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COMPOUND DELIVERY TUBE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/045550, ?led Oct. 26, 2001 Which is 
a divisional of US. patent application Ser. No. 09/692,857, 
?led Oct. 20, 2000. This application also claims priority to 
US. Provisional Patent Application Ser. No. 60/ 161,130, 
?led Oct. 22, 1999, and to US. Provisional Patent Applica 
tion No. 60/170,051, ?led Dec. 9, 1999. All ofthese applica 
tions are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to the ?eld of a tube 
With an internal layer comprising a polymer matrix and a 
captured compound, and more particularly to an apparatus for 
releasing a compound into an intravenous environment such 
as during intravenous drug administration. 

BACKGROUND OF THE INVENTION 

[0003] Invasive drug administration can be a di?icult pro 
cedure to alter, once it is initiated. The dynamic nature of drug 
administration can be di?icult to anticipate. Feedback mecha 
nisms can be used to monitor drug administration and exert 
control mechanisms on the system. 
[0004] As drugs are becoming more sophisticated and 
endogenous compounds continue to be discovered and syn 
thesiZed, mechanisms to deliver drugs in a more exact and 
versatile fashion Will alloW for fuller drug utility to be real 
iZed. 
[0005] Drugs have been released at the tip of solid catheters 
by applying laser energy as an aid in tumor or local drug 
therapy. Compounds have been encapsulated With the antici 
pation of releasing them in a controlled Way for many years in 
the form of timed release capsules, matrix embedded tablets, 
or controlled release granules. A catheter product exists 
Whereby an interior coating of antibiotic provides prophylac 
tic protection against infection by providing Zero order 
release of drug from the interior surface. 
[0006] Standard drug infusion consists of employing infu 
sate of constant concentration With respect to an active com 
pound. The volumetric ?oW rate determines the rate at Which 
a drug or compound is delivered to the systemic circulation or 
organ system. Altering the rate of drug delivery necessitates 
altering the volumetric ?oW rate of the infusate apparatus. 
Various catheter designs and drug delivery systems are 
described in US. Pat. Nos. 5,304,121; 5,482,719; 6,086,558; 
5,991,650; 5,795,581; 5,470,307, 5,830,539; 5,588,962; 
5,947,977; 5,938,595; 5,788,678; 5,868,620; 5,843,789; 
5,797,887; 5,773,308; 5,749,915; 5,767,288; and 5,665,077. 
[0007] The present invention overcomes the shortcomings 
of previous designs and systems in a novel and unobvious 
Way. 

SUMMARY OF THE INVENTION 

[0008] One aspect of the present invention relates to a 
method for providing a compound into a ?rst ?oWing mate 
rial. The method includes providing a section of tubing hav 
ing an interior With a layer of a second matrix material bonded 
to the interior, releasably capturing a ?rst compound in the 
second matrix material, and ?oWing the ?rst material through 
the interior and over the second matrix material. Energy is 
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applied to the second matrix material, and the ?rst compound 
is released from the second matrix material into the ?rst 
?oWing material. 
[0009] In another aspect, the present invention includes a 
?exible outer sheath With an interior surface and an exterior 
surface. A polymer matrix is attached to the interior surface of 
the sheath, the polymer matrix de?ning a lumen therethrough 
for ?oW of the liquid. A therapeutic agent is releasably cap 
tured by molecules of the polymer matrix. 
[0010] Another aspect of the present invention includes a 
method for manufacturing a catheter. The method includes 
providing a sheath With an interior surface, and applying a 
layer of matrix material onto the interior surface. The matrix 
material is in a sWelled condition. A rod is inserted into the 
interior of the ?exible sheath. The ?exible sheath is formed 
into a predetermined shape, and volume of the polymer 
matrix is shrunk. The rod is removed. 
[0011] Another aspect of the present invention concerns a 
method for manufacturing an internally coated tube. The 
method includes providing a rod and a sheath With an interior 
surface and an exterior surface. The method further comprises 
applying a layer of a polymer matrix onto the surface of the 
rod, and placing the rod Within the interior of the sheath. The 
method includes forming the sheath into a predetermined 
shape around the rod and removing the rod from the formed 
sheath. 
[0012] Another aspect of the present invention concerns a 
method for providing a therapeutic agent to a biological unit. 
The method includes providing a compound releasably cap 
tured Within a matrix material, the compound being releas 
able upon receiving an energy input. The method includes 
placing the matrix material and captured compound in ?uid 
communication With a ?uid Which ?oWs in a biological space 
of the biological unit. Energy is provided to the matrix mate 
rial su?icient to release a portion of the compound, and the 
compound is released into the biological unit in an irregular 
pattern. 
[0013] These and other aspects of the present invention Will 
be apparent from the description of the preferred embodi 
ment, the claims, and the draWings to folloW. 

DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic representation of a prior art 
system for delivering a drug by a catheter into a patient. 
[0015] FIG. 2 is a schematic representation of one embodi 
ment of the present invention for providing a therapeutic 
agent into a biological unit by a catheter. 
[0016] FIG. 3 is a cross-sectional vieW of the catheter of 
FIG. 2 as taken along section 3-3 of FIG. 2. 

[0017] FIG. 4 is a cross-sectional vieW of FIG. 3 including 
the designation of diameters for calculation of the amount of 
therapeutic agent Within the polymer matrix. 
[0018] FIG. 5A is a section of a catheter according to 
another embodiment of the present invention. 
[0019] FIG. 5B is a section of a catheter according to 
another embodiment of the present invention. 
[0020] FIG. 6 is a schematic representation of a closed-loop 
system for providing a therapeutic agent to a biological unit. 
[0021] FIG. 7 is a schematic representation according to 
another embodiment of the present invention for providing a 
therapeutic agent to a biological unit in a fractally-based 
pattern. 
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[0022] FIG. 8 is a perspective vieW according to another 
embodiment of the present invention for manufacturing a 
catheter assembly. 
[0023] FIG. 9 is a perspective vieW ofthe assembly ofFIG. 
8 With the sheath closed around the rod. 
[0024] FIG. 10 is a schematic representation according to 
another embodiment of the present invention for WithdraWal 
of ?uid from a biological unit and return of the ?uid to the 
unit. 
[0025] FIG. 11 is a schematic representation according to 
another embodiment of the present invention for WithdraWal 
of ?uid from a biological unit. 
[0026] FIG. 12 is a schematic representation according to 
another embodiment of the present invention. 
[0027] FIG. 13A is a graphical representation of the log of 
a spectral density verses the log of frequency. 
[0028] FIG. 13B is a graphical representation of the quan 
tity of magnitude sampled at six regular intervals. 
[0029] FIG. 13C is a graphical representation of the quan 
tity of duration sampled at six regular intervals. 
[0030] FIG. 13D is a graphical representation of the quan 
tity of interval sampled at six regular intervals. 
[0031] FIG. 13E is a graphical representation of a time 
history of fractally derived pulses synthesiZed from the quan 
tities represented in FIGS. 13B, 13C, and 13D. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0032] For the purposes of promoting an understanding of 
the principles of the invention, reference Will noW be made to 
the embodiments illustrated in the draWings and speci?c lan 
guage Will be used to describe the same. It Will nevertheless 
be understood that no limitation of the scope of the invention 
is thereby intended, such alterations and further modi?ca 
tions in the illustrated devices, and such further applications 
of the principles of the invention as illustrated therein being 
contemplated as Wouldnormally occur to one skilled in the art 
to Which the invention relates. 

[0033] All documents, including patents, books and other 
publications, named herein are incorporated herein to their 
complete extent by reference. 
[0034] Turning ?rst to FIG. 1 there is shoWn a typical infu 
sion apparatus 1000 commonly in use in most modern hos 
pital settings. This apparatus administers infusate 1005 sys 
temically to a patient 1007. Infusate ?uid 1005 is contained in 
a plastic bag 1010, and the ?uid is alloWed to pass at some 
predetermined volumetric ?oW rate through plastic tubing 
and catheter setup 1015 and into an appropriate biological 
space, usually vascular. This space could be other body 
spaces or cavities capable of accepting positive volumetric 
?oW, such as the peritoneum or cerebral spinal ?uid space. 
This de?nes an “open” space or cavity as opposed to a closed 
or site speci?c location. Examples of other open spaces 
include the systemic circulation, the cerebral spinal ?uid 
space, the lymphatic space, synovial ?uid spaces and urinary 
?uid spaces. 

[0035] Administration of a compound or drug 1020 is 
accomplished in several Ways. For example, the drug 1020 
may be manually injected by an attendant through a hand 
syringe 1025 that is in ?uid communication With catheter 
1015.As another example, a pump 1030 containing a quantity 
of drug 1020 pumps a controlled quantity of the drug into an 
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apparatus that is in ?uid communication With catheter 1015. 
Maximum maintenance of the sterile environment of the sys 
tem is realiZed 
[0036] The amount of drug administered is directly related 
to the infusate ?oW rate and the concentration of compound 
(drug) in solution With the infusate. Changing the rate of 
infusion of drug necessitates changing the volumetric ?oW 
rate of infusate through the catheter in direct proportion to the 
desired change in drug administration. Once the infusion 
setup is operating, generally under sterile conditions, chang 
ing the compound or drug for an alternate compound or drug 
requires a neW infusion setup to be put into operation, With a 
neW reservoir of infusate With drug in solution. 
[0037] The present invention relates to a system including a 
catheter assembly and a source of energy for releasing a 
compound into a biological space, such as the vascular sys 
tem, peritoneum, cerebral spinal ?uid space, or other biologi 
cal spaces Which can accept a volumetric ?oW rate of infusate. 
According to one embodiment of the present invention, a 
therapeutic agent such as a drug is linked by photolabile 
bonds to a polymer matrix surrounding a lumen of a catheter. 
Infusate ?uid such as normal saline, 5% dextrose and Water, 
lactated Ringer’s solution, crystalloid solution, plasma or 
blood ?oWs through the lumen of the catheter from a source of 
the infusate into the biological space. When it is desired to 
release the compound into the biological space, the polymer 
matrix surrounding the lumen and including the photolabily 
linked compound is exposed to the energy such as light radia 
tion. The radiation breaks the photolabile bonds, and the 
compound is released from the material such that it can dif 
fuse into the infusate. 
[0038] Changing the concentration of infusate Without 
appreciably changing the volumetric or mass ?oW rate is 
contemplated by this invention. Some infusate apparatus only 
alloW volume dependent alteration of dosing rate, Which may 
be prohibitive to the recipient. It may be di?icult to readily 
add or change pharmacotherapy due to insu?icient vein integ 
rity. The immediacy of emergency settings may dictate drug 
to be administered as readily as possible, or discontinued in as 
immediate a fashion as possible. 

[0039] The present invention can provide an effective and 
e?icient mechanism to exert an infusate concentration change 
for a compound delivery system With little or no volumetric 
changes. The clinical setting is an immediate example Where 
compounds can be introduced by varying the concentration 
pro?le of a drug to alter the dose or mass of drug adminis 
tered. This is a departure from the traditional manner of 
increasing the volume ?oW rate of intravenously adminis 
tered drugs. The ease and rapidity of introducing neW com 
pounds to a given drug therapy provided by the present inven 
tion may be unmatched for some settings. In-line prodrug 
drug interactions are possible. Developing drugs With 
previously prohibitive delivery characteristics, such as 
extremely short half-lives, may be delivered With this device. 
[0040] In a preferred embodiment, the material forming the 
lumen of the catheter is a polymer such as a hydro gel, and the 
one or more compounds to be released are photolabily-linked 
to the molecules of the hydrogel. The compound(s) to be 
released are preferably therapeutic agents Which are released 
systemically into the biological space. The photolabile link 
ages betWeen the compound and the hydro gel are preferably 
broken by resonating the photolabile bond With the proper 
Wavelength of radiation. In a preferred embodiment, the 
source of radiation is a laser tuned to a band of Wavelengths 
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that Will resonate With the photolabile links. However, the 
present invention also incorporates those embodiments in 
Which the source of radiation includes lasers operating over 
Wide ranges of Wavelengths and also incoherent light. 
[0041] Another embodiment of the present invention 
includes a catheter assembly including a material de?ning a 
lumen, a photolabily-linked compound Within that material, a 
source of infusate ?oWing through the lumen, and a source of 
energy. The embodiment further includes a sensor for sensing 
a condition of a biological subject and a controller for receiv 
ing the signal. As one example, a source of radiation, such as 
a laser, is activated to irradiate the material, break the photo 
labile bonds, and release the compound into the biological 
subject upon the sensing of a particular condition. As another 
example, the sensor generates a signal corresponding to the 
activity of the heart. The controller receives this signal and 
upon determination that the heart is malfunctioning controls 
the laser to release a drug such as a cardiac agent into the 
infusate, Which then ?oWs into the biological space of the 
subject so as to address the heart malfunction. 

[0042] A Wide range of therapeutic agents can be incorpo 
rated in complexes for controlled release into the systemic 
circulation or other body cavity of a biological subject. It is 
preferable that the chemical structure of the therapeutic com 
pound contain a nucleophile group such as carboxylic acid, 
amino or hydroxyl, Which attaches to the light sensitive link 
age of the polymer matrix material de?ning the catheter 
lumen. Examples of such therapeutic compounds include 
acetylsalicylic acid (aspirin), indomethacin, nicotinic acid, 
naproxen, ibuprofen, cimetidine, ranitidine, cycloserine, 
?ucytosine, amantadine, benZocaine, penicillin V, acetami 
nophen, and cortisone. Classes of drugs amenable to this type 
of delivery include, but are not limited to antibiotics, anes 
thetics, analgesics, cardiac agents, psychotropics, and hor 
mones. 

[0043] Although What has been described is a catheter 
?oWing infusate, the present invention also contemplates the 
application of a compound releaseably captured in a matrix 
material applied to the inside of tubing, Where a ?oWing 
material ?oWs through the tubing and over the matrix mate 
rial. The ?oWing material may be a ?uid, such as a liquid or a 
gas and can also be a ?oW of solid particulate matter such as 
an aerosol or solid microparticles. Further, the matrix mate 
rial for releaseably capturing a compound is preferably a 
polymer material, but can also be other types of matrix mate 
rial. The compound releaseably captured in the matrix can be 
a therapeutic agent, but can also be any compound capable of 
being releaseably captured in the matrix. 
[0044] As used herein, the term “catheter” includes those 
meanings and de?nitions and understandings used by one of 
ordinary skill in the art, but also includes tubing for With 
draWal of bodily ?uid from a biological unit. Further, the term 
“therapeutic compoun ” as used herein refers to drugs and 
compounds administered to biological units, and also refers 
to drugs and compounds used to condition ?uids WithdraWn 
from a biological unit. The use of a prime (') designation With 
a number indicates that the element shoWn or described is the 
same as the non-prime element, except as shoWn or described 
differently. 
[0045] Turning to FIGS. 2 and 3, a catheter is constructed to 
release a therapeutic compound 65 into the infusate 24 ?oW 
ing in the catheter 20 during the infusion process. In one 
embodiment, the catheter siZe is similar to conventional vas 
cular catheters used in hospitals of today. As used herein, the 
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term catheter includes any generally tubular medical device 
for insertion into canals, vessels, passageWays, or body cavi 
ties for the reception or WithdraWal of ?uids through the 
catheter lumen. A catheter, according to the present invention 
provides additional therapeutic properties to the infusate 24 
as it travels through the catheter lumen space 60. Conven 
tional catheter designs that may be adapted for delivery of a 
therapeutic agent according to the inventions described 
herein include, but are not limited to, percutaneous translu 
minal angiography (PTA) catheters, percutaneous translumi 
nal coronary angioplasty (PTCA) catheters, vascular and 
peripheral vascular catheters, thrombectomy catheters, renal 
catheters, esophageal catheters, perfusion catheters, upper 
and loWer gastrointestinal catheters, bile duct and pancreatic 
duct catheters, urogenital catheters, and similar catheters both 
With and Without dilation capabilities. Devices used for long 
terrn vascular access may be adapted for use With the present 
invention. These catheters include, but are not limited to 
totally implantable intravascular devices (TIDs), tunneled 
central venous catheters including Hickman, Broviac, Gros 
hong, and Quinton, Which are commonly used to provide 
vascular access to patients requiring prolonged IV therapy 
(e.g., chemotherapy, home infusion therapy, hemodialysis). 
[0046] FIG. 2 schematically depicts a system 15 according 
to one embodiment of the present invention. System 15 
includes a catheter assembly 20 Which provides a ?oW of 
infusate 24 from an infusion apparatus 25, such as a gravity 
drip bag, into the open biological space of a biological unit 30, 
such as into the vasculature of a patient. An energy source 35 
is coupled by an appropriate conduit 40 into catheter 20. 
Energy source 35 provides energy through conduit 40 to a 
polymer material Within catheter 20. In one embodiment of 
the present invention, energy source 35 includes a laser, laser 
controller, and controller interface. The laser provides coher 
ent light energy to a conduit 40 such as a ?ber optic cable to 
transmit the laser energy into the catheter 20. 

[0047] FIG. 3 shoWs a cross-section of catheter assembly 
20. Catheter 20 includes a sheath 50 forming the basic struc 
ture of assembly 20 and capable of transmitting energy from 
source 35. Located Within the interior of sheath 50 is a poly 
mer matrix 55 Which forms a lumen 60 therein. Infusate 24 
from infusion apparatus 25 ?oWs through lumen 60 into the 
biological space. Polymer matrix includes Within it one or 
more therapeutic agents 65 that are held Within the polymer 
matrix 55 until released by energy from source 35. According 
to one embodiment of the present invention, the linkage of the 
therapeutic agent 65 to the polymer matrix 55 is accom 
plished by a covalent photolabile bond. The transmission of 
laser energy through sheath 50 provides energy that breaks 
the photolabile bond to release the therapeutic agent. The 
therapeutic agent then defuses according to Fick’s LaW 
through the polymer matrix and into the infusate ?oWing 
Within lumen 60. In this manner the therapeutic agent can be 
stored Within polymer matrix 55 until it is desired to release 
therapeutic agent 65 into the biological unit. For those 
embodiments of the present invention utiliZing a source of 
energy such as a laser, sheath 50 includes one or both of a 
re?ective coating 70 and/ or an opaque coating 75. 

[0048] Although What has been shoWn and described is a 
catheter 20 extending from a source 25 of infusate into the 
vasculature system of a biological unit, the present invention 
also contemplates the use of a catheter 20 Which is linked as 
an input to a separate catheter, such as catheter 1015. The 
separate catheter may be made of any siZe and shape Which 
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facilitates entry of the separate catheter into the biological 
unit. The separate catheter and catheter 20 are joined in a 
union outside of the body of the biological unit. This alternate 
embodiment permits catheter 20 to have an outer diameter 
and/ or use materials not compatible With entry into a biologi 
cal unit. 

[0049] A catheter assembly 20 according to one embodi 
ment of the present invention has both drug storage and drug 
releasing properties, and the ability to transmit appropriate 
energy from a source of energy 35 into polymer matrix 55. A 
photo-activateable therapeutic agent delivery material is 
used, in Which a therapeutic agent 65 is combined by covalent 
bonding, incorporation in a matrix, or encapsulation, With a 
photosensitive macromolecule. In this combination, the drug 
is inert. The macromolecule is large enough to prevent migra 
tion of the combination Within the catheter body, so that the 
combination can be in place during infusion or WithdraWal of 
bodily ?uids through the luminal space. A drug or other 
compound is released from the combination, in an active 
form, upon appropriate stimulation by the source of energy 
35. 

[0050] The drug may be combined With the polymer matrix 
using any of several mechanisms including photolabile 
chemical bonding, physical dispersion, or encapsulated or 
embedded in layers of photodegradable polymers. In prepar 
ing the covalent chemical complex of this aspect of the 
present invention, it is preferred to link the photolabile com 
pound to the polymer 55 ?rst, and to link the drug 65 to the 
photolabile groups thereon subsequently. Coupling of the 
polymer 55 to the photolabile linking compounds suitably 
takes place in solution, as does the subsequent coupling of the 
photolabile linking compounds to the therapeutic agent. 
[0051] A Wide choice of polymers 55 are available for this 
purpose. It is desirable that the polymer be biochemically 
acceptable and inert. It is further desirable that the polymer 
should possess chemical groups capable of reaction With a 
functional group of the photolabile compound such as the 
carboxylic acid group of BNBA or CPA, e.g. hydroxyl 
groups. It should also be capable of releasing the active drug 
freely, once the covalent chemical bonding has been broken. 
For example, the drug 65 should be able to diffuse out of the 
residual polymer matrix in the presence of infusate ?uid. 
Examples of suitable polymers 55 include, but are not limited 
to polyvinyl alcohol (PVA), polyethylene oxide (polyethyl 
ene glycol PEG), acrylamide copolymers, vinylpyrrolidone 
copolymers, hydroxyl functionaliZed polylactides, poly (hy 
droxyethyl methacrylate) (HEMA), copolymers of tWo or 
more such monomers, e.g. copolymers of vinylpyrrolidone 
and HEMA, and copolymers of ethylene oxide and propylene 
oxide. The hydrogel polymer may also be selected from the 
group consisting of polycarboxylic acids, cellulosic poly 
mers, gelatin, polyvinylpyrrolidone, maleicanhydride poly 
mers, polyamides, polyvinyl alcohols, and polyethylene 
oxides or polyacrylic acid. 

[0052] The catheter sheathing material is a homogeneous 
?ber optic material that is transparent to and is able to conduct 
the controlling energy, preferably laser light, throughout the 
extent of the molded sheath. The ?ber optic material is of a 
type knoWn to the art of laser catheters and is con?gured to 
transmit laser energy. A person of ordinary skill in the art can 
readily adapt knoWn ?ber optic materials for incorporation 
into the apparatus of the present invention. A hydro gel matrix 
forms a large portion of the body of the catheter tubing and is 
tenaciously a?ixed to the inner surface of the energy-con 
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ducting sheath. This matrix provides the storage space for 
photolabily linked compound to remain in a soluabiliZed and 
bound state prior to compound release via controlled delivery 
of energy through the sheathing material. 
[0053] The hydrogel polymer matrix 55 deposition and 
a?ixation to the inner surface 52 of the catheter sheath 50 can 
be accomplished by the folloWing example according to Us. 
Pat. No. 5,304,121, incorporated herein by reference. The 
inner surface 52 of the catheter sheath 50 is coated With a 
solution of 4,4' diphenylmethane diisocyanate (MDI) in 
methylethylketone for 30 minutes. After drying in an air oven 
at 850 C. for 30 minutes, the sheath is dipped in a 1.7% 
solution of poly(acrylic acid) homopolymer having a molecu 
lar Weight of about 3,000,000 in dimethylformamide (DMF) 
and tertiarybutyl alcohol. After drying at about 850 C. for 30 
minutes, a smooth coating is obtained. The sheath is oven 
dried for 8 hours at 50° C. One function of the drying steps is 
to remove solvent from the coating. The polyisocyanate solu 
tion is at a concentration of about 0.5 to 10% by Weight. The 
polyacrylic acid is at a concentration of about 0.1 to 10% by 
Weight. The poly(carboxylic acid) to polyisocyanate molar 
ratio is generally about 1:1. The formation of the hydrogel is 
Well knoWn in the art, such as the hydrogel further described 
in Us. Pat. No. 5,091,205, incorporated herein by reference. 
[0054] The rate of drug release is controlled by exposure of 
the catheter body to a source 35 of transmissible energy, such 
as the energy of a laser. Persons of ordinary skill in the art 
knoW readily available electronic devices Which can be used 
for laser energy generation and computer control. Through 
suitable optical coupling 40, the laser energy enters the cath 
eter sheath or casing 50, and in a preferred embodiment, is 
re?ected off of the re?ective outer coating 70 and is transmit 
ted into and through the catheter body When it is desired for 
drug to be released from catheter matrix material storage. 
Photolabile bonds are broken and the freed therapeutic agent 
65' is released and traverses across the infusate soluble poly 
mer matrix material 55, and into the catheter lumen 60 as free 
therapeutic agent in infusate solution 24. An outer opaque 
coating 75 With re?ective properties prevents extraneous light 
from entering the catheter body and also directs the controlled 
laser light into the catheter body to provide energy exposure. 
[0055] Energy for release of the drug in its active form from 
the drug-polymer combination can be by one of a variety of 
means depending upon the photosensitivities of the chosen 
photolabile bond, the polymer 50, and the drug 65. For 
example, the source 35 of energy can be radiation such as 
infrared, visible, or ultraviolet radiation, supplied from incan 
descent sources, natural sources, lasers including solid state 
lasers, or even sunlight. In one embodiment, the present 
invention contemplates the use of a source 35 of coherent 
light of Wavelengths from about 300 nm to about 1200 nm. 
This includes UV, visible and infrared light. The choice of 
Wavelength is based on the photolabile characteristics of the 
bonds holding 65 Within 55 and is selected to match the 
Wavelength necessary to break the photolabile bond betWeen 
65 and 55. Since body tissues tend to absorb radiation in the 
ultraviolet region of the electromagnetic spectrum, it is pre 
ferred to choose a photolabile bond sensitive to red and infra 
red Wavelengths. The amount of drug released is proportional 
to the dosage of the radiation. Various agents for producing 
the photolabile bonds are described in related are such as U.S. 
Pat. No. 5,767,288, incorporated herein by reference. 
[0056] Administration of the radiation can be by use of 
?ber optic light pipes or sheathing included Within the cath 
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eter assembly. Fiber optic light pipes 40 are known and used 
in various types of medical treatments, for example irradia 
tion treatment of internal body organs such as bladder irra 
diation. In some embodiments of the present invention, a ?ber 
optic light pipe also acts as the main source of energy into 
matrix 55, the light pipe providing light doWn the length of 
catheter 20 and transmitting the light radially or longitudi 
nally through the catheter sheath. These light pipes can be 
used to couple energy of particular Wavelengths to distinct 
sections of the sheathing material. 
[0057] Preferably, the apparatus comprises an optically 
transmitting ?ber optic outer sheath 50 having a proximal end 
and a distal end. The material can be either transparent or 
translucent. The preferred material is transparent and non 
distendable. The ?ber optic sheath 50 is of a type knoWn in the 
art of laser catheters and is con?gured to transmit laser 
energy. The intensity and overall uniformity of the light trans 
mitted can be dramatically increased by using a coating 70 
that re?ects and/ or scatters light into the lumen 60. The sheath 
50 preferably includes a re?ective outer coat 70 that re?ects 
and scatters light into and through the polymer matrix 55 and 
into the lumen 60, providing a diffuse re?ection of the light 
striking the matrix 55 and agent 65. The function of the 
re?ective material is to provide increased uniformity and 
e?iciency in the light transmitted through polymer matrix 55. 
Examples of material for coating 70 include, but are not 
limited to, titanium dioxide, aluminum, gold, silver, and 
dielectric ?lms. A person of ordinary skill in the art can 
readily adapt knoWn re?ective materials for incorporation 
into the outer portion of the apparatus of the present inven 
tion. The preferred re?ective material Will re?ect and scatter 
light and prevent from about 20% to 100% of light striking the 
material from passing through the material. The most pre 
ferred Will re?ect and scatter over 70% of the light. The 
re?ective material can be incorporated onto the outer portion 
of the sheath 50 in a variety of Ways. For example, the re?ec 
tive material can be applied to the outer surface of catheter 
sheath 50 after the catheter is formed, by using a dipping 
process. Alternatively, the re?ective material can be directly 
incorporated into the material used to form the catheter sheath 
50 during the manufacturing. The method used to incorporate 
the re?ective material into the catheter is based primarily on 
the re?ective material used, the material the catheter is made 
of, and the method used to manufacture the catheter. A person 
of ordinary skill in the art can readily employ knoWn proce 
dures for incorporating a re?ective material Within or onto the 
surface of the catheter sheath 50. 

[0058] In addition to a re?ective coating, the catheter may 
further have an additional opaque coating 75 over the re?ec 
tive coating 70. An opaque coating 75 is used to further 
prevent light from exiting the catheter exterior surface or 
extraneous light from entering the body of the catheter. Some 
catheters, such as those disclosed by Overholt et al. Lasers 
and Surgery in Medicine 14:27-33 (1994), utiliZe an opaque 
absorbing coating, such as black Color Guard supplied by 
Permatex Industrial Corp. Avon, Conn., to prevent the light 
from being transmitted through portions of the catheter. 
[0059] Some embodiments of the present invention further 
include one or more optical sensors 80. Optical sensors 80 are 
integral to the catheter and used to measure the intensity of 
illumination When the catheter is used therapeutically. Opti 
cal sensors 80, such as a ?ber optic probe or a photodiode as 
part of a balloon catheter, have been described in Us. Pat. No. 
5,125,925, incorporated herein by reference. By monitoring, 
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With a sensing ?ber on the Wall of the ?ber optic sheath, the 
light to Which the sensing ?ber and, hence, the catheter matrix 
are exposed, can be determined. Individual light doses and 
accurate measurement of the cumulative light doses are mea 
sured by processor 85 and provide an accurate measurement 
of the cumulative light dose and relates to released com 
pounds from various sections of the catheter matrix or asso 
ciated sections of the catheter matrix. Light poWer output is 
also monitored and alarm may be given in the event of abnor 
mal light conditions. 
[0060] In accordance With the present invention, therapeu 
tic agent 65 is stored Within the polymer matrix 55. Once the 
infusate is ?oWing through lumen 60 at a constant rate and the 
matrix is in a hydrated condition, the therapeutic agent 65 is 
in a soluabliliZed state Within the polymer matrix, With 
respect to the surrounding infusate ?uid in?ltrate. A barrier to 
complete drug solution in the infusate are laser liable bonds 
holding the therapeutic agent 65 Within the polymer matrix 
55. These bonds can be broken When exposed to the proper 
frequency and intensity of laser energy, thereby freeing the 
drug to enter the catheter lumen 60. 

[0061] The amount of storage volume is adequate to incor 
porate a substantial amount of drug to be used for various 
procedures. As best seen in FIG. 4, in one embodiment of the 
present invention the inner Wall 52 of sheath 50 has a diameter 
D2 of about 3 .6 mm, and the lumen formed by polymer matrix 
55 has a diameter D1 of about 2.6 mm. The total length Ll of 
the portion of the catheter 20 incorporating the polymer 
matrix is 1.7 meters. The cross-sectional areaAl is calculated 
as rc(D22-Dl2)/4 and is 4.84 mm2. The total volume Vl ofthe 
polymer matrix is 8.23 cm3. This is a representative volume 
calculation and provides an estimate of a catheter body matrix 
55 volume that Would be available for drug incorporation for 
the present invention. There is no general restriction of the 
tubing diameter of the portion of the present invention that 
resides outside the vasculature. It is anticipated that an 8-12 
cm volume of catheter matrix material 55 Would be suf?cient 
to incorporate substantial amounts of drug(s) into the poly 
mer matrix for delivery into the infusate and further into the 
systemic circulation or receiver space. Much larger reservoirs 
for drug storage can be realiZed for portions of the present 
designed to be extravascular in nature. By controlling the 
concentration of the therapeutic agent 65 Within matrix 55, 
the total amount of therapeutic agent 65 available for infusion 
can be limited by control of the thickness and length of the 
polymer matrix. For example, the total amount of therapeutic 
agent stored in a particular catheter assembly 20 can be lim 
ited to an amount that is safe for delivery under any condi 
tions. Jacketed conditioning of the tubing extravascularly, 
such as for temperature or radiation exposure, can also be 
provided for extravascular portions of the present invention to 
alloW for better inline processing of ?uids or for maintaining 
the integrity of the catheter body matrix or compounds stored 
therein. 

[0062] FIG. 6 depicts a system 100 for the automatic 
administration of a therapeutic agent based on a sensed 
response from a biological unit. A biological unit 30 such as 
an animal produces a response Which can be sensed by a 
sensor 105. The response elicits an output signal 107 Which is 
provided to a signal processor 110. Signal processor 110 
preferably accepts analog signal 107, and includes suitable 
A/D processing and an internal digital processor Which pro 
duces a control signal 112 to energy source 35, such as a laser. 
In response to control signal 112, energy source 35 produces 














