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(57) ABSTRACT 

An apparatus, System, and method are provided for reducing 
interstitial fluid pressure in tissue, particularly in tumors. 
The apparatus includes an aspiration probe with at least one 
Slit along its body to provide fluid communication between 
the aspiration probe and the tissue. Suction in the chamber 
of the aspiration probe generated by a Suction Source reduces 
the interstitial fluid pressure. Compared to prior art devices, 
the geometry of the Slit of the aspiration probe is less likely 
to become blocked. The present invention also includes a 
cleaning obturator to unclog the Slit and a blocking obturator 
to prevent accumulation of tissue in the aspiration probe 
chamber when suction is off. The blocking obturator can be 
made of a number of biocompatible materials, including a 
material impregnated with a pharmacological agent. In order 
to enhance delivery of the pharmacological agent or any 
drug, the present invention also includes a conducting obtu 
rator made of an electrically conductive material to Serve as 
an electroporation electrode. In one embodiment, at least a 
portion of the aspiration probe is made of an electrically 
conductive material and serves as an electroporation elec 
trode. 
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APPARATUS AND METHOD FOR REDUCING 
INTERSTITIAL FLUID PRESSURE AND 

ENHANCING DELIVERY OF ATHERAPEUTIC 
AGENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001) The benefit of Provisional Application no. 60/183, 
150 filed on Feb. 17, 2000 is claimed under 35 U.S.C. 
S119(e). 

FIELD OF THE INVENTION 

0002 The present invention relates to an apparatus and 
method for reducing interstitial fluid preSSure, enhancing 
radiation therapy, and enhancing delivery and effectiveness 
of therapeutic agents in tissue, particularly in tumors. 

BACKGROUND OF THE INVENTION 

0003) Throughout this application various publications 
are referenced and citations are provided in the Reference 
Section. The disclosure of these publications in their entire 
ties are hereby incorporated by reference into this applica 
tion in order to more fully describe the state of the art to 
which this invention pertains. 
0004 Cancer is the second leading cause of death in this 
country and still continues to be a public health problem of 
increasing significance." Cancer therapy may be categorized 
into three major approaches: Surgical excision, radiotherapy, 
and chemotherapy. Chemotherapy is defined as the treat 
ment of cancer by a Systemic administration of drugs. 
0005. Unfortunately, most drugs which showed promis 
ing effects in vitro have failed to be as effective in vivo, 
particularly in Solid tumors. It has been proposed that one of 
the major reasons for this failure is the impediment of drug 
transport into tumors. In particular, a physiological barrier 
created by raised interstitial fluid pressure appears to be 
responsible. The interstitial fluid pressure is raised in tumors 
primarily because of the lack of lymphatics in tumors and 
growth of tumor cells in confined spaces. The raised inter 
Stitial fluid pressure in tumors is a principal transport 
retarding factor for the delivery of drugs. Such as macromol 
ecules, i.e., large molecular weight molecules Such as 
monoclonal antibodies (MoAb), tumor necrosis factor, and 
other chemotherapeutic agents. 
0006 Jain et al. Suspected that elevated interstitial fluid 
preSSure is a principal transport retarding factor in Mo Ab 
delivery because of the lack of lymphatics in the tumor.’ In 
normal tissue, maintenance of the fluid balance within the 
tissue Spaces is dependent upon the interplay of hydroStatic 
and colloid osmotic preSSures operating on a vascular net 
work with uneven permeability and with dissimilar 
eXchange area with the aid of the lymphatic System. The 
lymphatics are responsible for returning extravasated fluids 
and macromolecules to circulation throughout the body. 
Most macromolecules, including proteins, cannot return to 
circulation without the lymphatic System after they percolate 
through the endothelial wall." Accordingly, lymphatic drain 
age is a factor of primary importance in maintaining fluid 
balance. Once the equilibrium is disrupted, dehydration or 
edema in the tissue would result from the imbalanced colloid 
oSmotic and hydrostatic vascular pressure. These relations 
are well described by Starling's hypothesis. 
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0007 A functioning lymphatic system as an anatomical 
entity has not been demonstrated in the tumor. The absence 
of lymphatics affords no alternative way by which macro 
molecules can re-enter the circulation after their extravasa 
tion through the capillaries. The potential of fluid flow into 
the tumor is hindered by an opposing force with equivalent 
magnitude from interstitial fluid preSSure. This opposing 
force increases until all the forces in Starling's Law are 
balanced. The convective component of drug transport from 
capillary to interstitial Space is blocked and the predominant 
mechanism is molecular diffusion. Fluid oozes out toward 
the tumor Surface because of the lower effective pressure at 
the tumor periphery resulting from draining advantage by 
lymphatics of the normal tissue at the tumor periphery. This 
outward fluid velocity from the tumor center to the tumor 
periphery additionally hinders the diffusional movement of 
treatment molecules into the tumor center. Decreased intra 
vascular preSSure and/or increased interstitial preSSure in 
tumors has been demonstrated by several investigators.'' 
0008 Findings to date indicate that elevated interstitial 
fluid pressure has been attributed to the absence of a 
well-defined lymphatic system in the tumor," and to 
increased permeability of tumor vessels.'" Researchers 
reported that interstitial fluid pressure increases with tumor 
size.' The increase in interstitial fluid pressure has also 
been shown to correlate with reduction in tumor blood flow 
(lower blood perfusion rate) and the development of necro 
sis in a growing tumor.''' 
0009 Jain et al. presented a mathematical model describ 
ing the possible relationship between the distribution of 
macromolecules, e.g., monoclonal antibodies (MoAbs) and 
elevated interstitial pressure. They proposed that increased 
interstitial fluid pressure might be responsible for the poor 
penetration of MoAbS into tumors including the heteroge 
neous blood perfusion, hindered diffusion in the interstitium, 
and extravascular binding of Mo Abs. Furthermore, they 
Stated that the elevated interstitial pressure principally 
reduces the driving force for extravasation of fluid and 
macromolecules in tumors, and leads to an experimentally 
Verifiable, radially outward convection which opposed the 
inward diffusion. They have presented results from several 
mathematical models and the models implications to Sup 
port their hypothesis.’’ 
0010) A variety of approaches have been tried to enhance 
delivery of therapeutic agents to tumors. For example, U.S. 
Pat. No. 5,484,399 to DiResta et al. (“DiResta 399 patent”), 
the contents of which are incorporated herein by reference, 
discloses a proceSS and device to reduce interstitial fluid 
pressure in tissue. Briefly, the DiResta 399 patent discloses 
an artificial lymphatic System (ALS) which includes a 
plurality of aspiration tubes, each having a plurality of 
aspiration holes, and a manifold for connecting the tubes to 
a vacuum Source. Experimental Studies have shown that the 
ALS has resulted in reduced interstitial fluid pressure within 
tumors, increased blood flow within tumors, and enhanced 
uptake of chemotherapeutic drugs into the tumors. Specifi 
cally, by reducing interstitial fluid preSSure, blood flow, pH, 
and p0 all increase to more normal levels. These changes 
increase delivery of drugs to the tissue and drug uptake into 
the cells. The increase in tissue pH enhances the reaction 
kinetics of drugs whose pH optimum is in the normal range. 
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Increasing p0 enhances radiation therapy because oxygen 
is the most potent radiation-Sensitizing agent currently 
known. 

0.011 Despite these promising findings, there are limita 
tions to the ALS. Specifically, the small holes in the ALS 
may tend to become blocked with time. As a result, long 
term use of the ALS could potentially be problematic. Long 
term use of the ALS may further be complicated by the lack 
of a mechanism to Secure the drains of the ALS to the tissue 
so that the drains remain spatially fixed. Finally, the ALS had 
no features that facilitate use with adjunct therapies that 
enhance drug delivery. Use of various other therapies to 
enhance efficacy of the ALS would be desirable. However, 
until now, no other adjunct therapy has been used in con 
junction with the ALS. 
0012 Electroporation is another therapy that has been 
used to enhance delivery of therapeutic agents to tumors. 
Recent Studies have demonstrated that electroporation may 
be beneficial in the treatment of accessible Solid tumors. 
Electroporation is a technique that uses pulsed electric fields 
to create transient pores within cell membranes to tempo 
rarily increase the membrane's permeability to exogenous 
molecular agents. The electric fields are created between 
pairs of needle electrodes inserted into a tissue region of 
interest. The electrode Separation distance is typically fixed 
and a grid array of electrodes is used to treat tissue regions. 
0013 AS electroporation requires that the desired drugs 
be within the tissue region to be treated when the electric 
field is induced, the major problem with the Successful use 
of electroporation is the need for an adequate quantity of the 
therapeutic agent in the region at which the electric field will 
be generated. Blood flow is low in many solid tumors and 
thus drugs administered via intravenous or intra-arterial 
routes frequently do not enter the tumor in cytotoxic con 
centrations. AS an alternative, intra-tumoral injections are 
used to deliver the drugs directly into the tumor regions 
Scheduled for electroporation to avoid the transport prob 
lems. However, the drug distribution from intra-tumoral 
injection is non-uniform and the technique requires multiple 
injections with fan motions that may damage the tissue. 
0.014 AS previously indicated, low tumor blood flow 
results from the existence of elevated interstitial fluid pres 
Sure within the tumor. The physiological basis cited to 
explain this phenomena includes the tumor's "leaky' cap 
illaries and lack of a functioning lymphatic System to drain 
the excess fluid that accumulates within the interstitial 
spaces. The elevated interstitial fluid pressure throttles the 
blood flow that delivers drug to tumors. In addition, the 
elevated interstitial fluid preSSure reduces the convective 
component of drug movement from the capillaries into the 
interstitial spaces. As a result, drug movement proceeds via 
diffusion, a much slower process. It would be advantageous 
to use a System, Such as the ALS, in conjunction with 
electroporation So that drug delivery is enhanced. However, 
as the ALS was not designed for use with electroporation, 
their simultaneous use is not Straightforward. 
0.015 Thus, there exists a need for an improved apparatus 
and process for reducing interstitial fluid pressure and 
enhancing delivery of a therapeutic agent. 

SUMMARY OF THE INVENTION 

0016. The present invention relates to an interstitial fluid 
preSSure reducing apparatus that includes an aspiration 
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probe having a body with an open proximal end and a closed 
distal end, an interior chamber defined by the body and 
proximal and distal ends, and at least one Slit along the body 
providing fluid communication between the chamber of the 
aspiration probe and tissue upon insertion of at least a 
portion of the aspiration probe in tissue. The proximal end 
is configured and dimensioned for coupling to a Suction 
Source for generating Suction in the chamber of the aspira 
tion probe upon connection with the aspiration probe to 
thereby reduce interstitial fluid pressure of the tissue. 
0017. In order to secure the aspiration probe to tissue, the 
aspiration probe can have a Suture ring at the proximal end. 
In one embodiment, at least one hole is defined in the Suture 
ring shaped to receive a Suture. The apparatus can include a 
connection member having a first end configured and dimen 
Sioned for removably connecting with the proximal end of 
the aspiration probe and a Second end configured and 
dimensioned for removably connecting with the Suction 
SOCC. 

0018. The apparatus optionally includes other compo 
nents. One Such component is a cleaning obturator config 
ured and dimensioned for Sliding movement into the cham 
ber through the proximal end of the aspiration probe. The 
cleaning obturator has at least one fin engaging at least one 
Slit upon insertion of the cleaning obturator into the chamber 
for removing any debris from the slit. 
0019. A blocking obturator can also be a component of 
the apparatus. The blocking obturator is configured and 
dimensioned to fit within the chamber to block at least one 
slit. As a result, fluid communication between the chamber 
of the aspiration probe and tissue is blocked to prevent 
accumulation of tissue or debris in the chamber. The block 
ing obturator can have at least one rib configured and 
dimensioned to block at least one slit. 

0020. The apparatus can also include a conducting obtu 
rator configured and dimensioned for sliding movement into 
the chamber. The conducting obturator is made of an elec 
trically conductive material for Serving as an electrode for 
electroporation. In one embodiment, at least a portion of the 
aspiration probe is made of an electrically conductive mate 
rial for Serving as an electrode for electroporation. 
0021. The present invention also relates to an interstitial 
fluid pressure reducing apparatus comprising an aspiration 
probe having a body with an open proximal end and a closed 
distal end, an interior chamber defined by the body and 
proximal and distal ends, and a plurality of apertures along 
the body providing fluid communication between the cham 
ber of the aspiration probe and tissue upon insertion of at 
least a portion of the aspiration probe in tissue. The proximal 
end is configured and dimensioned for coupling with a 
Suction Source for generating Suction in the chamber of the 
aspiration probe upon connection with the aspiration probe 
to thereby reduce interstitial fluid pressure of the tissue. The 
apparatus further comprises a cleaning obturator configured 
and dimensioned for sliding movement into the chamber 
through the proximal end of the aspiration probe. The 
cleaning obturator has at least one protrusion engaging the 
plurality of apertures upon insertion of the cleaning obtura 
tor into the chamber for removing any debris from the 
plurality of apertures. 
0022. The present invention also relates to an interstitial 
fluid pressure reducing apparatus comprising an aspiration 
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probe having a body with an open proximal end and a closed 
distal end, an interior chamber defined by the body and 
proximal and distal ends, and a plurality of apertures along 
the body providing fluid communication between the cham 
ber of the aspiration probe and tissue upon insertion of at 
least a portion of the aspiration probe in tissue. The proximal 
end is configured and dimensioned for coupling with a 
Suction Source for generating Suction in the chamber of the 
aspiration probe upon connection with the aspiration probe 
to thereby reduce interstitial fluid pressure of the tissue. The 
apparatus further comprises a blocking obturator configured 
and dimensioned to fit within the chamber to block the 
plurality of apertures thereby blocking the fluid communi 
cation between the chamber of the aspiration probe and 
tissue for preventing accumulation of tissue or debris in the 
chamber. The blocking obturator can be impregnated with a 
therapeutically effective amount of a pharmacological agent, 
Such as an antibiotic. In one embodiment, the blocking 
obturator is made of a biocompatible polymer, Such as 
polymethyl methacrylate. At least a portion of the blocking 
obturator can be made of an electrically conductive material 
for Serving as an electrode for electroporation. 
0023 The present invention also relates to a system for 
reducing interstitial pressure of tissue. The System com 
prises at least two aspiration probes, each having a body 
with an open proximal end and a closed distal end, an 
interior chamber defined by the body and proximal and 
distal ends, and at least one Slit along the body providing 
fluid communication between the chamber of the aspiration 
probe and tissue upon insertion of at least a portion of the 
aspiration probe in tissue. A Suction Source generates Suction 
in the chamber of each of the aspiration probes upon 
connection with the respective aspiration probe to thereby 
reduce interStitial fluid pressure of the tissue. The System 
also includes a plurality of connection members, each hav 
ing a first end configured and dimensioned for removably 
connecting with the proximal end of one of the aspiration 
probes and a Second end configured and dimensioned for 
removably connecting with the Suction Source. A manifold 
having a Suction Source port removably connects with the 
Suction Source and a plurality of aspiration probe ports, each 
for removably connecting with one of the connection mem 
bers. Each of the aspiration probes can have a separately 
adjustable vacuum pressure. 
0024. The system can include a chamber defined in the 
manifold in fluid communication with each of the aspiration 
probe ports for collection of aspirated fluid. The System can 
also include a valve operatively associated with each of the 
aspiration probe ports for Selective coupling and uncoupling 
of the aspiration probe port to the Suction Source. A plurality 
of chambers can be defined in the manifold. Each chamber 
is in fluid communication with one of the aspiration probe 
ports for collection of aspirated fluid. Additionally, a valve 
is operatively associated with the Suction Source port for 
Selective coupling and uncoupling to the Suction Source. The 
Valve allows retention of pressure generated by the Suction 
Source upon uncoupling with the Suction Source. In this 
embodiment, at least a portion of the manifold can be 
implantable. The System can optionally include other com 
ponents Such as a cleaning obturator configured and dimen 
Sioned for sliding movement into the chamber through the 
proximal end of one of the aspiration probe. The cleaning 
obturator has at least one fin engaging at least one slit upon 
insertion of the cleaning obturator into the chamber for 
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removing any debris from the slit. The System can also 
include at least one drug delivery probe having a body with 
an open proximal end and a closed distal end, an interior 
chamber defined by the body and proximal and distal ends, 
and at least one Slit along the body providing fluid commu 
nication between the chamber of the drug delivery probe and 
tissue upon insertion of at least a portion of the drug delivery 
probe in tissue. At least a portion of at least one of the 
aspiration probes can be made of an electrically conductive 
material for Serving as an electrode for electroporation. 
0025 The present invention also relates to a method for 
reducing interstitial fluid preSSure of tissue comprising the 
Steps of implanting at least a portion of an aspiration probe 
in tissue; coupling the aspiration probe to a Suction Source to 
generate Suction in the aspiration probe and thereby reduce 
interstitial fluid pressure of tissue, and cleaning the aspira 
tion probe to remove debris. At least a portion of the 
aspiration probe remains implanted in tissue when the 
aspiration probe is cleaned. The method can also include the 
Step of inserting a blocking obturator in the aspiration probe 
when Suction is not applied to prevent debris from accumu 
lating in the aspiration probe. Furthermore, the Suction 
Source can Selectively be turned on and off or adjusted to 
different levels to generate a pressure field to assist in 
delivery and distribution of a pharmacological agent to 
tissue regions. 
0026. The present invention also relates to another 
method for reducing interstitial fluid pressure of tissue. At 
least a portion of at least two aspiration probes is implanted 
in tissue. At least one of the aspiration probes is coupled to 
a Suction Source to generate Suction and thereby reduce 
interstitial fluid pressure of tissue. Drug is delivered to the 
tissue and the delivery of the drug is assisted with electropo 
ration. At least a portion of at least one of the aspiration 
probes is made of electrically conductive material for Serv 
ing as an electrode for the electroporation. In one embodi 
ment, Suction and electroporation occur Simultaneously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 is a side view of an aspiration probe and 
connection member according to the present invention with 
a Suction Source shown in Schematic form; 
0028 FIG. 2 is a side view of a cleaning obturator 
according to the present invention; 
0029 FIG. 3 is a side view of a blocking obturator 
according to the present invention; 
0030 FIG. 4 is a side view of a conducting obturator 
according to the present invention; 
0031 FIG. 5 is a schematic view of a system for reducing 
interstitial fluid preSSure according to the present invention; 
and 

0032 FIG. 6 is a manifold according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0033 FIG. 1 shows a treatment apparatus 10 according 
to the present invention used for a number of therapies, 
including, but not limited to, reducing interstitial fluid 
preSSure, delivery of a pharmacological agent, and elec 
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troporation. AS used for reducing interStitial fluid preSSure, 
apparatus 10 has an aspiration probe 12 for establishing fluid 
communication between apparatus 10 and the tissue to be 
treated, a Suction Source 14 for generating Suction in aspi 
ration probe 12 to thereby reduce interstitial fluid pressure of 
the tissue into which aspiration probe 12 is inserted, and a 
connection member 16 for connecting aspiration probe 12 to 
Suction Source 14. 

0034 Aspiration probe 12 has a body 18 with an open 
proximal end 20 and a closed distal end 22. Proximal end 20 
can be configured for direct connection to Suction Source 14, 
thereby eliminating the need for a separate connection 
member 16. Closed distal end 22 can be rounded as shown 
in FIG. 1. Alternatively, distal end 22 can have a sharp tip 
or any other Suitable configuration. An interior chamber 24 
is defined by body 18 and proximal and distal ends 20, 22. 
The exterior of body 18 can be threaded to facilitate inser 
tion. In this regard, distal end 22 can be in the form of a 
Self-tapping, Self-drilling tip to eliminate the need to drill a 
pilot hole in hard tissue, e.g., bone. Body 18 has at least one 
aperture 26 running along its length for providing the fluid 
communication between chamber 24 and the tissue being 
treated upon insertion of at least a portion of aspiration probe 
12 in the tissue. 

0.035 Aspiration probe 12 can be made of a wide variety 
of biocompatible materials. Examples include a Surgical 
grade stainless Steel (Such as 316L), titanium, a titanium 
based alloy, polymers, and ceramics. Polymers or ceramics 
would be useful for minimizing Scatter if radiation therapy 
is anticipated. Ceramics with plated electronic circuits Serv 
ing as biosensors for measuring pressure, temperature, pH, 
or other environmental parameters are also contemplated by 
the present invention. If aspiration probe 12 is made of an 
electrically conductive material, aspiration probe 12 can also 
Serve as an electrode for electroporation, a treatment dis 
cussed in further detail below. A Second aspiration probe 12 
or a needle electrode Serves as the Second electrode to 
complete the electrode pair for generating an electric field in 
the tissue in which aspiration probe 12 is inserted. 

0.036 The shape, size, number, positioning, and other 
parameters of aperture 26 can be varied to create the desired 
clinical affect. For instance, aperture 26 may be in the form 
of a slit, and four identical Slits may be Symmetrically placed 
on body 18. However, other shapes, such as those disclosed 
in U.S. Pat. No. 5,484,399 to DiResta et al., which is hereby 
incorporated by reference in its entirety, may be used 
instead. If apertures 26 are in the form of slits, the slits 
preferably are elongated, Such shape being leSS Susceptible 
to becoming blocked with biological material than other 
shapes, Such as Smaller apertures. In particular, when Small 
apertures are used with bone tumors, Such as an osteogenic 
Sarcoma, a friable, gritty matrix blocks the Small apertures 
So that there is little or no reduction of interstitial fluid 
preSSure. An elongated Slit geometry, Such as the one shown 
in FIG. 1, overcomes this problem. For instance, it is 
unlikely that any Single particle will block the Slit. 

0037. Furthermore, if slit 26 does becomes blocked, an 
elongated Slit permits simplified cleaning. In this regard in 
accordance with the principles of the present invention, 
apparatus 10 preferably includes a cleaning obturator 28 for 
removing any trapped material from Slit 26. An exemplary 
embodiment of cleaning obturator 28 is shown in FIG. 2. 
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Cleaning obturator 28 has a shaft 30 sized to slide into 
interior chamber 24 of probe 12, and is provided with an 
arrangement of fins 32 corresponding to the arrangement of 
slits 26 on body 18 of aspiration probe 12. As cleaning 
obturator 28 is slid into chamber 24, fins 32 engage slits 26 
to remove any debris from slits 26. Proximal end 34 of 
cleaning obturator 28 is preferably shaped to facilitate 
handling of cleaning obturator 28. In order to further 
enhance the cleaning ability of cleaning obturator 28, Shaft 
30 can be hollow so that fluid flow from a syringe or other 
Source may be imparted to act as a lavage to rinse interior 
chamber 24. Alternatively, the hollow shaft 30 can be 
connected to a Suction Source So that debris within aspiration 
probe 12 is Suctioned out as slits 26 are cleaned. 
0038. In order to use cleaning obturator 28, aspiration 
probe 12 is removed from suction source 14 by disconnect 
ing connection member 16 from aspiration probe 12. Spe 
cifically, a first end 36 of connection member 16, which is 
configured and dimensioned for removably connecting with 
proximal end 20 of aspiration probe 12, is pulled from 
proximal end 20. First end 36 has a seal 38, such as an 
O-ring or a similar element, for creating a fluid-tight Seal 
between aspiration probe 12 and connection member 16. A 
second end 40 of connection member 16 is also preferably 
removably coupled to tubing 42, which leads to Suction 
Source 14. 

0039. It will be appreciated that cleaning obturator 28 
preferably is shaped to effect the desired cleaning of aper 
tures 26. For example, if apertures 26 are elongated slits, fins 
32 extend through the Slits and Serve to push out any debris 
that may have entered. It should be noted that fins 32 need 
not extend the entire length of the elongated slits. If aper 
tures 26 have a shape other than an elongated slit, cleaning 
obturator 28 can have an appropriate configuration. An 
example of Such a configuration is providing cleaning obtu 
rator 28 with bristles. Regardless of the specific configura 
tion of cleaning obturator 28, rotation of cleaning obturator 
as it is inserted in aspiration probe 12 creates a Small well to 
minimize blockage of apertures 26 associated with direct 
contact with adjacent tissue. Thus, cleaning obturator 28 
allows in Situ cleaning of aspiration probe 12, thereby 
permitting long term use of aspiration probe 12. 

0040. At least a portion of aspiration probe 12 is inserted 
in the tissue to be treated So that interstitial fluid pressure can 
be reduced in the tissue by apparatus 10. In one embodiment, 
Substantially all of aspiration probe 12 is implanted to 
minimize patient discomfort. Aspiration probe 12 may be 
provided with a fastening element to facilitate fastening of 
probe 12 at the treatment Site. For example, a Suture ring 44 
with at least one hole 46 for receiving a suture or other 
fastener may be provided So that the implantation location of 
aspiration probe 12 remains constant. 

0041 FIG.3 shows a blocking obturator 48 that prevents 
or reduces accumulation of tissue in Slits 26 when aspiration 
probe 12 is not connected to Suction Source 14. Blocking 
obturator 48 has a shaft 50 sized to snugly slide into interior 
chamber 24. Preferably, shaft 50 is provided with an 
arrangement of elements sized and shaped to mate with 
apertures 26 of probe body 18. In the embodiment of FIGS. 
1 and 3, blocking obturator shaft 50 is provided with ribs 52 
configured to correspond to slits 26 on body 18 of aspiration 
probe 12. As blocking obturator 48 is slid into chamber 24, 



US 2003/O149407 A1 

ribs 52 engage slits 26 to block fluid communication 
between chamber 24 and the tissue. Eliminating or at least 
partially restricting this fluid communication between cham 
ber 24 and the tissue minimizes the chances that tissue can 
get trapped in Slits 26. The potential for trapped tissue can 
result from different phenomena, including debris or tissue 
growth into slits 26. A distal end 54 of blocking obturator 48 
is shaped to facilitate handling of blocking obturator 48. 

0.042 Although blocking obturator 48 can be made of any 
biocompatible material, if blocking obturator 48 is made of 
metal, it is preferably made of the same metal as aspirating 
probe 12 to prevent mixed metal (galvanic) corrosion. If 
blocking obturator 48 is made of an electrically conductive 
material, blocking obturator 48 can also serve as an elec 
trode for electroporation. A blocking obturator 48 which is 
formed of a material impregnated with a desired agent may 
be provided to Serve an additional function of providing a 
Slow, controlled release of the agent. There are a number of 
biocompatible materials, Such as polymethyl methacrylate, 
nylon, and a porous inorganic matrix (e.g., a ceramic), that 
can be impregnated with pharmacological agent and used to 
make blocking obturator 48. Examples of agents include 
antibiotics for preventing infections around aspiration probe 
12 and chemotherapeutics for treating tumors. Blocking 
obturator 48 can be impregnated with a combination of these 
agents. AS an alternative drug delivery modality, aspiration 
probe 12 can be used to deliver a bolus of a pharmacological 
agents through slits 26 when connection member 16 is 
coupled to a delivery device, Such as a Syringe. Such a bolus 
delivery can be advantageous when a plurality of aspiration 
probes 12 are used in treatment, as described in more detail 
below. 

0.043 A third obturator, a conducting obturator 55, may 
be provided for use with aspiration probe 12. An exemplary 
conducting obturator 55 is shown in FIG. 4. 

0044) Conducting obturator 55 has a shaft 56 sized for 
Sliding into interior chamber 24 of aspirating probe 12 and 
is made of an electrically conductive material. Conducting 
obturator 55 has a fitting 58 for connection to an electropo 
ration device. Thus, conducting obturator 55 Serves as an 
electrode for generating an electric field in the tissue. 
Conducting obturator 55 may be provided with protrusions 
that fit in apertures 26 of aspiration probe 12. These pro 
trusions increase contact between the tissue and conducting 
obturator 55. A second conducting obturator 55 inserted in 
a Second aspiration probe 12, an aspiration probe 12 made 
of an electrically conducting material, or a needle electrode 
can Serve as the Second electrode to complete the electrode 
pair. These electrodes are placed in the tissue So that when 
the electrical fields are activated, the entire tissue region 
targeted for treatment receives a uniform electric field. This 
promotes a more uniform distribution of any agent in the 
tissue. 

0.045 Now that basic structural elements of apparatus 10 
have been described with reference to certain exemplary 
embodiments, use of apparatus 10 will now be described. 
When aspiration probe 12 is connected to an active Suction 
Source 14, Suction is generated in interior chamber 24 and 
also in the tissue in which probe 12 is inserted through the 
fluid communication created by apertures 26. Aspiration of 
the treatment Site reduces interstitial fluid pressure in the 
tissue and increases blood flow to improve delivery of drugs 
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as described in the incorporated DiResta 399 patent. When 
aspiration probe 12 is disconnected from Suction Source 14, 
a cleaning obturator 28 can be used to remove any debris 
from apertures 26. Additionally, a blocking obturator 48 may 
be fitted into chamber 24 to help prevent accumulation of 
debris or tissue ingrowth in apertures 26. If blocking obtu 
rator 48 is made of a material impregnated with pharmaco 
logical agent(s), blocking obturator 48 also serves as a slow 
release delivery mechanism for the agent(s). Alternatively, a 
bolus injection of the agent(s) can be delivered through 
aspiration probe 12 itself. If the tissue to be treated is 
particularly poorly vascularized, Such as is the case with a 
tumor, conducting obturator 55 may be used to Serve as an 
electrode for electroporation to enhance uptake of the 
agent(s) into tumor cells. Alternatively, aspiration probe 12 
can be formed of an electrically conductive material and 
Serve a dual function as an aspiration probe as well as an 
electrode for electroporation. It should be noted that aspi 
ration and electroporation can occur Simultaneously. 

0046. As shown in FIG. 5, in accordance with the general 
principles of the present invention, a System 60 for reducing 
interstitial pressure of tissue may be provided. System 60 
includes a plurality of aspiration probes 62, 64, Suction 
Source 14, a plurality of connection members, which are in 
any desired form permitting connection of aspiration probes 
62, 64 to suction source 14 (such as the form of connection 
members 16), and a manifold 66. In general, most of the 
Structure of aspiration probes 62, 64 is like or comparable to 
the structure of aspiration probe 12 and, accordingly the 
Same reference numeral is used for like components and 
discussion of those like components is not believed neces 
Sary, reference being made to the previous description of 
Such components. The number of aspiration probes 62, 64 
and the Spatial positioning of the probes is dependent on the 
tissue (e.g., tissue size, shape, type, etc.) as well as the 
intended therapeutic treatment. 

0047 FIG. 6 shows one embodiment of manifold 66. 
Manifold 66 has a suction source port 68 for removable 
coupling with Suction Source 14 and a plurality of aspiration 
probe ports 70 for removable coupling with connection 
members 16. Manifold 66 has a sampling chamber 72 in 
fluid communication with each of aspiration probe ports 70 
for collection of aspirated fluid. Manifold 66 can also have 
a plurality of Sampling chambers, i.e., one Sampling cham 
ber for each of aspiration probe ports 70, so that only 
aspirated fluid from selected aspiration probe ports 70 is 
Sampled. The Selective Sampling can be useful for testing 
Specific Sites in the tissue being treated. Each of aspiration 
probe ports 70 has an associated valve 74 for selective 
control and/or coupling and uncoupling of one of aspiration 
probe ports 70 to Suction source 14. The selective control 
and/or coupling and uncoupling provided by valve 74 allows 
different degrees of aspiration at different probe Sites, i.e., 
each probe can have its own vacuum pressure, and also 
allows one of aspiration probes 62, 64 to be disconnected 
from Suction Source 14, while the others are still connected 
to suction source 14. Valve 74 can be located any where 
between aspiration probe port 70 and connection member 
16. The different degrees of aspiration at different probe sites 
can be useful for various therapeutic effects Such as relief of 
a pressure imbalance and generation of a particular interSti 
tial fluid pressure gradient in the tissue. 



US 2003/O149407 A1 

0048). If valve 74 of aspiration probe port 70 for aspira 
tion probe 64 is completely closed, aspiration probe 64 is 
uncoupled from Suction Source 14. As a result, cleaning 
obturator 28 can be used to clean aspiration probe 64 while 
aspiration probes 62 are Still operatively coupled to Suction 
Source 14. Another benefit of having valve 74 closed would 
be if blocking obturators 48 loaded with a pharmacological 
agent are inserted or drug injected in aspiration probeS 62 
with valves 74 for aspiration probe ports 70 of aspiration 
probes 62 closed. If negative pressure, i.e., Suction, is 
present in aspiration probe port 70 for aspiration probe 64, 
then the created field of lower preSSure Surrounding aspira 
tion probe 64 (compared to the field of pressure around 
aspiration probes 62) will cause fluid movement towards 
aspiration probe 64, as indicated by the arrows. The fluid 
flow thus generated will result in enhanced delivery of the 
pharmacological agents. The direction and rate of fluid 
motion depends upon placement of aspiration probes 62, 64, 
Suction level and duration, tissue properties, and the number 
and location of aspiration probes 62, 64 that receive block 
ing obturators 48. It therefore will be appreciated that a 
blocking obturator 48 may be placed in one or more of the 
probes at the treatment Site and vacuum may be applied to 
any probe in which a blocking obturator has not been placed 
to generate any desired flow path to effect the desired 
delivery of pharmacological agents. 
0049 Suction source port 68 can be provided with a 
Suction valve 76 for Selective control and/or coupling and 
uncoupling to Suction Source 14. Suction valve 76 can be 
located any where between Suction Source portion 68 and 
Suction Source 14. Control of Suction valve 76 allows the 
user to Select the desired level of Suction applied. Suction 
valve 76 allows retention of the pressure generated by 
Suction Source 14 upon uncoupling with Suction Source 14 
Such as by Storing the negative preSSure created by Suction 
Source 14 in manifold 66 after closing suction valve 76. As 
a result of this pressure retention, manifold 66 acts like a 
“Suction battery', retaining a stored level of vacuum until 
application of vacuum is desired. When any of aspiration 
Valves 74 are opened, the Stored vacuum preSSure is applied 
to achieve aspiration and vacuum pressure is thereby 
reduced as aspirated fluid moves into manifold 66. This 
Suction battery is passive, implantable, and rechargeable. 
0050. In use, the plurality of aspiration probes 12, 62, 64, 
placed within the tissue region to be treated, provide an 
alternative drainage path for accumulated fluid in the tissue. 
A negative pressure, Supplied to aspiration probes 12, 62, 64 
by Suction source 14, draws the accumulated fluid out of the 
tissue reducing interstitial fluid pressure. By reducing inter 
Stitial fluid pressure, blood flow, pH, and pC) all increase to 
more normal levels. These changes increase delivery of 
drugs to the tissue and drug uptake into the cells. In 
particular, the increase in tissue pH will enhance the reaction 
kinetics of drugs whose pH optimum is in the normal range. 
If the tissue is a tumor, increasing p0 will enhance radiation 
therapy because oxygen is the most potent radiation-Sensi 
tizing agent currently known. 

0051. After aspiration probes 12, 62, 64 are used to 
reduce interstitial fluid pressure and increase blood flow, 
selected aspiration probes 12, 62, 64 are removed from 
Suction Source 14 and blocking obturators 48 impregnated 
with pharmacological agents may be inserted in the interior 
chambers 24 of the selected aspiration probes 12, 62, 64. 
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Negative preSSure may be generated by Selected aspiration 
probes 12, 62, 64 still coupled to suction source 14 to 
enhance delivery of the agent. The determination to end 
aspiration via Suction Source 14 can be made based on a 
number of factors, including: a predetermined time Such as 
a set treatment time; measurements from a Sensor located in 
the tissue (the Sensor can be on one of the aspiration probes 
12, 62, 64); and/or visual observation of a dye substance 
included as one of the pharmacological agents within the 
aspirated fluid. After aspiration is terminated, aspiration 
probes 12, 62, 64 which had applied Suction can now be 
loaded with blocking obturators 48 to prohibit accumulation 
of debris or tissue growth in slits 26. The use of blocking 
obturators 48 minimizes exposure of the treated tissue and 
thereby reduces the potential for infection. Cleaning obtu 
rator 28 may be used to remove any accumulated debris or 
tissue. Furthermore, electroporation may be applied to drive 
the pharmacological agent into the cells. If the aspiration 
probes are made of a conductive material, then Some or all 
of aspiration probes 12, 62, 64 may serve an additional 
function as electroporation electrodes. Alternatively, or in 
addition, conducting obturator 54 is used for an electropo 
ration electrode. 

EXAMPLE 

0052 The efficacy of the present invention has been 
demonstrated by the following example. 

0053 A system formed in accordance with the principles 
of the present invention was implanted in two dogs with 
limb Osteogenic Sarcomas prior to amputation of the effected 
limb. Aspiration probes made of 31.6 L stainless steel and 
having a length of 2 and 3 cm were implanted and connected 
to a manifold with tygon tubing. Both the lengths and 
diameters of the probes were Selected based on the tissue 
region being treated. The number of probes used for each 
dog was determined by the Surgeon. Probe positioning was 
determined using planar X-ray films. It should be noted that 
other techniques and instrument, Such as MRI or CT Scans, 
can be used for probe positioning. The mid-Section of the 
tumor was Selected for probe placement. The probes were 
inserted 1-2 cm apart using an insertion trochar. 
0054. In the first dog, five probes were inserted in a 
diamond-shaped pattern (four probes on the perimeter and a 
probe in the center). In the Second dog, four probes were 
inserted in a Square pattern. Interstitial fluid pressure (IFP) 
in the region was measured using the wickin-needle (WIN) 
technique and blood flow rate (BFR) was measured using 
laser Doppler flowmetry (LDF). Both of these techniques 
are well-known and described in detail in the incorporated 
DiResta 399 patent. Data acquisition started after connect 
ing the manifold to a house vacuum (approximately 100 
mmHg) and continued for a period of approximately 30 
minutes. During the evaluation period, the house vacuum 
was turned off when IFP and BFR stabilized. The vacuum 
was turned on again after IFP and BFR values re-stabilized. 
This resulted in two or three cycles of vacuum on/vacuum 
off during the evaluation period. 

0055. The data recorded from both dogs showed that IFP 
was reduced when Vacuum was applied to the aspiration 
probes and increased when Vacuum was removed. For 
example, the IFP for the first dog decreased from 49 mmHg 
to 21 mmHg when the vacuum was on and returned to a level 
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of 45 mmHg when the vacuum was turned back off. A 
cleaning obturator was used with the Second dog and a 
recorded decrease in IFP after its use (from -4.9 mmHg to 
-82.6 mmHg) confirmed the ability of the cleaning obturator 
to unclog the aspiration probes. The LDF recordings Show 
that flow generally increased during application of the 
WCUU. 

0056 While it is apparent that the illustrative embodi 
ments of the invention herein disclosed fulfil the objectives 
Stated above, it will be appreciated that numerous modifi 
cations and other embodiments may be devised by those 
skilled in the art. Therefore, it will be understood that the 
appended claims are intended to cover all Such modifications 
and embodiments which come within the Spirit and Scope of 
the present invention. 
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What is claimed is: 
1. An interstitial fluid preSSure reducing apparatus com 

prising: 
an aspiration probe having a body with an open proximal 

end and a closed distal end, an interior chamber defined 
by the body and proximal and distal ends, and at least 
one elongated slit running along the length of the body 
and providing fluid communication between the cham 
ber of the aspiration probe and tissue upon insertion of 
at least a portion of the aspiration probe in tissue; 

wherein the proximal end is configured and dimensioned 
for coupling to a Suction Source for generating Suction 
in the chamber of the aspiration probe upon connection 
with the aspiration probe to thereby reduce interstitial 
fluid pressure of the tissue. 
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2. An apparatus as in claim 1, further comprising a 
connection member having a first end configured and dimen 
Sioned for removably connecting with the proximal end of 
the aspiration probe and a Second end configured and 
dimensioned for removably connecting with the Suction 
SOCC. 

3. An apparatus as in claim 1, wherein the aspiration probe 
has a Suture ring at the proximal end for Securing the 
aspiration probe to tissue. 

4. An apparatus as in claim 3, wherein at least one hole is 
defined in the Suture ring Shaped to receive a Suture. 

5. An apparatus as in claim 1, further comprising a 
cleaning obturator configured and dimensioned for sliding 
movement into the chamber through the proximal end of the 
aspiration probe and having at least one fin engaging the at 
least one slit upon insertion of the cleaning obturator into the 
chamber for removing any debris from the slit. 

6. An apparatus as in claim 1, further comprising a 
blocking obturator configured and dimensioned to fit within 
the chamber to block the at least one slit thereby blocking 
the fluid communication between the chamber of the aspi 
ration probe and tissue for preventing accumulation of tissue 
in the chamber. 

7. An apparatus as in claim 6, wherein the blocking 
obturator includes at least one rib configured and dimen 
Sioned to block one of the at least one slit. 

8. An apparatus as in claim 1, further comprising a 
conducting obturator configured and dimensioned for Slid 
ing movement into the chamber and made of an electrically 
conductive material for Serving as an electrode for elec 
troporation. 

9. An apparatus as in claim 1, wherein at least a portion 
of the aspiration probe is made of an electrically conductive 
material for Serving as an electrode for electroporation. 

10. An interstitial fluid pressure reducing apparatus com 
prising: 

an aspiration probe having a body with an open proximal 
end and a closed distal end, an interior chamber defined 
by the body and proximal and distal ends, and a 
plurality of apertures along the body providing fluid 
communication between the chamber of the aspiration 
probe and tissue upon insertion of at least a portion of 
the aspiration probe in tissue, the proximal end being 
configured and dimensioned for coupling with a Suc 
tion Source for generating Suction in the chamber of the 
aspiration probe upon connection with the aspiration 
probe to thereby reduce interstitial fluid pressure of the 
tissue, and 

a cleaning obturator configured and dimensioned for 
sliding movement into the chamber through the proxi 
mal end of the aspiration probe and having at least one 
protrusion engaging the plurality of apertures upon 
insertion of the cleaning obturator into the chamber for 
removing any debris from the plurality of apertures. 

11. An interstitial fluid pressure reducing apparatus com 
prising: 

an aspiration probe having a body with an open proximal 
end and a closed distal end, an interior chamber defined 
by the body and proximal and distal ends, and a 
plurality of apertures along the body providing fluid 
communication between the chamber of the aspiration 
probe and tissue upon insertion of at least a portion of 
the aspiration probe in tissue, the proximal end being 
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configured and dimensioned for coupling with a Suc 
tion Source for generating Suction in the chamber of the 
aspiration probe upon connection with the aspiration 
probe to thereby reduce interstitial fluid pressure of the 
tissue; and 

a blocking obturator configured and dimensioned to fit 
within the chamber to block the plurality of apertures 
thereby blocking the fluid communication between the 
chamber of the aspiration probe and tissue for prevent 
ing accumulation of tissue in the chamber. 

12. An apparatus as in claim 11, wherein the blocking 
obturator is impregnated with a therapeutically effective 
amount of a pharmacological agent. 

13. An apparatus as in claim 12, wherein the blocking 
obturator is made of a biocompatible polymer. 

14. An apparatus as in claim 13, wherein the polymer is 
polymethyl methacrylate. 

15. An apparatus as in claim 12, wherein the pharmaco 
logical agent includes an antibiotic. 

16. An apparatus as in claim 11, wherein at least a portion 
of the blocking obturator is made of an electrically conduc 
tive material for Serving as an electrode for electroporation. 

17. A System for reducing interstitial pressure of tissue 
comprising: 

at least two aspiration probes, each having a body with an 
open proximal end and a closed distal end, an interior 
chamber defined by the body and proximal and distal 
ends, and at least one elongated slit along the body 
providing fluid communication between the chamber of 
the aspiration probe and tissue upon insertion of at least 
a portion of the aspiration probe in tissue; 

a Suction Source for generating Suction in the chamber of 
each of the aspiration probes upon connection with the 
respective aspiration probe to thereby reduce interstitial 
fluid pressure of the tissue; 

a plurality of connection members, each having a first end 
configured and dimensioned for removably connecting 
with the proximal end of one of the aspiration probes 
and a Second end configured and dimensioned for 
removably connecting with the Suction Source; and 

a manifold having a Suction Source port for removably 
connecting with the Suction Source and a plurality of 
aspiration probe ports, each for removably connecting 
with one of the connection members. 

18. A system as in claim 17, wherein a chamber is defined 
in the manifold in fluid communication with each of the 
aspiration probe ports for collection of aspirated fluid. 

19. A system as in claim 17, wherein a valve is operatively 
asSociated with each of the aspiration probe ports for Selec 
tive coupling and uncoupling of the aspiration probe port to 
the Suction Source. 

20. A system as in claim 17, wherein a plurality of 
chambers are defined in the manifold, each chamber being 
in fluid communication with one of the aspiration probe 
ports for collection of aspirated fluid. 

21. A System as in claim 17, wherein a valve is operatively 
asSociated with the Suction Source port for Selective coupling 
and uncoupling to the Suction Source, the valve allowing 
retention of pressure generated by the Suction Source upon 
uncoupling with the Suction Source. 

22. A System as in claim 17, further comprising a cleaning 
obturator configured and dimensioned for sliding movement 
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into the chamber through the proximal end of one of the 
aspiration probe and having at least one fin engaging the at 
least one slit upon insertion of the cleaning obturator into the 
chamber for removing any debris from the slit. 

23. A System as in claim 17, further comprising at least 
one drug delivery probe having a body with an open 
proximal end and a closed distal end, an interior chamber 
defined by the body and proximal and distal ends, and at 
least one slit along the body providing fluid communication 
between the chamber of the drug delivery probe and tissue 
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upon insertion of at least a portion of the drug delivery probe 
in tissue. 

24. A System as in claim 23, wherein at least a portion of 
at least one of the aspiration probes is made of an electrically 
conductive material for Serving as an electrode for elec 
troporation. 

25. A System as in claim 17, wherein each of the aspiration 
probes has a separately adjustable pressure. 

k k k k k 


