30 kV . This potential difference draws fibers from the nozzle 
vein graft or living tissue . The living tissue typically 105 to the tubular member 110 . 
includes a vein , an artery , a lymphatic duct , a vas deferens , 55 A polymer solution , stored in a polymer solution dis 
a tear duct , an intestine , an esophagus , a ureter , a urethra , a penser 120 , can be delivered to the nozzle 105 through a 
trachea , a bronchial conduit , a duct tissue , a Eustachian tube , polymer solution delivery tube 125 . The electrical potential 
a fallopian tube and any combination thereof . In some between the nozzle 105 and the tubular member 110 and / or 
embodiments , the tubular member is an artificial tubular the fluid can draw the polymer solution through the tip 127 
member . The artificial tubular member typically includes 60 of the nozzle 105 . Electrostatic repulsion , caused by the fluid 
polytetrafluoroethylene , expanded polytetrafluoroethylene , becoming charged from the electrical potential , counteracts 
polyester , polyvinylidene fluoride / hexafluoropropylene , sili the surface tension of a stream of the polymer solution at the 
cone , polyethylene , polypropylene , polyester based poly tip 127 of the nozzle 105 . After the stream of polymer 
mer , thermoplastic rubber , and any combination thereof . solution is stretched to its critical point , one or more streams 

Pharmaceutical drugs or other agents can be included in 65 of polymer solution emerges from the tip 127 of the nozzle 
a polymer solution that is used to electrospin a fiber matrix 105 , and / or at a location below the nozzle 105 , and move 
onto a tubular member 110 . However , the electrospinning toward the negatively charged tubular member 110 . Using a 
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volatile solvent , the solution dries substantially during tran - 110 can provide the potential difference between the nozzle 
sit and the fiber is deposited on the tubular member 110 . 105 and the tubular member 110 . 

The electrospinning system 100 can also include plugs In some embodiments , a first portion of an electrospun 
130a , 130b on each end of the tubular member 110 . For fiber matrix is applied to the tubular member 110 . A pressure 
example , a first plug 130a can be inserted at a first end 132 5 can be applied to the inside of tubular member 110 to 
of the tubular member 110 and a second plug 130b can be elongate the tubular member 110 to a desired pressurized 
inserted at a second end 134 of the tubular member 110 . The length . Tubular member 110 can be secured ( e . g . by repo 
first and second plugs 130a , 130b can rotate around axis 135 . sitioning one or more of plugs 130a and 130b ) at a length 
The rotation around axis 135 allows the fiber matrix to be different than its starting length , and another portion of the 
deposited along all sides , or around the entire circumference , 10 electrospun fiber matrix can be applied to the tubular mem 
of the tubular member 110 . ber 110 . 

The first and second plugs 130a , 130b can be rotated by In some embodiments , a pressure is applied to the inside 
at least one motor 140a , 140b in direct or indirect commu - of tubular member 110 , and tubular member 110 is allowed 
nication with the first and / or second plugs 130a , 130b . In to elongate . Subsequently , the tubular member 110 can be 
some embodiments , the electrospinning system includes a 15 secured at a length different than its starting length ( e . g . by 
single motor that rotates one plug 130a , 130b at one end of repositioning one or more of plugs 130a and 130b ) . Pressure 
the tubular member 110 . In some embodiments , two motors can be reduced within the tubular member 110 to allow for 
140a , 140b are used . For example , motor 140a can be in a reduction in the diameter of the tubular member 110 while 
communication with plug 130a while motor 140b is in approximately maintaining the pressurized length . A fiber 
communication with 130b . The motors 140a , 140b can 20 matrix can be applied around the tubular member 110 . 
rotate the plugs 130a , 130b , and thus the tubular member The pressure applied to the inside of tubular member 110 
110 , at the same rate or at different rates . The rate of rotation can be approximately the same as arterial pressure , such as 
of the plugs 130a , 130b and tubular member 110 can depend the patient ' s arterial pressure . In some embodiments , the 
on how the fiber matrix needs to be applied to the tubular pressure applied to the inside of tubular member 110 is 
member 110 . For example , for a thicker fiber matrix , the 25 approximately the same as venous pressure , such as the 
rotation rate can be slower than if a thinner fiber matrix is patient ' s venous pressure . The pressure applied to the inside 
desired . of tubular member 110 can be lower than arterial pressure . 

In addition to the tubular member 110 rotating around axis In some embodiments , the luminal pressure applied within 
135 , the nozzle 105 can move along a drive assembly 145 . tubular member 110 is negative relative to the outside of the 
Additionally or alternatively , nozzle 105 can be constructed 30 tubular member 110 . 
and arranged to rotate around axis 135 . The length of the FIG . 2 shows an electrospinning system 200 , including a 
drive assembly 145 can vary based on the length of the synchronous drive system 205 . The electrospinning system 
tubular member 110 to which a fiber matrix will be applied includes at least one nozzle 210 , a tubular member 215 , and 
For example , the length of the drive assembly 145 can be a fluid source ( not shown ) . In addition , two plugs 220a , 220b 
about 10 cm to about 50 cm . The nozzle 105 can move along 35 are located at the ends of the tubular member 215 . 
the drive assembly 145 to apply a fiber matrix to the entire FIG . 2 also shows fibers 221 emerging from the nozzle 
length , or specific portions of a length , of a tubular member 210 and going toward the tubular member 215 . The at least 
110 . For example , the nozzle 105 can be controlled such that one fiber 221 can be , for example , a polymer . The polymer 
specific portions along the length of the tubular member 110 can be a natural polymer , a synthetic polymer , and a com 
are reinforced with a greater amount of fiber matrix as 40 bination thereof . The natural polymer can be a silk , chitosan , 
compared to other or remaining portions . In addition , the collagen , elastin , alginate , cellulose , polyalkanoate , 
tubular member 110 can be rotating around axis 135 while hyaluronic acid , gelatin , or any combination thereof . The 
the nozzle 105 is moving along the drive assembly 145 to synthetic polymer can be a homopolymer , heteropolymer , 
provide control over the location on the tubular member 110 co - polymer , block polymer , and any combination thereof . 
where the fiber matrix is applied . 45 Either the first or second plug 220a , 220b can include a 

The first and second plugs 130a , 130b can be sealed to the flow valve 222a , 222b , respectively . The flow valve 222a , 
tubular member 110 by using at least one of an adhesive , a 222b can be , for example , a duck bill valve . The flow valve 
circumferential clamp , inflatable toroidal balloon , or a 222a , 222b can control a flow of the fluid mandrel such that 
suture . Sealing the plugs 130a , 130b can decrease and / or the fluid mandrel flows in only one direction . Alternatively 
eliminate the amount of fluid within the fluid mandrel that 50 or additionally , the flow valve 221a and / or 222b can be 
exits the electrospinning system 100 around the area where configured to retain pressure within the tubular member 215 . 
the plugs 130a , 130b meet the tubular member 110 . In some For example , the flow of the fluid mandrel can be from a first 
embodiments , the plugs 130a , 130b are sealed to the tubular end 224a of the tubular member 215 to a second end 224b 
member 110 by a friction fit . of the tubular member 215 , or vice versa . In some embodi 

The first and second plugs 130a , 130b can be disposable . 55 ments , the tubular member 215 is a vein , and the fluid flows 
Disposable plugs can be inexpensive to manufacture and can in a single direction that is the same as a venous valve 
also ensure that the plugs are sterile and otherwise sanitary direction of the tubular member 215 ( i . e . the same direction 
before use . This is particularly important where the tubular as the flow of blood through the vein prior to harvesting ) . 
member 110 is within the human body . In addition , dispos - This flow path can ensure that the vein is not damaged by the 
able plugs can eliminate the need for operators or nurses to 60 fluid mandrel flowing in a direction opposite to the normal 
clean and disinfect plugs after use . flow of fluid within the vein . In some embodiments , the fluid 

The system 100 can also include a power supply ( not can flow in a first direction and a second direction . 
shown ) . The power supply can be connected , either directly The fluid mandrel can be comprised of a stagnant fluid or 
or indirectly , to at least one of the first and second plugs a flowing fluid . When the fluid mandrel is comprised of a 
130a , 130b . Power can be transferred from the power supply 65 stagnant fluid , the fluid enters the tubular member 215 either 
to the fluid and / or tubular member 110 by , for example , a from the first end 224a or the second end 224b or both . If the 
wire . The power supplied to the fluid and / or tubular member tubular member 215 is a vein , then the fluid can enter the 
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vein in the same direction as the venous valve direction . apply a fiber matrix to the tubular member 305 , the lumen 
After the fluid enters the tubular member 215 and the desired of the tubular member 305 can be pressurized with a fluid 
pressure is reached ( e . g . , sufficient pressure to prevent mandrel . Referring to FIG . 3B , the tubular member 305 is 
undesired undulation of the tubular member 215 during the under pressure . The pressure can cause the walls 310 to 
electrospinning process ) , the ends of the tubular member 5 become generally straight . As shown in FIGS . 3A and 3B , 
215 can be sealed so that fluid can no longer enter or leave the pressure control system can control the cross - sectional 
the tubular member 215 . The electrospinning process then geometry of the tubular member 305 . The force applied by 
occurs with the fluid in the tubular member 215 being the pressure control system can be a tension force that causes 
stagnant , for example , with no fluid entering or leaving the the walls 310 of the tubular member 305 to go from being 
tubular member 215 after the ends of the tubular member 10 slack or curvy , as shown in FIG . 3A , to tight , straight , or 
215 are sealed . continuously curved as shown in FIG . 3B . 
When the fluid in the tubular member 215 is flowing , a In some embodiments , the pressure control system can 

pump ( not shown ) can be used to flow the flowing fluid . The vary the geometry of the tubular member 310 based on a 
pump can comprise , for example , a syringe , a hydrostatic location of the at least one nozzle ( not shown ) . In some 
head pump , or a displacement pump . The displacement 15 embodiments , the pressure is increased when the nozzle is 
pump can be , for example , a peristaltic pump , a piston pump delivering fibers to one portion of tubular member 305 , and 
or a diaphragm pump . The pump can provide a continuous the pressure is decreased when the nozzle is delivering fibers 
single direction fluid flow , or a fluid flow that changes to a different portion of tubular member 305 . Pressure 
direction and / or oscillates from one direction to the other . increases can coincide with tubular member 305 portions 

The fluid in the tubular member 215 can be recirculated 20 that are of insufficient diameter or contain one or more folds . 
when the fluid is flowing . In some embodiments , the fluid Pressure decreases can coincide with tubular member por 
forming the fluid mandrel is not recirculated , and instead tions that are of sufficient diameter or a diameter that is 
fresh fluid is provided from the fluid source or , for example , desired to be reduced . One or more magnetic , resistive or 
one or more reservoirs . other position sensors ( not shown ) can be included to 

The electrospinning system 200 can also include at least 25 coordinate nozzle position relative to the tubular member 
one motor 225 in indirect communication with at least one 305 . The fluid pressure can be controlled to achieve pres 
of the first or second plugs 220a , 220b . The indirect com - sure - mediated inflation and / or deflation of the tubular mem 
munication can occur , for example , through at least one of ber 305 , such as to customize a size of the tubular member 
a belt , a gear , a wheel , or a pulley system . For example , 305 . 
synchronous drive system 205 includes a shaft coupler 230 30 The electrospinning system can be in a vertical or hori 
that couples the motor 225 to a shaft 235 , and two timing z ontal position . FIG . 4A shows an electrospinning system 
pulleys 240a , 2406 . The two timing pulleys 240a , 240b have 400 including a tensioning weight 405 configured for a 
a timing belt 242a , 242b , respectively . The timing pulleys vertical position . FIG . 4B shows an electrospinning system 
240a , 240b can be connected to tees 245a , 245b , which are 450 including a tensioning weight 405 configured for a 
in turn are connected to plugs 220a , 2205 , respectively . 35 horizontal position . FIGS . 4A and 4B both include at least 

The synchronous drive system 205 can indirectly rotate one nozzle 410 , a drive assembly 415 on which the nozzle 
the tubular member 215 . For example , the motor 225 is 410 can move , a tubular member 420 , plugs 425a , 425b , a 
coupled to the shaft 235 by coupler 230 . The motor 225 can motor 430 , a coupler 435 between the motor and plugs 425a , 
rotate the shaft 235 in either a clockwise or counter clock - 425b , and at least one fiber 440 between the nozzle 410 and 
wise direction . The shaft 235 in turn rotates the timing 40 the tubular member 420 . The weight 405 is connected to 
pulleys 240a , 240b and timing belts 242a , 242b . The timing plug 425b or the tubular member by a wire assembly 442 . 
pulleys 240a , 240b and timing belts 242a , 242b rotate the The weight 405 can be connected to at least one of the 
tees 245a , 245b , which rotates the tubular member 215 . plugs 425a , 425b . As shown in FIGS . 4A and 4B , a single 

Alternatively , the synchronous drive system 205 can be motor 430 can be used to rotate the tubular member 420 . The 
configured to rotate the first and second plugs 220a , 2206 45 weight 405 provides a tension force to the tubular member 
independently , for example by two independent motors ( not 420 . The tension force can be adjusted by adjusting the mass 
shown ) . The synchronous drive system 205 can prevent of the weight 405 . For example , a heavier mass can provide 
twisting of the tubular member 215 by controlling the rates a greater tension force and a lighter mass can provide less 
at which each of the first and second plugs 220a , 220b rotate . tension force . 

In some embodiments , the electrospinning system 200 50 In both the vertical and horizontal positions , gravity can 
also includes a pressure control system or a pressure sensor be used to apply the tension . As shown in FIG . 4A , when the 
250 that is in communication with the fluid mandrel . The electrospinning system 400 is in a vertical position , the 
pressure sensor 250 is configured to measure a pressure the weight 405 can be suspended from the system . The force 
fluid mandrel exerts on the tubular member 215 . The pres - applied to the tubular member 420 will be approximately 
sure sensor 250 can be used to control the pressure exerted 55 equal to the mass of the weight 405 times gravity . As shown 
on the lumen of the tubular member 215 . in FIG . 4B , when the electrospinning system 450 is in a 

The pressure control system or pressure sensor 250 can be horizontal configuration , the weight 405 can still be used to 
used to control the topography or other geometric parameter apply tension to the tubular member 420 . A pulley 455 can 
of the tubular member 215 . For example , FIG . 3A shows a be used to translate the vertical force to a horizontal force 
tubular member 305 without an applied pressure and FIG . 60 applied to the tubular member 420 . 
3B shows the tubular member 305 with an applied pressure . In some embodiments , a force transducer ( not shown ) , for 
Referring to FIG . 3A , the tubular member 305 is not under example a strain gauge or load cell , is positioned on or near 
pressure . The walls 310 of the tubular member 305 are not one or more components of system 400 to measure the 
straight and have various sized and shaped curves . Applying tension force in wire assembly 442 and / or tubular member 
a fiber matrix to the tubular member 305 of FIG . 3A can be 65 420 . The force transducer can be configured to detect and / or 
difficult due to these curves and / or the application can result measure a force applied to the tubular member by or at the 
to an unacceptable fluid path for the fluid mandrel . To better weight 405 . The force can then be adjusted by adjusting the 
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mass of the weight 405 . In some embodiments , the weight a fluid source that pressurizes the internal lumen of the 
405 comprises a fixed mass . Force adjustments can be used tubular member with a fluid ; and 
to change the geometry of tubular member 420 during the a pressure control system operatively connected to the 
electrospinning process to , for example , straighten a portion fluid source and configured to control a pressure 
of the tubular member 420 and / or remove one or more folds 5 exerted on the internal lumen of the tubular member by 
present in the wall of the tubular member 420 . Alternatively , the fluid source ; 
one or more stretching or tensioning mechanisms can be wherein an electrical potential is applied between the at 
used in addition or as an alternative to weight 405 . least one nozzle and the tubular member and / or the FIG . 5 is a flow chart 500 of a method for depositing a fluid within the internal lumen of the tubular member , fiber matrix on a tubular member . A tubular member and a 10 the electrical potential drawing at least one fiber from fluid source are provided ( steps 510 , 520 , respectively ) . A the at least one nozzle to the tubular member , and lumen of the tubular member is pressurized with fluid from 
the fluid source ( step 530 ) . The tubular member and / or the wherein the system does not comprise a mechanical 
fluid are charged ( step 540 ) . A fiber matrix is electrospun type of mandrel inserted through the lumen of the 
onto the tubular member ( step 550 ) . tubular member . 

In some embodiments , the method also includes flowing 2 . The system of claim 1 , wherein the fluid source is 
the fluid through the tubular member from a first end of the configured to pressurize the internal lumen of the tubular 
tubular member to a second end of the tubular member . The member with a varying pressure . 
fluid can be recirculated from the second end of the tubular 3 . The system of claim 1 , wherein the fluid source is 
member to the first end of the tubular member . In some 20 configured to pressurize the internal lumen with a stagnant 
embodiments the fluid is not recirculated and instead the fluid . 
fluid is disposed of when it reaches the second end of the 4 . The system of claim 1 , wherein the fluid source is 
tubular member . configured to pressurize the internal lumen with a flowing 

A first plug can be inserted into the first end of the tubular fluid . 
member and a second plug can be inserted into the second 25 5 . The system of claim 4 , wherein the fluid source is 
end of the tubular member . The flow of the fluid can be configured to pressurize the internal lumen with the flowing 
controlled such that the fluid flows in only a single direction fluid that is recirculated . 
through the tubular member , for example , from the first end 6 . The system of claim 1 , wherein the fluid that pressur 
to the second end . In some embodiments , at least one of the izes the internal lumen has a voltage lower than a voltage of first or second plugs is sealed to the tubular member . The 30 the U the at least one nozzle . tubular member can be rotated to provide an even distribu 7 . The system of claim 6 , wherein the fluid that pressur tion of the fiber matrix around the tubular member . A izes the internal lumen has a voltage of about – 5 kilovolts tensioning force can be applied to the tubular member , for ( kV ) and the at least one nozzle has a voltage of about + 15 example , by using a weight to modify the geometry of the 
tubular member . The geometry of the tubular member can 35 
also be controlled by controlling , for example , the pressure 8 . The system of claim 1 , wherein the fluid source is 
of the fluid that is exerted on an inside surface of the tubular configured to pressurize the internal lumen with the fluid 

that comprises heparinized saline . member . 9 . The system of claim 1 , wherein the fluid source is A pharmaceutical drug or other agent can be provided to 
the fluid source to provide for example , localized drug 40 configured to pressurize the internal lumen with the fluid 

that is selected from the group consisting of : an electrically treatment . In addition , cells can be provided to the fluid 
conductive fluid ; a dielectric fluid ; and a combination source . Drugs and other agents , as well as cells , can be thereof . absorbed by the tubular member prior to , during , or after the 10 . The system of claim 1 , wherein the fluid source is electrospinning process . 

One skilled in the art will realize the systems and methods 45 configured to pressurize the internal lumen with the fluid 
described herein can be embodied in other specific forms that comprises a phase change material . 
without departing from the spirit or essential characteristics 11 . The system of claim 1 , further comprising a pressure 

sensor in communication with the fluid , the pressure sensor thereof . The foregoing embodiments are , therefore , to be 
considered in all respects illustrative rather than limiting of configured to measure a pressure the fluid exerts on the 
the invention described herein . Scope of the claimed sys - 50 tubular member . 
tems and methods is thus indicated by the appended claims , 12 . The system of claim 11 , wherein the pressure sensor 
rather than by the foregoing description , and all changes that controls a topography of the tubular member . 

13 . The system of claim 1 , wherein the fluid source is come within the meaning and range of equivalency of the 
claims are , therefore , intended to be embraced therein . configured to pressurize the internal lumen of the tubular 
What is claimed is : se member to a pressure that does not exceed about 40 mmHg . 
1 . A system for electrospinning a fiber matrix onto a 14 . The system of claim 1 , wherein the tubular member is 

a living tissue . tubular member to form a vascular graft device , the system 15 . The system of claim 14 , wherein the tubular member comprising : 
at least one nozzle ; comprises a saphenous vein graft . 
a tubular member in a spaced relationship to the at least 60 16 . The system of claim 14 , wherein the tubular member 

one nozzle , the tubular member defining an internal comprises a harvested vein segment . comprises 
lumen ; * * * * * 

kV . 


