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(57) ABSTRACT 

Branching catheter systems with diagnostic components for 
detecting and isolating fluid flow problems (e.g., leaks, occlu 
sions, etc.) and methods for detecting and isolating fluid flow 
problems are disclosed. Among the fluid flow problems that 
may potentially be detected are leaks in the branching cath 
eter systems (e.g., cuts, disconnected components, etc.). 
Another fluid flow problem that may be detected using the 
diagnostic systems of the present invention is the presence of 
occlusions or other blockages that prevent fluid flow within 
the catheter systems. In addition to identifying that a problem 
exists, the diagnostic components may preferably also be 
used to identify the location of the fluid flow problem as 
discussed herein. Connectors for use in the branching catheter 
systems are also disclosed. Among the diagnostic compo 
nents that may be used in branching catheter systems of the 
present are valves to control fluid flow through the various 
sections of the branching catheter system, fluid flow detectors 
to detect flow through the one or more sections of the branch 
ing catheter system and a control system for operating the 
diagnostic components. 
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BRANCHING CATHETER SYSTEMIS WITH 
DAGNOSTIC COMPONENTS 

RELATED APPLICATION 

0001. This is a continuation of U.S. application Ser. No. 
11/112,219, filed Apr. 22, 2005, which claims priority of U.S. 
Provisional Application Ser. No. 60/564,473, filed Apr. 22, 
2004, both of which are incorporated herein by reference. 

TECHNICAL FIELD 

0002 The present invention relates generally to implant 
able medical devices and, more particularly, to branching 
catheter systems that include diagnostic components for 
detecting and isolating fluid flow problems (e.g., leaks, occlu 
Sions, etc.). 

BACKGROUND 

0003 Implantable drug infusion systems are used to pro 
vide programmable long-term delivery of a therapeutic agent, 
e.g., infusate drug, to a target site Such as the brain or the 
spinal canal or epidural space. These systems typically 
include a pump implanted at a remote location, e.g., within 
the abdominal or chest cavity, and a catheter tunneled from 
the pump to the target site. A drug may be delivered from a 
reservoir in the pump to the target site via the catheter. 
0004 Some therapies, e.g., treatment of many neurologi 
cal diseases, may benefit from infusion of a therapeutic agent 
to multiple locations within the body. For instance, for the 
treatment of Parkinson's Disease, it may be beneficial to 
deliver a substance, e.g., Glial Derived Neurotrophic Factor 
(GDNF), to both hemispheres of the brain (bilaterally). Infus 
ing a drug to such multiple target sites is typically accom 
plished by separate infusion systems, e.g., a separate pump 
and catheter system for each target site. However, duplicate 
systems result in not only increased costs and patient inva 
siveness (as compared to single target site systems), but also 
increased complexity that is inherent in Such dual systems. 
0005 Branching catheter systems such as those described 

in, e.g., U.S. Patent Application Publication No. US 2004/ 
0199128A1 (Morris et al.) and titled CATHETER FORTAR 
GET SPECIFICDRUG DELIVERY, have been developed to 
address Some of the issues associated with using multiple 
systems for delivering drugs to multiple locations within a 
patient. 

SUMMARY OF THE INVENTION 

0006. The present invention is directed at branching cath 
eter systems with diagnostic components for detecting and 
isolating fluid flow problems (e.g., leaks, occlusions, etc.) and 
methods for detecting and isolating fluid flow problems. 
Among the fluid flow problems that may potentially be 
detected are leaks in the branching catheter systems (e.g., 
cuts, disconnected components, etc.). Another fluid flow 
problem that may be detected using the diagnostic systems of 
the present invention is the presence of occlusions or other 
blockages that prevent fluid flow within the catheter systems. 
In addition to identifying that a problem exists, the diagnostic 
components may preferably also be used to identify the loca 
tion of the fluid flow problem as discussed herein. 
0007 Among the diagnostic components that may be used 
in branching catheter systems of the present are valves to 
control fluid flow through the various sections of the branch 
ing catheter system, fluid flow detectors to detect flow 

Jul. 30, 2009 

through the one or more sections of the branching catheter 
system and a control system for operating the diagnostic 
components. 
0008. In some embodiments, the diagnostic components 
may preferably include a supply valve to control flow to all of 
the branches of the branching catheter and branch valves in 
each of the branches to control the flow of fluid into the 
selected branch. The valves may preferably operate as shut 
off valves to occlude flow at their location within the branch 
ing catheter system. 
0009. The flow detector may preferably be positioned and 
operable to detect fluid flow delivered by a pump mechanism. 
The flow detector may take a variety of different forms, e.g., 
a pressure sensor operable to sense pressure at a location 
within the catheter system (where pressure is indicative of 
flow), a flow sensor operable to detect fluid moving through a 
lumen (e.g. a mass flow sensor), etc. 
0010 Branching catheter systems that incorporate diag 
nostic components of the present invention may preferably 
include a branching catheter connector that includes an inlet 
port and two or more outlet ports in fluid communication with 
the inlet port. Each of the outlet ports may preferably feed 
fluid into a branch of the branching catheter system, while the 
inlet port may preferably be adapted to receive fluid from a 
pump mechanism operably connected to a reservoir contain 
ing a Supply of a drug to be delivered to a patient. 
0011 Although it may be preferred that the branching 
catheter systems include diagnostic components such as 
valves to control fluid flow past a selected point, methods of 
the present invention may alternatively involve manual occlu 
sion of lumens at selected locations within the branching 
catheter systems. For example, occlusion may involve 
manual compression of a catheter at a selected location Such 
that the catheter is pinched at that location. 
0012. In another embodiment, a method for detecting and 
isolating leaks and occlusions in a branching catheter system 
is provided. The method may include detecting a change in a 
characteristic, e.g., pressure, of a fluid within the system. 
Valves associated with one or more of an inlet port, a first 
outlet port, and a second outlet port of a branching connector 
of the system may be activated independently to disrupt flow 
through one or more sections of the system. The method may 
also include monitoring fluid flow (e.g., pressure) after valve 
activation; and determining a location of a catheter leak and/ 
or occlusion based upon the pressure detected. 
0013 To assist in diagnosis of fluid flow problems in 
branching catheters, it may be preferred to include flow 
restrictors at selected locations within the branching cath 
eters. In addition to assisting with diagnosis of fluid flow 
problems, the flow restrictors may also be useful for balanc 
ing flow between different branches in a branching catheter 
system. 
0014 Branching catheter systems including diagnostic 
components in accordance with the present invention or 
methods of the present invention may provide intuitive and 
systematic techniques, in conjunction with appropriate hard 
ware, for troubleshooting infusion systems including 
implantable branching catheter systems. For example, the 
systems and/or methods as described herein may be used to 
detect catheter failures as well as identify failure locations in 
branching catheter systems. In other words, these systems 
and/or methods may enable not only detection of a catheter 
failure, e.g., the presence of a leak or clog, but may also 
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isolate that failure to a particular section (i.e., Supply catheter 
or specific branch catheter) of the branching catheter system. 
0015 The systems and/or methods of the present inven 
tion may also allow confirmation of Successful implantation 
while the patient is still on the operating table. Moreover, 
revision Surgeries to correct problems can be focused to the 
appropriate component(s) of the system, thus making Surgery 
potentially less invasive and time consuming. 
0016. In addition to potentially increased robustness of the 
implant procedure and potentially improved ability to focus 
repairs/revisions, the systems and/or methods as described 
herein may also reduce the risk of patient over/under dosing. 
Moreover, these systems and/or methods may decrease the 
number of instances of therapies that might be inappropri 
ately discontinued as "inefficacious' or classified as “margin 
ally efficacious.” By using the feedback provided by systems 
and/or methods of the present invention, physicians may fur 
ther be able to develop improvements in implant technique 
and hardware design. 
0017. In one embodiment, a flow restrictor for use with an 
implantable catheter of the present invention may include an 
elongate male member having a helical groove formed in an 
outer surface thereof. The flow restrictor may fit with inter 
ference within a lumen of a catheter or other device or, alter 
natively, may fit with interference inside a separate sheath, 
wherein the combined restrictor/sheath may then be inserted 
within the catheter lumen. 
0018. The fluids delivered using the present invention may 
preferably contain one or more drugs. A drug of the present 
invention may include a therapeutic Substance. Other Sub 
stances may or may not be intended to have a therapeutic 
effect and are not easily classified, such as, e.g., Saline solu 
tion, fluoroscopy agents, disease diagnostic agents, etc. 
Unless otherwise noted in the following paragraphs, the term 
'drug as used herein may include any therapeutic, diagnos 
tic, or other substance that is delivered using the implantable 
medical devices of the present invention. The drugs will typi 
cally be fluids (e.g., liquids) or contained in fluid carriers 
(e.g., liquid carriers) as either solutions or mixtures. 
0019. Therapeutic substances delivered using the present 
invention may preferably be intended to have a therapeutic 
effect Such as pharmaceutical compositions, genetic materi 
als, biologics, and other Substances. Pharmaceutical compo 
sitions are typically chemical formulations intended to have a 
therapeutic effect Such as intrathecal antispasmodics, pain 
medications, chemotherapeutic agents, and the like. Pharma 
ceutical compositions may be configured to function in an 
implanted environment with characteristics such as Stability 
at body temperature to retain therapeutic qualities, concen 
tration to reduce the frequency of replenishment, and the like. 
Genetic materials include Substances intended to have a direct 
or indirect genetic therapeutic effect Such as genetic vectors, 
genetic regulator elements, genetic structural elements, 
DNA, and the like. Biologics include substances that are 
living matter or derived from living matter intended to have a 
therapeutic effect Such as stem cells, platelets, hormones, 
biologically produced chemicals, and the like. 
0020. In one aspect, the present invention provides an 
implantable branched catheter system that includes a Supply 
catheter section having a proximal end and a distal end and 
two or more delivery branches in fluid communication with 
the distal end of the supply catheter section. Each delivery 
branch of the two or more delivery branches includes a deliv 
ery catheter section having a proximal end and a distal end 
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along with a flow restrictor located along the delivery catheter 
section, wherein the flow restrictor restricts flow through the 
delivery catheter section. Each delivery branch further 
includes a branch valve located between the distal end of the 
supply catheter section and the proximal end of the delivery 
catheter section. The system also includes a Supply valve 
located proximate the distal end of the Supply catheter sec 
tion, wherein the supply valve controls flow through the distal 
end of the supply cathetersection; and a flow detector located 
proximate the proximal end of the Supply catheter section, 
wherein the flow detector detects flow through the supply 
catheter section. 

0021. In another aspect, the present invention provides an 
implantable branched catheter system that includes a Supply 
catheter section having a proximal end and a distal end and 
two or more delivery branches in fluid communication with 
the distal end of the supply catheter section. Each delivery 
branch of the two or more delivery branches includes a deliv 
ery cathetersection having a proximal end and a distal end; a 
flow restrictor located proximate a distal end of the delivery 
catheter section, wherein the flow restrictor restricts flow 
through the delivery catheter section; and a branch valve 
located between the distal end of the supply catheter section 
and the proximal end of the delivery catheter section. The 
system further includes a Supply valve located proximate the 
distal end of the Supply catheter section, wherein the Supply 
valve controls flow through the distal end of the supply cath 
eter section and a bleeder valve located proximate the distal 
end of the supply catheter section, wherein the bleeder valve 
is located distal of the supply valve, and wherein the bleeder 
valve shunts flow out of the branched catheter system. The 
system also includes a flow detector located proximate the 
proximal end of the supply catheter section, wherein the flow 
detector is a pressure sensor. 
0022. In another aspect, the present invention provides a 
branching catheter connector for use in an implantable 
branching catheter system, the connector including an 
implantable connector body defining a fluid path having a 
branch point at which the fluid path separates into two or more 
branches; an inlet port located within the connector body, the 
inlet port in fluid communication with the fluid path; two or 
more outlet ports in fluid communication with the inlet port 
through the branching fluid path, wherein the branch point is 
located between the inlet port and the two or more outlet 
ports; a Supply valve located proximate the inlet port, wherein 
the supply valve is located in the branching fluid path between 
the inlet port and the branch point; and a branch valve located 
proximate each outlet port of the two or more outlet ports, 
wherein the branch valve of each outlet port is located in the 
fluid path between the branch point and the outlet port. 
0023. In another aspect, the present invention provides a 
method of diagnosing flow conditions in a branched catheter 
system. The method includes providing an implantable 
branched catheter system that includes a Supply catheter sec 
tion having a proximal end and a distal end, wherein moving 
from the proximal end towards the distal end defines a down 
stream direction within the system and wherein moving from 
the distal end towards the proximal end defines an upstream 
direction within the system. The system further includes a 
flow detector located proximate the proximal end of the Sup 
ply catheter section, wherein the flow detector detects flow 
through the Supply cathetersection; and two or more delivery 
branches in fluid communication with the distal end of the 
supply catheter. Each delivery branch of the two or more 
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delivery branches includes a delivery catheter section having 
a proximal end and a distal end, and wherein each delivery 
branch of the two or more delivery branches includes a flow 
restrictor located within the delivery branch, wherein the flow 
restrictor restricts flow through the delivery catheter section. 
The method further includes delivering fluid into the proxi 
mal end of the Supply catheter section; and monitoring the 
flow detector while delivering the fluid and while selectively 
occluding flow through one or more of the Supply catheter 
section and the delivery catheter sections. 
0024. In another aspect, the present invention provides a 
method of diagnosing flow conditions in a branched catheter 
system. The method includes providing an implantable 
branched catheter system that includes a Supply catheter sec 
tion having a proximal end and a distal end, wherein moving 
from the proximal end towards the distal end defines a down 
stream direction within the system and wherein moving from 
the distal end towards the proximal end defines an upstream 
direction within the system. The system further includes a 
flow detector located proximate the proximal end of the Sup 
ply catheter section, wherein the flow detector detects flow 
through the Supply cathetersection; and two or more delivery 
branches in fluid communication with the distal end of the 
supply catheter. Each delivery branch of the two or more 
delivery branches includes a delivery catheter section having 
a proximal end and a distal end, and wherein each delivery 
branch of the two or more delivery branches includes a flow 
restrictor located proximate a distal end of the delivery 
branch, wherein the flow restrictor restricts flow through the 
delivery catheter section. The method further includes deliv 
ering fluid into the proximal end of the Supply catheter sec 
tion; and monitoring the flow detector while delivering the 
fluid and while selectively occluding flow through one or 
more of the supply catheter section and the delivery catheter 
sections. The method further comprises selectively shunting 
the fluid delivered into the supply catheter section outside of 
the system before the fluid enters the two or more delivery 
branches while monitoring the flow detector 
0025. The above summary is not intended to describe each 
embodiment or every implementation of the present inven 
tion. Rather, a more complete understanding of the invention 
will become apparent and appreciated by reference to the 
following Detailed Description of Exemplary Embodiments 
in view of the accompanying figures of the drawing. 

BRIEF DESCRIPTIONS OF THE FIGURES 

0026. The present invention will be further described with 
reference to the figures, wherein: 
0027 FIG. 1 is a diagrammatic representation of an 
implanted branching catheter system in accordance with one 
embodiment of the invention; 
0028 FIG. 2 is a schematic diagram of one exemplary 
branching catheter system according to the present invention; 
0029 FIG.3 is a schematic diagram of another exemplary 
branching catheter system according to the present invention; 
0030 FIG. 4 is a schematic diagram of another exemplary 
branching catheter system according to the present invention; 
and 
0031 FIG. 5 is a flow chart illustrating an exemplary 
method of identifying and locating a fluid flow problem 
within the branching catheter system of FIG. 4; 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0032. In the following detailed description of illustrative 
embodiments of the invention, reference is made to the 
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accompanying figures of the drawing which form a part 
hereof, and in which are shown, by way of illustration, spe 
cific embodiments in which the invention may be practiced. It 
is to be understood that other embodiments may be utilized 
and structural changes may be made without departing from 
the scope of the present invention. 
0033 Catheter cuts, occlusions, kinks, and improper (e.g. 
leaking) connections together may represent a substantial 
portion of clinical complications with current implantable 
infusion systems. Such problems may be aggravated for infu 
sion systems delivering drugs to one or more locations (e.g., 
branching catheter systems) that utilize a fixed rate pump 
because, for example, complete occlusion of one distal 
branch could result in the delivery of the full balance of the 
drug to the other branch. Normal techniques of detecting an 
occlusion in a single catheter system, such as Syringe extrac 
tion of the reservoir Volume and Subsequent comparison of 
the same to the expected Volume, would be inaccurate in these 
circumstances as the appropriate Volume would still be dis 
pensed, albeit to only a single side. Embodiments of the 
present invention as described herein preferably enable reli 
able diagnosis of the above-mentioned problems, whether 
they were induced immediately as an inadvertent conse 
quence of implantation, or occurred during the course of 
therapy. 
0034 FIG. 1 illustrates an exemplary implanted branching 
catheter system 10 in accordance with one embodiment of the 
invention. The system 10 may include a device, e.g., a pump 
20, implanted in an abdominal region of a patient, and a 
proximal infusion catheter 22, coupled to the pump 20 via a 
connector 24. The proximal catheter 22 may extend into the 
head of the patient, where fluid flow may be divided into two 
branches 30 and 40, with each branch including a branch 
catheter implanted to deliver the fluid to separate areas of the 
brain. 
0035 Although the embodiment of FIG. 1 includes a 
bifurcating catheter system, the present invention may 
include catheter systems with three or more branches. In other 
variations, although the depicted system is implanted for 
delivery into the brain of a patient, it should be understood 
that branching catheter systems of the present invention may 
be used to deliver fluids to other areas of the body. 
0036 Furthermore, although the pump 20 is depicted as 
implanted within the abdominal cavity, it may alternatively be 
implanted in any Suitable location, e.g., in the chest cavity, 
cranially, etc. In some instances, the pump mechanism itself 
may not even be implanted, i.e., the pump 20 may be located 
externally of the patient’s body, with the catheter 22 used to 
deliver the fluid internally. 
0037. The pump 20 may include a reservoir to hold a 
volume of fluid that may preferably contain one or more 
drugs. The reservoir may be periodically refilled via an injec 
tion port (not shown), and a pump mechanism (e.g., pressur 
ized bladder, peristaltic pump, piston pump, etc.) provided 
may propel the fluid through the proximal catheter 22 and into 
the branches 30 and 40. While not wishing to be bound to any 
particular configuration, the pump 20 may be a SYN 
CHROMED II manufactured by Medtronic, Inc., of Fridley, 
Minn., USA. 
0038. The pump 20 may further include a flow detector 26, 
e.g., a pressure sensor. The pressure sensor may be similar to 
that described in U.S. Patent Application Publication No. US 
2005/0075624 A1, entitled “Pressure Sensor for Medical 
Device' (see also: U.S. patent application Ser. No. 10/691, 
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814, filed 23 Oct. 2003, and entitled “Method for Monitoring 
Bolus Delivery:” U.S. Pat. No. 6,551,290, entitled “Catheter 
for Target Specific Drug Delivery;' and U.S. patent applica 
tion Ser. No. 09/625,751, filed 26 Jul. 2000, and entitled 
“Catheter for Target Specific Drug Delivery’). Alternatively, 
the flow sensing device could detect fluid flow directly using 
any appropriate flow detection technologies. 
0039 FIGS. 2 & 3 are schematic diagrams of two 
examples of branching catheter systems according to the 
present invention. The various components of the two branch 
ing catheter systems will be described below, followed by a 
description of a third example depicted in FIG. 4. Operation 
of a branching catheter system and its diagnostic components 
will be described with respect to the system depicted in FIG. 
4 

0040. The branching catheter system 100 of FIG. 2 
includes a supply catheter 122 that leads to two branches with 
branch catheters 130 and 140. The supply catheter 122 of the 
branching catheter system 100 is depicted as attached to a 
pump 120, although it should be understood that the branch 
ing catheter systems of the present invention may be supplied 
independently of the pump mechanisms used to deliverfluids 
into the branching catheter systems. 
0041 Although described herein as catheters, it should be 
understood that the supply catheters and delivery catheters or 
branch catheters of Some embodiments may be sections of a 
branching catheter system as opposed to separate indepen 
dent components assembled into the branching catheter sys 
tems. In other words, the different catheters may be sections 
of an integrally formed catheter system. Alternatively, one or 
more of the different catheters may be provided as separate 
components that are assembled to provide a branching cath 
eter system according to the present invention. 
0042. As discussed herein, the pump 120 may take any 
Suitable configuration and may preferably include a reservoir 
containing a drug for delivery to a patient. Also depicted in 
FIG. 2 is a flow detector 126 used to detect flow into the 
branching catheter system 100. The flow detector 126 is 
depicted as integral with the pump mechanism 120, although 
it may be provided separately from the pump 120. It may, 
however, be preferred that the flow detector 126 (if separate 
from the pump 120) be located close to the pump 120, 
because, as discussed herein, diagnostics can typically be 
performed only on components of the branching catheter 
system that are located downstream of the flow detector 126. 
0043. The system 100 of FIG. 2 also includes valves used 
to control fluid flow within the system. It may be preferred 
that the valves prevent flow when closed, although in some 
instances, it may be sufficient if some Small amount of fluid 
passes through the valves when closed. The depicted system 
100 includes a supply valve 128 that is preferably located 
proximate the distal end of the supply catheter 122. Branch 
valves 138 and 148 are located within each of the branches 
130 and 140, respectively. It may be preferred that the branch 
valves 138 and 148 be located as close as possible to the 
branch point 102 at which fluid is divided to flow into the 
branch catheters 130 and 140. 
0044. Each of the branches 130 and 140 may also prefer 
ably include a flow restriction 132 and 142, respectively. The 
flow restrictors may preferably serve to: a) ensure balanced 
delivery of infusate (fluid) through the branches of the sys 
tem; and/or b) provide sufficient backpressure to ensure 
robust detection of fluid flow problems such as cuts/occlu 
sions. Further discussions regarding the use offlow restrictors 
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in branched catheters may be found in U.S. Patent Applica 
tion Publication No. US 2004/0199128 A1 (Morris et al.) 
entitled CATHETER FOR TARGET SPECIFIC DRUG 
DELIVERY. As described therein, the flow restrictors may be 
in the form of a component that functions to both provide flow 
restriction and deliver a drug to a selected body location 
(using, e.g., a permeable membrane, Small orifices, etc.). 
Alternatively, fluid delivery out of the catheter and flow 
restriction of fluid moving through the catheter may be per 
formed by separate components. 
0045. The term “flow restrictor as used herein, is 
intended to represent a flow resistance that is added to a 
system to bring the total flow resistance above a specified 
value; it does not necessarily refer to a singular component. 
For example, two “flow restrictors” (i.e. two components) of 
equal resistance placed in series at the tip of a given catheter 
could be functionally equivalent to a single flow restrictor 
whose resistance is twice that of either of the serial flow 
restrictors taken by itself. 
0046. The various components such as valves, pumps, etc. 
in Systems according to the present invention may be con 
trolled by any suitable controller that may be implanted in or 
located outside of the body of the patient. For example, the 
controller may be located within the pump 120 or external 
thereto and connected to the various components by wires, 
optical fibers, etc. Control may also be effected by the use of 
telemetry, which may be used for communication between 
components and a user, for external programming etc. Telem 
etry control devices, systems and methods that may be 
adapted for use in connection with the present invention may 
be described in, e.g., U.S. Pat. Nos. 5,558,640 (Pfeiler et al.); 
5,820,589 (Torgerson et al.); and 5.999,857 (Weijand et al.). 
0047. Also depicted in broken lines in FIG. 2 is a branch 
ing catheter connector 160 that may be used in connection 
with branching catheter systems of the present invention. The 
connector 160 may house the supply valve 128 and branch 
valves 138 and 148, as well as the branch point 102 at which 
fluid flowing through the system 100 is divided for delivery to 
the different branches 130 and 140. 
0048. The body of the connector 160 may, in one embodi 
ment, be made from molded silicone (e.g., Nu-Sil MED 4870 
LSR, 65-75 Shore Adurometer). This material may provide 
certain potentially desirable benefits, e.g., desirable material 
properties such as elastic and creep characteristics, at a rela 
tively low cost. However, other biocompatible materials such 
as ETR silicone, urethane, polyurethane, etc., are also pos 
sible without departing from the scope of the invention. 
0049. Use of the connector 160 may be advantageous in 
that the connector 160 may be provided as an independent 
component that can be assembled with existing catheters to 
form a branching catheter system according to the present 
invention. As a result, an existing catheter or tubing may be 
used as the Supply catheter 122 connecting the pump 120 to 
the inlet port 162 of the connector 160. Similarly, existing 
catheters may also be connected to the outlet ports 164 and 
166 of the connector to provide branch catheters 130 and 140. 
The connector 160 may preferably define a fluid path that 
includes the branch point 102, inlet port 162 and outlet ports 
164 and 166. The various valves may preferably be distrib 
uted along the fluid path as defined within the connector 160. 
For example, a bleeder valve (see ZA2 in FIG. 4) may be 
located in the fluid path between the supply valve 128 and the 
branch point 102. Similarly a controller may be operatively 
connected to the valves and other components in the connec 
tors of the present invention. 
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0050 FIG. 3 is a schematic diagram of another branching 
catheter system 200 that includes more than two branches. 
The branching catheter system 200 is attached to a pump 
mechanism 220 using a supply catheter 222. A flow detector 
226 is located proximate the proximal end of the supply 
catheter 222. In this embodiment, the flow detector 226 is 
depicted as separate from the pump mechanism 220. 
0051. The supply catheter leads to the first branch point 
202at which the fluid flow separates into two branch catheters 
270 and 280. A supply valve 228 is, however, preferably 
located upstream of the branch point 202. As with branching 
catheter system 100, it may also be preferred that the valve 
228 be located proximate the distal end or downstream end of 
the supply catheter 222. 
0052 An optional component depicted in the branching 
catheter system 200 is a bleeder valve 229. The bleeder valve 
229 preferably functions to prevent flow to the branch point 
202 and also to shunt or divert flow out of the branching 
catheter system 200. Use of the bleeder valve 229 may allow 
for the detection of an occlusion in the supply catheter 222 
located between the flow detector 226 and the bleeder valve 
229 as described elsewhere herein. Although the valve 228 
and bleeder valve 229 are depicted as separate components, it 
will be understood that they may be integrated into a single 
valve mechanism (e.g., a three port valve) that can perform 
the functions of both valves 228 and 229. 
0053. The branching catheter system 200 also includes 
branch valves 274 and 288 downstream of the branch point 
202. It may be preferred that the branch valves 274 and 288 be 
capable of shutting off or occluding flow into their respective 
branch catheter 270 or 280. As a result, it may be preferred 
that the branch valves 274 and 288 be located as close as 
possible to the upstream or proximal ends of the branch 
catheters 270 and 280 such that the branch catheters can be 
isolated from the branching catheter system 200. 
0054 Branch catheter 280 in the depicted branching cath 
eter system 200 also preferably includes a flow restrictor 282. 
It may be preferred that the flow restrictor 282 be located 
proximate the distal end of the branch catheter 280 as 
depicted in FIG. 3. 
0055 Branch catheter 270 in the depicted branching cath 
eter system 200 leads to a second branch point 204 from 
which branch catheters 230 and 240 extend. As a result, the 
branch catheter 270 may function in many respects like Sup 
ply catheter 222. For example, the branch catheter 270 may 
also preferably include a valve 278 proximate its distal or 
downstream end, i.e., the end at which fluid flow is divided by 
the branch point 204. The branch catheter 270 may also 
preferably include a bleeder valve 279 proximate its distal 
end similar to the supply catheter 222. As with supply catheter 
222, the valve 278 and bleeder valve 279 are depicted as 
separate components, although it will be understood that they 
may be integrated into a single valve mechanism (e.g., a three 
port valve) that can perform the functions of both valves 278 
and 279. 
0056 Branch valves 238 and 248 are preferably provided 
within each of the branch catheters 230 and 240, respectively, 
downstream from the branch point 204. It may be preferred 
that the branch valves 238 and 248 be located as close as 
possible to the branch point 204 at which fluid is divided to 
flow into the branch catheters 230 and 240. Each of the branch 
catheters 230 and 240 may also preferably include a flow 
restrictor 232 and 242, respectively. It may be further pre 
ferred that the flow restrictors be located at or near the distal 
ends of the branch catheters 230 and 240. 
0057 The branching catheter system 200 includes three 
delivery branches in branch catheters 230, 240 and 280. As 
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discussed above, it may be preferred that each of the branch 
catheters include a flow restrictor 232, 242, and 282 (respec 
tively). If it is desired that the amount of fluid (i.e., drug) to be 
delivered from each of the three branches is to be roughly 
equal, the flow restrictors may not necessarily be identical. It 
may be necessary, for example, to consider the effects of the 
valves and the length of the fluid flow path through the dif 
ferent catheters and adjust the amount of flow restriction 
provided in each of the branches to balance flow there 
through. 
0.058 FIG.4s a schematic diagram of another branching 
catheter system 300 including diagnostic components that is 
attached to a pump 320. Fluid is delivered to the branching 
catheter system 300 using a proximal or supply catheter 322 
that may preferably be connected to an inlet port 362 of a 
branching catheter connector 360. The pump 320 may pref 
erably include a flow detector 326, e.g., a pressure sensor 
operable to monitor pump output pressure. The proximal 
catheter 322 may be fluidly coupled, via the connector 360, to 
a left outlet port 364 that is, in turn, coupled to a first or left 
branch catheter L. The proximal catheter 322 may also be 
coupled, via the connector 360, to a right outlet port 366 that 
is, in turn, coupled to a second or right branch catheter R. 
0059 A flow restrictor 310 may preferably be located near 
a distal end of each branch catheter L and R. As described 
above, the flow restrictors may preferably serve to: a) ensure 
balanced delivery of infusate to the target regions; and/or b) 
provide sufficient backpressure to ensure robust detection of 
cuts/occlusions by the pressure sensor. 
0060 Along with the flow detector 326 and the flow 
restrictors 310, the diagnostic system may include a series of 
valves to assist in the diagnosis of fluid flow problems within 
the branching catheter system 300. In the embodiment of 
branching catheter system 300 depicted in FIG.4, valves ZA1 
(located proximate the inlet port 362 of the connector 360), 
ZB (located in the left outlet port 364 of connector 360), and 
ZC (located in the right outlet port 366 of connector 360) may 
preferably, when activated, impede flow (and more preferably 
prevent flow past the valve). For example, the valves may 
preferably be pinch-type, shut-off valves, although any Suit 
able valve construction may be used. 
0061 Also, although the valves may preferably be used 
while performing methods of the present invention, it should 
be understood that the methods may alternatively be per 
formed using manual pressure on a selected segment of cath 
eter tubing down (against a hard Surface, e.g., the cranium) in 
order to block flow. 
0062 Optional valve ZA2 as seen proximate the inlet port 
362 of the connector 360 may preferably be a bleeder valve. 
That is, when activated, valve ZA2 may preferably both shut 
off flow downstream of the valve and shunt the flow path 
outside the catheter system 300, e.g., into Surrounding tissue. 
In some embodiments, the shut-off feature of valve ZA2 may 
be eliminated, i.e., it may function as a bleeder valve only. In 
other embodiments, valve ZA2 could be eliminated alto 
gether. If no bleeder valve is present, methods as described 
below in which the bleeder valve ZA2 is activated could 
alternatively be practiced by, e.g., unplugging (disconnect 
ing) the supply catheter 322 from the connector 360). How 
ever, by providing the bleeder valve ZA2, a physician may 
preferably have the ability to perform a wide range of diag 
nostics without having to perform, e.g., Subcutaneous cut 
down to access the proximal catheter 322 to disconnect it 
manually. 
0063. In some embodiments in which, e.g., the branching 
catheter system 300 is implanted cranially, the valves ZA1, 
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ZA2, ZB, and ZC may preferably be felt beneath the skin of 
the scalp after implantation. In such a situation, the valves 
may be actuated by manually compressing the valve againsta 
surface such as the cranium or other surface that allows for 
Sufficient compression to close the valve. 
0064 Valves ZA1-ZC could be configured as separate 
metal or plastic components located inside the respective 
ports of the connector 360. Alternatively, the valves could be 
integrally formed with the connector 360, e.g., as part of the 
molded structure itself. Shunting hardware for managing 
hydrocephalic patients provide examples of the latter. 
0065. In FIG.4, reference letters A, B, C, D, E, F, G, H, and 

I are used to identify catheter fluid flow status. In particular, 
reference letters A, D, and G are used to identify a cut in the 
supply catheter 322, the left catheter L, and the right catheter 
R, respectively. Similarly, reference letters B, E, and H are 
used to identify an occlusion in the supply catheter 322, the 
left catheter L, and the right catheter R, respectively. Finally, 
reference letters C, F, and I are used to identify the supply 
catheter 322, the left catheter L, and the right catheter R. 
respectively, as being normal or intact. 
0066. The configuration of the branching catheter system 
300 depicted in FIG. 4 permits twenty-seven (27) possible 
status combinations, i.e., combinations of cuts, occlusions, 
and intact (free of cuts or occlusions) catheter portions. These 
combinations are presented in tabular form in Table I. Each 
status combination can be distinguished from the others by 
some set of user actions. For example, FIG.5 illustrates a flow 
chart describing the sensor states and user actions of Table I, 
as well as the resulting conclusions that may be drawn there 
from. However, these cases are not a unique set. For example, 
redundant (i.e. unnecessary or inconclusive actions) might be 
performed before entering one of the paths shown in the flow 
chart of FIG. 5. 

TABLE I 
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0067. The following examples may illustrate an exem 
plary procedure for utilizing the diagnostic system illustrated 
in FIG. 4. Once implanted, the flow detector 326 of the 
branching catheter system 300 may be interrogated, e.g., via 
telemetry or other techniques, to ascertain what is referred to 
herein as an “initial sensor state. It may, for example, be 
desirable to interrogate the flow detector 326 during or imme 
diately after implantation to ensure that the branching cath 
eter system 300 is intact and functional. Similarly, it may be 
beneficial over the course of treatment to interrogate the flow 
detector 326 of the branching catheter system 300 if patient 
response indicates a potential problem. 
0068. Where the flow detector 326 is a pressure sensor and 
the pump 320 is operating to deliver fluid through the branch 
ing catheter system 300, the initial sensor state is preferably 
equivalent to the baseline pressure (the predetermined pres 
sure for which the branching catheter system 300 was 
intended to operate) as represented by the first column of the 
flow chart depicted in FIG. 5 and summarized as case 27 in 
Table I. In that state, it may be concluded that catheter flow is 
normal and there are no occlusions or cuts in the Supply 
catheter 322 or the branch catheters L & R. 
0069. However, where the initial sensor state is at or near 
maximum (i.e., at or near the maximum pressure output of the 
pump 320) as shown in the second column of the flowchart of 
FIG. 5; is about twice the baseline pressure as shown in the 
third column of FIG. 5; or is at or near Zero pressure as shown 
in the fourth column of FIG. 5, additional valve activation/ 
manipulation may reveal the existence of a fluid flow problem 
within the branching catheter system 300 (e.g., catheter cutor 
occlusion). If the flow detector and valves are in the preferred 
locations as discussed herein, it may also be possible to iden 
tify the general location of the fluid flow problem (e.g., in the 
supply catheter 322 and/or branch catheters L & R). 

Supply Left Right Initial Sensor User Action(s) (Activated Valve(s)) -> 
Case Leg (322) Leg (L) Leg (R) State (326) Corresponding Sensor Response(s) 

Z -> TO MAX; Z -> TOZERO: Z-> TO ZERO 

1 A. D G TO ZERO Z -> TOZERO 
2 A. D TO ZERO Z -> TOZERO 
3 A. D TO ZERO Z -> TOZERO 
4 A. E G TO ZERO Z -> TOZERO 
5 A. E TO ZERO Z -> TOZERO 
6 A. E TO ZERO Z -> TOZERO 
7 A. G TO ZERO Z -> TOZERO 
8 A. TO ZERO Z -> TOZERO 
9 A. TO ZERO Z -> TOZERO 
10 B D G TO MAX Z -> TOMAX 
11 B D TOMAX Z -> TO MAX 
12 B D TOMAX Z -> TO MAX 
13 B E G TO MAX Z -> TO MAX 
14 B E TOMAX Z -> TO MAX 
15 B E TOMAX Z -> TO MAX 
16 B G TO MAX Z -> TO MAX 
17 B TOMAX Z -> TOMAX 
18 B TOMAX Z -> TO MAX 
19 C D G TO ZERO 
2O C D TO ZERO Z -> TOMAX; Z -> MAX 
21 C D TO ZERO Z -> TOMAX; Z -> TWICE BASELINE 
22 C E G TO ZERO Z -> TOMAX: Z-> MAX 
23 C E TOMAX Z -> TOZERO 
24 C E TWICE Z -> TO MAX 

BASELINE 

25 C G TO ZERO Z -> TOMAX: Z-> TWICE BASELINE 
26 C TWICE Z -> TO MAX 

BASELINE 
27 C I BASELINE BASELINE 
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0070 For instance, where the flow detector 326 is a pres 
Sure sensor and the initial sensor state is “at or near maxi 
mum, the physician may activate valve ZA2 to shunt flow 
though the supply catheter 322 out of the branching catheter 
system 300 and monitor the response of the flow detector 326 
(which, as discussed above, may preferably be a pressure 
sensor). If the sensor reading remains at or near maximum 
after activation of bleeder valve ZA2, it may be concluded 
that an occlusion is present in the Supply catheter 322 that 
prevents or Substantially impedes flow through the Supply 
catheter 322. However, where the activation of bleeder valve 
ZA2 results in a pressure reading at or near Zero, then it may 
be concluded that there is an occlusion in both the left and 
right branch catheters L & R. 
0071. A more involved interrogation is illustrated by the 
fourth column of FIG.5 where an initial sensor state of a flow 
detector 326 in the form of a pressure sensor is “at or near 
Zero.' If the physician activates supply valve ZA1 and the 
reading does not change, it may be concluded that there is a 
cut in the supply catheter 322 (or the supply catheter 322 is 
disconnected at either end). Yet if activation of supply valve 
ZA1 results in a Subsequent pressure reading that is at or near 
maximum pressure of the pump 320, the physician may pro 
ceed to activate branch valve ZB. 
0072. If activation of branch valve ZB as depicted in the 
fourth column results in a third pressure reading that is “at or 
near Zero, then branch valve ZC may be activated, where 
upon the identified sensor responses and resulting catheter 
failures (“conclusions') may be identified as shown in FIG.5. 
If, after activation of branch valve ZC, the fourth pressure 
reading is “twice baseline, then it may be concluded that 
there is a cut in the right branch catheter R. Alternatively, if 
activation of branch valve ZC results in a sensor reading of “at 
or near max’ then it may be concluded that the left branch 
catheter L is occluded and that the right branch catheter R 
includes a cut (or is disconnected from the system 300). In 
another alternative, activation of branch valve ZC may result 
in a sensor reading of “at or near Zero. In that situation, it may 
be concluded that both of the left and right branch catheters L 
& Rare either cut or disconnected from the branching cath 
eter system 300. 
0073 Still in the fourth column of the flow chart of FIG. 5, 
if the third pressure reading (after activation of branch valve 
ZB) is “at or near max’ then it may be concluded that there is 
an occlusion in the right branch catheter Randa cut in the left 
branch catheter L (or disconnection of the left branch catheter 
L from the system 300). Alternatively, if activation of branch 
valve ZB in the fourth column of the flow chart of FIG. 5 
results in a third sensor reading of “twice baseline' then it 
may be concluded that the left branch catheter L is either cut 
(or disconnected from the system 300). 
0074. It should be noted that, after activating supply valve 
ZA1 and noting an increase in the sensor response to “at or 
near maximum’ (as the second sensor reading) a user could 
choose to activate branch valve ZC instead of branch valve 
ZB as the Subsequent action. In this case, activating branch 
valve ZB would be the third user action, and the resulting 
conclusions depicted in column four of the flowchart could be 
revised to substitute “left for “right' and vice versa. 
0075 Although flow restrictors 310 located in the branch 
catheters (preferably proximate the distal end or tip of the 
branch catheters) may facilitate robust detection of fluid flow 
problems using a pressure sensor and may additionally be 
used to control (e.g., equalize) flow through the different 
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branch catheters, diagnostic systems in accordance with other 
embodiments of the present invention could be implemented 
without the use of such flow restrictors. Moreover, while 
described herein in the context of pressure sensors, it is con 
templated that other flow detectors, e.g., flow sensors, could 
also be used. 

0076 Furthermore, if only the detection of occlusions 
were desirable, (i.e., no desire to detect catheter cuts or dis 
connections), then left and right restrictors 310 could be 
located anywhere downstream of the branch valves along the 
length of the respective left and right branch catheters L and 
R, rather than near the distal ends/tips of the branch catheters. 
0077. If provided, flow restrictors used in the branching 
catheter systems of the present invention may take any Suit 
able form, some examples of which may be described in U.S. 
Patent Application Publication No. US 2004/0199128 A1 
(Morris et al.), entitled CATHETER FOR TARGET SPE 
CIFICDRUG DELIVERY: as well as in the priority applica 
tion on which the present application is based (U.S. Provi 
sional Application No. 60/564,473, titled CATHETER 
SYSTEM HAVING FLOW RESTRICTION, AND DIAG 
NOSTIC SYSTEM FOR USE WITH SAME, filed Apr. 22, 
2004); and in co-pending U.S. patent application Ser. No. 
11/112,077, titled CATHETERSYSTEMS HAVING FLOW 
RESTRICTORS, filed on Apr. 22, 2005. 
0078. As used herein and in the appended claims, the 
singular forms “a” “and” and “the include plural referents 
unless the context clearly dictates otherwise. Thus, for 
example, reference to “a” or “the component may include 
one or more of the components and equivalents thereof 
known to those skilled in the art. 
007.9 The complete disclosure of the patents, patent docu 
ments, and publications cited in the Background, the Detailed 
Description of Exemplary Embodiments, and elsewhere 
herein are incorporated by reference in their entirety as if each 
were individually incorporated. 
0080 Illustrative embodiments of this invention are dis 
cussed and reference has been made to possible variations 
within the scope of this invention. These and other variations 
and modifications in the invention will be apparent to those 
skilled in the art without departing from the scope of the 
invention, and it should be understood that this invention is 
not limited to the illustrative embodiments set forth herein. 

1. An implantable branched catheter system comprising: 
a Supply catheter section comprising a proximal end and a 

distal end; 
two or more delivery branches in fluid communication with 

the distal end of the supply catheter section, wherein 
each delivery branch of the two or more delivery 
branches comprises: 
a delivery catheter section comprising a proximal end 

and a distal end; 
a flow restrictor located along the delivery catheter sec 

tion, wherein the flow restrictor restricts flow through 
the delivery catheter section; 

a branch valve located between the distal end of the 
Supply catheter section and the proximal end of the 
delivery catheter section; 

a supply valve located proximate the distal end of the 
Supply catheter section, wherein the Supply valve con 
trols flow through the distal end of the supply catheter 
section; and 
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a flow detector located proximate the proximal end of the 
supply catheter section, wherein the flow detector 
detects flow through the Supply catheter section. 

2. A catheter system according to claim 1, the system 
further comprising a bleeder valve located proximate the 
distal end of the supply catheter section, wherein the bleeder 
valve is located distal of the supply valve, and wherein the 
bleeder valve shunts flow out of the branched catheter system. 

3. A catheter system according to claim 1, wherein the flow 
restrictor located along the delivery catheter section of each 
delivery branch of the two or more delivery branches is 
located proximate a distal end of the delivery cathetersection. 

4. A catheter system according to claim 1, wherein the flow 
detector comprises a pressure sensor. 

5. A catheter system according to claim 1, wherein the flow 
detector comprises a flow sensor. 

6. A catheter system according to claim 1, further compris 
ing a controller operatively connected to each of the Supply 
valve, the flow detector, and the branch valve in each delivery 
branch of the two or more delivery branches. 

7. A catheter system according to claim 1, further compris 
ing a pump operatively connected to the proximal end of the 
Supply catheter section. 

8. A catheter system according to claim 7, wherein the flow 
detector comprises a pressure sensor located within the pump. 

9. A catheter system according to claim 1, wherein the 
system further comprises branched catheter connector body 
comprising: 

an inlet port to which the distal end of the supply catheter 
section is connected; 

two or more outlet ports in fluid communication with the 
inlet port, wherein each delivery branch of the two or 
more delivery branches is in fluid communication with 
one of the outlet ports; 

wherein the supply valve and the branch valve of each 
delivery branch of the two or more delivery branches are 
located within the connector body. 

10. An implantable branched catheter system comprising: 
a Supply catheter section comprising a proximal end and a 

distal end; 
two or more delivery branches in fluid communication with 

the distal end of the supply catheter section, wherein 
each delivery branch of the two or more delivery 
branches comprises: 
a delivery catheter section comprising a proximal end 

and a distal end; 
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a flow restrictor located proximate a distal end of the 
delivery catheter section, wherein the flow restrictor 
restricts flow through the delivery catheter section; 

a branch valve located between the distal end of the 
Supply catheter section and the proximal end of the 
delivery catheter section; 

a supply valve located proximate the distal end of the 
Supply catheter section, wherein the Supply valve con 
trols flow through the distal end of the supply catheter 
section; 

a bleeder valve located proximate the distal end of the 
supply catheter section, wherein the bleeder valve is 
located distal of the supply valve, and wherein the 
bleeder valve shunts flow out of the branched catheter 
system; and 

a flow detector located proximate the proximal end of the 
supply catheter section, wherein the flow detector com 
prises a pressure sensor. 

11. A catheter system according to claim 10, further com 
prising a pump operatively connected to the proximal end of 
the Supply catheter section. 

12. A branching catheter connector for use in an implant 
able branching catheter system, the connector comprising: 

an implantable connector body defining a fluid path com 
prising a branch point at which the fluid path separates 
into two or more branches; 

an inlet port located within the connector body, the inlet 
port in fluid communication with the fluid path; 

two or more outlet ports in fluid communication with the 
inlet port through the branching fluid path, wherein the 
branch point is located between the inlet port and the two 
or more outlet ports; 

a Supply valve located proximate the inlet port, wherein the 
Supply valve is located in the branching fluid path 
between the inlet port and the branch point; and 

a branch valve located proximate each outlet port of the two 
or more outlet ports, wherein the branch valve of each 
outlet port is located in the fluid path between the branch 
point and the outlet port. 

13. A branching catheter connector according to claim 12, 
further comprising a bleeder valve located in the fluid path 
between the supply valve and the branch point, and wherein 
the bleeder valve shunts flow out of the connector body. 

14. A branching catheter connector according to claim 12, 
further comprising a controller operatively connected to the 
Supply valve and the branch valves located proximate each 
outlet port. 


