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LOCALIZED FLUID DELIVERY DEVICES 
HAVING A POROUS APPLICATOR AND 
METHODS FOR USING THE SAME 

TECHNICAL FIELD 

[0001] The ?eld of this invention ?uid delivery, particu 
larly localized ?uid delivery to a physiological site. 

BACKGROUND OF THE INVENTION 

[0002] There are many medical procedures currently prac 
ticed in Which a ?uid is administered to the subject being 
treated, Where such procedures include drug delivery, imag 
ing agent delivery, irrigation, etc. In many situations, it is 
desirable to provide for localiZed ?uid delivery to a speci?c 
region or location (i.e., site) of the subject being treated. 
Such situations include those in Which a toxic agent is being 
administered and it is desired to reduce the systemic toxicity 
of the agent; those in Which an expensive agent is being 
administered and targeted delivery is su?icient for the 
intended purpose; and the like. 

[0003] A number of different localiZed ?uid delivery 
devices have been developed for use in a variety of proce 
dures. For example, numerous and diverse ?uid delivery 
devices, e.g., catheter and non-catheter devices, that provide 
for localiZed ?uid delivery to a particular site have been 
developed to be used in a variety of different applications. In 
many such embodiments, the ?uid delivery devices are 
relatively complex in that they include various isolation 
elements for producing an isolated environment around the 
target site. While such devices can be effective, the isolated 
environment is typically much larger than the target site, 
resulting in contact of the ?uid With unWanted areas adjacent 
to the target site. 

[0004] As such, there is a continued need for the devel 
opment of additional ?uid delivery devices for use in 
localiZed ?uid delivery to a speci?c region, location or site 
of a subject. Of particular interest Would be the development 
of such a device that Was simple and provided for precise, 
highly localiZed delivery of ?uid to a target site With 
minimal, if any, ?uid contact to regions adjacent to the target 
site. 

Relevant Literature 

[0005] US. Patents of general interest include: US. Pat. 
Nos. 4,445,892; 4,573,966; 4,610,662; 4,636,195; 4,655, 
746; 4,690,672; 4,824,436; 4,911,163; 4,976,733; 5,059, 
178; 5,090,960; 5,167,628; 5,195,955; 5,222,941; 5,370, 
609; 5,380,284; 5,443,446; 5,462,529; 5,496,267; 5,785, 
675; and 5,833,650. Also of interest are US. Pat. Nos. 
5,913,856 and 5,913,854. See also PCT publication No. WO 
01/05210. Also of interest are: WO 00/03651; WO 
01/13985; and WO 01/15767 and US. Pat. No. 6,156,350. 

SUMMARY OF THE INVENTION 

[0006] Fluid delivery devices having a porous applicator, 
as Well as methods for using the same in the highly localiZed 
delivery of ?uid to a target site, are provided. The subject 
devices have a porous applicator through Which ?uid must 
?oW in order to contact the target delivery site. Both 
open-?eld surgical, e.g., “hand-held,” and percutaneous 
devices, e.g., for use in intervential approaches, such as 
beating heart applications, are provided. The subject devices 
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?nd use in a variety of ?uid delivery applications in Which 
the localiZed delivery of a ?uid to a target site is desired. 
Also provided are systems and kits that include the subject 
?uid delivery devices. 

BRIEF DESCRIPTION OF THE FIGS. 

[0007] FIGS. 1A and 1B provide generaliZed representa 
tions of tWo different types of porous applicators found in 
?uid delivery devices of the subject invention. 

[0008] FIG. 2 provides a three-dimensional vieW of the 
distal end of a representative embodiment of a device 
according to the present invention. 

[0009] FIG. 3 provides a vieW along line A-A of FIG. 2. 

[0010] FIG. 4 provides a three-dimensional vieW of an 
individual ?uid contact element con?gured to ?t inside of an 
aortic sinus of an aortic valve. 

[0011] FIG. 5 provides a three-dimensional vieW of an 
impermeable backing element of the ?uid contact element 
depicted in FIG. 4. 

[0012] FIG. 6 provides another cutaWay three-dimen 
sional vieW of the device shoWn in FIG. 2. 

[0013] FIGS. 7A and B provide vieW of an alternative 
embodiment of an aortic valve treatment device according to 
the subject invention, Where the ?uid contact elements are 
detachable from the remainder of the device. 

[0014] FIG. 8 provides a vieW of a ?uid delivery device 
according to a second embodiment of the subject invention. 

[0015] FIG. 9 provides a cross-sectional vieW of a ?uid 
delivery device according to a third embodiment of the 
subject invention. 

[0016] FIGS. 10A to 10D provide different vieWs of a 
?uid delivery device according to a fourth embodiment of 
the subject invention. 

[0017] FIG. 11 provides a vieW of a ?uid delivery device 
according to a ?fth embodiment of the subject invention. 

[0018] FIG. 12 provides a vieW of a ?uid delivery device 
according to a sixth embodiment of the subject invention. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0019] Fluid delivery devices having a porous applicator, 
as Well as methods for using the same in the highly localiZed 
delivery of ?uid to a target site, are provided. The subject 
devices have a porous applicator through Which ?uid must 
?oW in order to contact the target delivery site. The subject 
devices ?nd use in a variety of ?uid delivery applications in 
Which the localiZed delivery of a ?uid to a target site is 
desired. Also provided are systems and kits that include the 
subject ?uid delivery devices. 

[0020] Before the subject invention is described further, it 
is to be understood that the invention is not limited to the 
particular embodiments of the invention described beloW, as 
variations of the particular embodiments may be made and 
still fall Within the scope of the appended claims. It is also 
to be understood that the terminology employed is for the 
purpose of describing particular embodiments, and is not 
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intended to be limiting. Instead, the scope of the present 
invention Will be established by the appended claims. 

[0021] It must be noted that, as used in this speci?cation 
and the appended claims, the singular forms ua,‘“‘an” and 
“the” include plural reference unless the context clearly 
dictates otherwise. Unless de?ned otherWise all technical 
and scienti?c terms used herein have the same meaning as 
commonly understood to one of ordinary skill in the art to 
Which this invention belongs. 

[0022] Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the loWer limit, unless the context clearly dictates otherWise, 
betWeen the upper and loWer limit of that range and any 
other stated or intervening value in that stated range, is 
encompassed Within the invention. The upper and loWer 
limits of these smaller ranges may independently be 
included in the smaller ranges, and such embodiments are 
also encompassed Within the invention, subject to any spe 
ci?cally excluded limit in the stated range. Where the stated 
range includes one or both of the limits, ranges excluding 
either or both of those included limits are also included in 
the invention. 

[0023] All publications mentioned herein are incorporated 
herein by reference for the purpose of describing and dis 
closing components that are described in the publications 
that might be used in connection With the presently 
described invention. 

[0024] As summariZed above, the present invention pro 
vides ?uid delivery devices and methods for their use that 
provide for highly localiZed ?uid delivery to a target site, 
particularly an internal physiological target site. In further 
describing the subject invention, the ?uid delivery devices 
are described ?rst in greater detail, folloWed by a revieW of 
methods of using the devices in localiZed ?uid delivery, as 
Well as kits and systems that ?nd use in practicing the 
methods. 

Fluid Delivery Devices-General Features 

[0025] As summarized above, the subject invention pro 
vides ?uid delivery devices for the localiZed delivery of a 
?uid to a target site of a subject, i.e., a physiological target 
site, Where the target site may be an internal target site or an 
external target site. By target site is meant a speci?c region, 
location or area of a subject, Where the term “subject” is used 
to refer to an animal, e.g., reptile, bird, mammal, etc, Where 
the subject is usually a mammal, e.g., a primate, ungulate 
(hoofed animal, such as coW, horse, sheep, pig) dog, cat, etc., 
Where the subject is, in many embodiments, a primate and 
often a human. In providing for localiZed delivery, the 
subject devices also remove ?uid from the target site. A 
feature of the subject devices is the presence of a porous 
applicator through Which ?uid must ?oW during ?uid deliv 
ery/target site contact in order to contact the target site. 

[0026] The subject ?uid delivery devices are characterized 
by having at least the folloWing elements: (a) a porous 
applicator; (b) a ?uid delivery element; and (c) an aspiration 
element. These elements Work in concert to provide for 
highly localiZed and controlled delivery of ?uid to a target 
site, be the target site an internal or external target site. Each 
of these features are noW described separately in more detail. 
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Porous Applicator 

[0027] The porous applicator is a porous structure that 
serves as a metering structure for the ?uid and limits the 
region of the target site that the ?uid contacts upon admin 
istration or delivery, thereby providing for highly localiZed 
?uid delivery. The region of porosity, e.g., porous tip, has a 
porosity that provides for the desired contact of ?uid With 
the target site of the subject While at the same time limiting 
the ?oW of ?uid into non-target sites proximal to the target 
site. The porosity of the applicator may be constant or 
variant, i.e., it may be the same throughout the applicator or 
vary betWeen different regions of the applicator, e.g., a 
porous gradient may be present. Typically, the porosity of 
the porous region ranges from about 20 to 1,000 u, usually 
from about 30 to 250 uand more usually from about 35 to 70 
p. In many embodiments, the porosity of the applicator is 
selected to provide for a ?oW rate through the applicator that 
ranges from about 0.1 ml/hr to about 100 l/hr, usually from 
about 600 ml/hr to about 3 l/hr. 

[0028] The porous applicator may have a number of 
different con?gurations, depending on the target site With 
Which it is to be employed and the particular application in 
Which it is to be employed. For example, in certain embodi 
ments, e.g., the porous applicator has a con?guration that is 
tailored in shape With respect to the target site. For example, 
in the representative embodiment designed for use in deliv 
ery a ?uid to an aortic valve lea?et, the porous applicator 
may be shaped to ?t inside of, and contact substantially the 
entire surface area of, an aortic sinus. Alternatively, the 
porous applicator may be shaped like a scalpel blade or 
spatula Where the target ?uid delivery site is a tissue crevice 
or analogous structure. In yet other embodiments Where the 
porous applicator is part of a delivery device designed for 
delivery of ?uid to an internal vascular site from a remote 
external point, such as the catheter embodiments of the 
subject invention described in greater detail beloW, the 
porous applicator may be shaped like a cylinder or other 
analogous con?guration through Which ?uid must ?oW to 
contact the target site. The above examples are merely 
representative, it being readily apparent to those of skill in 
the art that the porous applicator may be con?gured in any 
convenient manner With respect to the target ?uid delivery 
site and still come Within the scope of the present invention. 

[0029] A given device may have a single porous applicator 
or multiple applicators, Where the applicators may or may 
not be part of distinct ?uid contact elements, as described in 
greater detail beloW. For example, in certain of the repre 
sentative embodiments described beloW, the devices have 
three separate applicator/ ?uid contact elements-one for each 
valve lea?et of the aortic valve. The porous applicator/?uid 
contact element(s) may or may not be detachable from the 
remainder of the device, depending on the nature of the 
particular and recommended protocol for its use. For 
example, in certain embodiments, the porous applicators are 
detachable from the remainder of the device and, during use, 
are ?tted into the device, as described in greater detail beloW. 

[0030] While the particular dimensions and shape of the 
porous applicator may vary greatly depending on the nature 
of the target site, device and ?uid to be delivered, as Well as 
procedure being practiced, the porous applicator Will gen 
erally have an overall mass that ranges from about 0.1 to 
about 1 kg, usually from about 1 g to about 100 g and more 
usually from about 5 g to about 50 g. 
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[0031] As indicated above, the porous applicator is located 
in the device at a position that requires the ?uid to ?oW 
through the porous applicator in order to contact the target 
site. Therefore, the porous applicator is typically positioned 
at the distal end (i.e., the end furthest from the operator of 
the device or closest to the target site during use) of a ?uid 
delivery device. 

[0032] In certain device con?gurations, ?uid ?oW through 
the applicator is parallel to the distal end of the applicator 
that contacts the target site, such that the ?uid applicator is 
a porous ?uid ?oW path and the sides of the ?oW path contact 
the target site during ?uid delivery. This con?guration is 
illustrated in FIG. 1B, Where ?uid ?oW through the appli 
cator 10 is parallel to the distal end 14 of the applicator, as 
indicated by arroWs 16. In this con?guration, as ?uid ?oWs 
in the direction of arroWs 16, the ?uid along the distal edge 
14 of the applicator 10 contacts the target site With Which the 
distal end or edge 14 of the applicator is adjacent This 
embodiment ensures that fresh ?uid is alWays contacted With 
the target site. 

[0033] In other device con?gurations, the porous applica 
tions con?gured in the device such that ?uid ?oWs through 
the applicator in a direction normal to the distal end of the 
applicator that contacts the target site during ?uid delivery. 
In other Words, ?uid ?oWs through the entire applicator in a 
direction toWards the distal end of the applicator. FIG. 1A 
provides a representation of the ?uid ?oW through the 
applicator in these embodiments. In FIG. 1A, porous appli 
cator 10 has a proximal end 12 and a distal end 14, Where 
the distal end 14 is the end that contacts the target site during 
?uid delivery. ArroWs 16 indicate the direction of ?uid ?oW 
through the applicator, i.e., in a direction normal to the distal 
end 14 of the applicator. 

[0034] Whether the device is con?gured for ?uid to ?oW 
parallel With or normal to the distal end of the applicator 
varies With respect to the particular device con?guration and 
the intended application for Which the device is designed to 
be used. Representative embodiments of each of these 
con?gurations are provided in greater detail beloW. 

[0035] The porous applicator is fabricated from any con 
venient porous material. Porous materials of interest include 
polymeric materials, e.g., plastics such as polyethylene, 
PTFE, etc.; metals, e.g. stainless steal, etc., composite 
materials; and the like, Where in principle the porous appli 
cator may be fabricated from any convenient, physiologi 
cally compatible material that is also compatible With the 
?uid that is delivered through it. In certain embodiments, the 
porous applicator is fabricated from a compliant material, 
Which provides for a certain degree of compliance upon 
contact With the target delivery site, thereby providing for 
further control over the region With Which ?uid is contacted, 
such that the porous applicator makes a ?ush juxtaposition 
With the target tissue upon contact With the target site, much 
like a sponge conforms to a surface upon Which it is placed. 
In many of these embodiments, the compliant material from 
Which the applicator is fabricated is a polymeric material. 

[0036] In yet other embodiments, the porous applicator is 
fabricated from a material that is “harder” than a material 
Which has a Mohs scale rating of 5; e.g., it has a “hardness” 
that is at least about 6 on the Mohs scale, such that its 
hardness is at least that of orthoclase. As such, the material 
is a material that is capable of physically modifying, e.g., 
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scratching or deforming the surface of, an apatitic structure 
upon contact With the apatitic structure, Without itself being 
modi?ed. Representative materials from Which the applica 
tor is fabricated in these particular embodiments are metals, 
e.g., stainless steel and other physiologically compatible 
metals. 

[0037] The porous applicator may also be a composite or 
hybrid structure that includes both permeable and imperme 
able regions. 

[0038] HoWever, in many preferred embodiments, the 
porous applicator is fabricated from a compliant material, 
Which provides for the ability to conform the applicator to 
the target site during use and therefore better localiZe ?uid 
delivery, as discussed above. For purposes of convenience, 
the inventive device are noW further described in terms of 
this preferred embodiment. 

Fluid Delivery Element 

[0039] In addition to the porous applicator, the subject 
devices also include a ?uid delivery element that conveys 
?uid to the applicator from a ?uid source. The ?uid delivery 
element may be any convenient ?uid conveyance structure, 
and in many embodiments is a tube or analogous structure, 
e.g., an elongated structure having a lumen therein through 
Which ?uid can ?oW. The ?uid delivery element is typically 
an elongated structure and has a distal and proximal end, 
Where the distal end of the ?uid delivery element is in ?uid 
communication With the proximal end of the porous appli 
cator element, as described above. The proximal end of the 
?uid delivery element is, at least during use, in ?uid com 
munication With a source of ?uid to be delivered to the target 
site, e.g., a ?uid reservoir containing the to be delivered 
?uid. 

[0040] While the ?uid delivery element is an elongated 
structure, its length may vary greatly depending on the 
particular type of device, e.g., Whether the device is a 
“hand-held” device for use in open surgery or a catheter 
device for use in percutaneous ?uid delivery applications. 
(As used herein, the term “open surgical” is employed to 
describe protocols in Which the surgeon has direct, visual 
access to the target site; While the term “percutaneous” refers 
to protocols in Which the surgeon does not have direct visual 
access to the target site, but instead employs a visualiZation 
means, such as a ?uorescopy scanning device). 

[0041] As such, the length of the device may range from 
about 10 to about 300 cm, often from about 20 to about 200 
cm. In many hand-held embodiments intended for use in 
open surgical applications Where remote access is not 
required, the length of the ?uid delivery element often 
ranges from about 10 cm to about 50 cm, usually from about 
20 cm to about 30 cm. In many catheter embodiments Where 
the device is intended for percutaneous access, the length of 
the ?uid delivery element typically ranges from about 50 cm 
to about 300 cm, usually from about 100 cm to about 200 
cm. 

[0042] The ?uid delivery element is con?gured to provide 
for the desired ?oW rate of ?uid to the porous applicator. As 
such, this element is con?gured to provide for a ?oW rate 
that typically ranges from about 0.1 ml/hr to about 10.0 l/hr, 
usually from about 600 ml/hr to about 3 l/hr. In many 
embodiments Where this element includes a ?uid delivery 
lumen, e.g., inside of a tube or analogous structure, the inner 
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diameter of the lumen typically ranges from about 0.25 mm 
to about 10 mm, usually from about 0.5 mm to about 2 mm. 

Aspiration Element 

[0043] The subject ?uid delivery devices typically further 
include a ?uid aspiration element that provides for removal 
of ?uid from the target site and/or ?oW of the ?uid through 
the porous applicator (e.g., in those applicator embodiments 
Where ?uid ?oW is perpendicular to the distal end that 
contacts the target site). As such, the subject devices may be 
vieWed as devices that locally ?ush a target site With a ?uid, 
such that the target site is constantly contacted With fresh 
?uid by the ?uid delivery device. The ?uid aspiration 
element is generally a ?uid ?oW path (or collection of ?uid 
?oW paths) that has one or more openings through Which 
?uid, as Well as gases and debris, may ?oW aWay from at 
least the vicinity or region of the target site and/or distal end 
of the device, e.g., the distal/contact end of the porous 
applicator and therefore target site, Where the ?oW path may 
be connected to a negative pressure element, e.g., a vacuum, 
to provide for a sufficient force to pull ?uid aWay from the 
target site through the aspiration element. In certain embodi 
ments, the opening (or openings) of the ?uid aspiration 
element has an effective total cross-sectional area that is 
su?iciently large to remove ?uid, and debris, from the 
vascular site. 

Second Fluid Delivery Element 

[0044] In certain embodiments, the subject devices 
include a second ?uid delivery element, e.g., a buffer deliv 
ery element, as described in greater detail beloW. This 
second ?uid delivery element may be present in a variety of 
different locations in the device, depending on hoW ?uid 
delivery from this element is desired relative to the delivery 
of ?uid by the porous applicator. 

Fluid Driving Element 

[0045] In certain embodiments, the device includes an 
element Which serves to drive ?uid out of the porous 
applicator. In many such embodiments, this ?uid driving 
element is a mechanical element, that mechanically drives 
?uid out of the porous applicator, and consequently into the 
target site With Which the porous applicator is in contact. Of 
particular interest are mechanical driving elements that 
compress the porous applicator to drive ?uid out of the 
porous applicator. In certain of these embodiments, the 
mechanical driving element provides for a cyclical compres 
sion and expansion of the porous applicator, such that ?uid 
is cyclically driven out of and then draWn back into the 
porous applicator, Where these embodiments are useful in 
ensuring that fresh ?uid is repeatedly driven into the target 
site. A variety of different mechanical ?uid driving elements 
may be employed, such as expandable balloons placed 
beneath the porous applicators, a spring element that can be 
expanded and contracted, and the like. Any convenient such 
element may be employed. 

External Energy Application Element 

[0046] In certain embodiments, external energy applica 
tion elements are included in the devices, e.g., to apply 
external energy to the target site (e.g., aortic valve) to 
promote mechanical break-up of the calci?ed deposits into 
particles or debris that can be easily removed from the 
vascular site. Any technology of applying external energy to 
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the target site may be present on the subject devices. As 
such, jets or other such technologies that are capable of 
providing varying external forces to the target deposits to 
cause the target deposit to break up or disrupt may be 
employed. Of particular interest in many embodiments is the 
use of sonic energy, Where sonic energy of interest includes 
infrasound, audible sound and ultrasound. The sonic energy, 
e.g., ultrasound, can be applied during the entire time of 
contact of the cardiovascular tissue With the acidic treatment 
solution, or it can be applied for only part of the treatment 
period. In one embodiment, the sonic energy is applied for 
several short periods of time While the dissolution treatment 
solution is contacted With the target occlusion. Sonic energy 
elements that are suitable for use With the subject methods 
are knoWn and readily available to those of skill in the art. 
For example, U.S. Pat. Nos. 5,695,460; 5,997,497; 6,047, 
700; 6,083,573; 6,113,570; and 6,308,714; as Well as the 
United States Patents cited therein; all describe various 
ultrasound technologies for delivering ultrasound to a physi 
ological, including cardiovascular, site, Where such tech 
nologies include transdermal delivery technologies. The 
disclosures of each these patents as Well as those cited 
therein With respect to their discussions of ultrasound deliv 
ery technologies are herein incorporated by reference. Also 
of interest are mechanical means of applying external 
energy. Mechanical means of interest include moving struc 
tures, e.g. rotating Wires, guideWires, Which physically con 
tact the target lesion and thereby apply physical external 
energy to the target lesion. 

Additional Features 

[0047] The subject ?uid delivery devices are further char 
acteriZed by being capable of being attached at their proxi 
mal ends, either directly or through one or more attachment 
means, to a ?uid reservoir, e.g., an acidic dissolution ?uid 
reservoir, a pharmacological agent ?uid reservoir, etc. In 
many embodiments, the proximal end of the device is further 
characterized by having a means for attaching to a vacuum 
or negative pressure element that provides for aspiration of 
?uid through the aspiration element of the device. Typically, 
the above described attachment element(s) is a manifold or 
similar structure, Which may or may not be equipped With 
various valves, as is knoWn in the art. 

Methods of Fabrication 

[0048] The above ?uid delivery devices may be fabricated 
using an convenient protocol, Where protocols that may be 
used to fabricate the devices, including extrusion, microma 
chining (e.g., laser drilling), etc., are knoWn and readily 
practiced by those of skill in the art. 

Fluid Delivery Device-Speci?c Embodiments 

[0049] As indicated above, a variety of different embodi 
ments of the subject localiZed ?uid delivery devices are 
provided. Common to each of these embodiments is the 
presence of a porous applicator, as described above. The 
devices can be further characterized as tWo different types: 
(a) one in Which the porous applicator provides for ?uid ?oW 
through the applicator in a direction parallel to the distal end 
of the applicator such that the porous applicator is a porous 
?uid ?oW path, e.g., as shoWn in FIG. 1A; and (b) one in 
Which the porous applicator provides for ?uid ?oW through 
the applicator in a direction normal to the distal end, e.g., as 
shoWn in FIG. 1B. The folloWing section provides descrip 






















